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Background: M-mode is the echocardiographic gold standard to diagnose dilated cardiomyopathy (DCM) in dogs, whereas

Simpson’s method of discs (SMOD) is the preferred method to detect echocardiographic evidence of disease in humans.

Objectives: To establish reference values for SMOD and to compare those with M-mode measurements.

Animals: Nine hundred and sixty-nine examinations of 471 Doberman Pinschers.

Methods: Using a prospective longitudinal study design. Reference values for SMOD were established using 75 healthy

Doberman Pinschers 48 years old with o50 ventricular premature contractions (VPCs) in 24 hours. The ability of the new

SMOD cut-off values, normalized to body surface area (BSA), for left ventricular end-diastolic volume (LVEDV/BSA

495mL/m2) and end-systolic volume (LVESV/BSA4 55mL/m2) to detect echocardiographic changes in Doberman Pinschers

with DCMwas compared with currently recommendedM-mode values. Dogs with elevated SMOD values but normalM-mode

measurements were followed-up using a prospective longitudinal study design.

Results: At the final examination 175 dogs were diagnosed with DCM according to both methods (M-mode and SMOD).

At previous examinations, M-mode values were abnormal in 142 examinations only, whereas all 175 SMOD already had de-

tected changes. Additionally, 19 of 154 dogs with 4100 VPCs/24 hours and normal M-mode values had abnormal SMOD

measurement. Six dogs with increased SMOD measurements remained healthy at several follow-up examinations (classified as

false positive); in 24 dogs with increased SMOD measurements, no follow-up examinations were available (classified as

unclear).

Conclusions and Clinical Importance: SMOD measurements are superior to M-mode to detect early echocardiographic

changes in Dobermans with occult DCM.
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D
ilated cardiomyopathy (DCM) is an important
cause of cardiac morbidity and mortality in dogs

and is the most commonly acquired cardiac disorder in
large and giant breed dogs.1–3 Dobermans Pinschers are
one of the most commonly affected breeds, and DCM in
this breed is an inherited, slowly progressive primary
myocardial disease.1,4–7 The occult stage of the disease is
characterized by evidence of morphologic or electrical
derangement in the absence of clinical signs of heart
disease.1,6,8–10 The morphologic abnormality consists of
left ventricular (LV) enlargement in systole and later in
diastole. Ventricular premature contractions (VPCs) are
a common finding in the occult phase of DCM in Dober-
man Pinschers.1,4,5,8–16,a Sudden death, caused by
ventricular tachycardia-fibrillation, occurs during the
occult phase in at least 25–30% of affected dogs.4,11,15

These abnormalities, morphologic or electrical, can co-
exist or can be of predominantly one form at any time
during this occult stage.1,11,15,17,18 For diagnostic, prog-
nostic, therapeutic, and breeding purposes it is essential
to detect the occult phase of the disease. Diagnosis pri-
marily depends on evidence of ventricular arrhythmias,
detected by 24-hour ambulatory ECG (Holter) and echo-
cardiographic evaluation of LV dimensions and
function. Currently, M-mode is considered the gold-

standard to diagnose echocardiographic changes in
Doberman Pinschers with DCM.a,b,4,5,11,16,18–22

Many echocardiography laboratories rely on M-mode
measurements or linear dimensions derived from the
two-dimensional (2D) image for quantification. Linear
measurements from M-mode and 2D images have
proven to be reproducible with low intraobserver and
interobserver variability. However, M-mode is a 1D
method that relies on geometric assumptions that may
assess geometric changes occurring in diseases such as
DCM less accurately. The Teichholz or Quinones meth-
ods of calculating LV volumes and ejection fraction (EF)
from LV linear dimensions may result in inaccuracies as
a result of the geometric assumptions required to convert
a linear measurement to a 3D volume.23–26 Accordingly,
the American Society of Echocardiography (ASE) rec-
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Holter 24-hour ambulatory ECG

ASE American Society of Echocardiography

BSA body surface area

CV coefficients of variations

DCM dilated cardiomyopathy

EF ejection fraction

EDVI end-diastolic volume index

ESVI end-systolic volume index

LV left ventricle

LVIDd left ventricular internal end-diastolic dimension

LVIDs left ventricular internal end-systolic dimension

ROC receiver operator curves

SMOD Simpson’s method of disc

2D two dimensional

VPC ventricular premature contraction
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ommends not to use linear measurements to calculate LV
volumes and EF for clinic practice.26 The most com-
monly used 2D measurement for volume measurements
in human beings is the biplane Simpson’s method of discs
(SMOD), currently the recommended method of choice
according to the ASE.25,26 Using SMOD, heart volume is
measured as the summation of parallel cylinders, whose
diameters are derived from endocardial border tracing
performed on 1 or 2 orthogonal LV apical views. The
principle underlying this method is that the total LV vol-
ume is calculated from the summation of a stack of
elliptical disks. The height of each disk is calculated as a
fraction (usually 1/20) of the LV long-axis based on the
longer of the 2 lengths from the 2- and 4-chamber
views. The cross-sectional area of the disk is based on
the 2 diameters obtained from the 2- and 4-chamber
views. When 2 adequate orthogonal views are not avail-
able, a single plane can be used, and the area of the disk is
then assumed to be circular.25,26 Recently, it has been
recommended in human medicine to use the long-axis
view instead of the 2-chamber view in combination with
the 4-chamber view for accurate biplane LV volume and
EF calculations.27,28 The apical 2-chamber view is not a
standard echocardiographic view in dogs and difficult to
obtain, in contrast to the right parasternal long-axis
4-chamber view.29 However, it has not been assessed in
dogs if SMOD measurements from right parasternal
long-axis view are comparable to measurements
obtained from the left apical 4-chamber view. Further-
more, no SMOD reference values are published for
Doberman Pinschers, and the ability of SMOD to detect
echocardiographic changes in Doberman Pinschers with
DCM has not been evaluated.
The aims of this study were therefore to (1) establish

SMOD reference values using a large population of
healthy Doberman Pinschers, (2) to compare the SMOD
values obtained from the right parasternal long-axis view
with the left apical 4-chamber view, (3) to determine the
comparative within- and between-day variability of end-
diastolic volume index (EDVI) and end-systolic volume
index (ESVI), and (4) to compare the established SMOD
cut-off values with currently recommended M-mode val-
ues in their ability to diagnose echocardiographic
changes in a large population of Doberman Pinschers
affected by DCM using a prospective longitudinal study
design.

Material and Methods

Animals

The study population was 471 (249 female and 222 male) client-

owned Doberman Pinschers that were prospectively selected

according to the inclusion and exclusion criteria from a longitudi-

nal cohort study starting in 2004. A total of 969 examinations from

these 471 Doberman Pinschers met the selection criteria. Enroll-

ment was restricted to purebred Doberman Pinschers without

evidence of systemic disease. Written owner consent was obtained

before enrollment. The dogs were examined at least once a year.

Each examination included a thorough clinical examination, a

Holter examination, and echocardiography. Body weight was

recorded for calculation of body surface area (BSA) by the

formula30 0.1�kg0.667.

Examinations

All dogs were examined without sedation in right and left lateral

positions. Echocardiographic examinations were performed with a

commercially available high frame rate ultrasound system equipped

with a 2.0/4.3MHz probec with simultaneous ECG recording by the

ultrasound machine. M-mode measurements were obtained from

the right parasternal long-axis view. All valves were examined by

color-Doppler. Velocities over the aortic and pulmonary valves

were measured by continuous wave Doppler examinations and had

to be below 2.2m/sec. Twenty-four-hour Holter recordings were

performed at each exam and analyzed by 1 of 2 commercially avail-

able software programs.d,e Manual adjustments and accuracy

verification of the arrhythmias recognized by the software were per-

formed by members (veterinarians) of the LMU cardiology team

with extensive experience in Holter analysis and overseen by a Dip-

lomate in cardiology (G.W.).

SMOD Measurements

SMOD measurements were done on (1) left apical 4-chamber

view and (2) on the right parasternal long-axis 4-chamber view.

Frame-by-frame analysis was performed, with selection of end-

diastolic frames (corresponding to onset of QRS, ie, at the time of

mitral valve closure) and end-systolic frames (corresponding to the

last frame before mitral valve opening). The LV area was measured

by tracing the endocardial border on each selected image; maximal

LV length was measured from the middle of a line connecting the 2

mitral annuli to the endocardial border of the LV apex (Fig 1). LV

volumes were then automatically calculated by the ultrasound ma-

chine. SMOD derived end-diastolic and end-systolic LV volumes

were indexed to BSA (EDVI and ESVI, respectively). Reference

values for EDVI, ESVI, and EF were established using 75 healthy

Doberman Pinschers48 years of age witho50 VPCs/24 hours and

normal M-mode values.

Dogs were grouped into 3 different groups according to the re-

sults of the Holter and echocardiographic M-mode examinations at

the last available examination:

(1) Control group: Dogs in this group had no clinical signs,
o50 VPCs/24 hours, and normal echocardiographic
measurements. M-mode values that were considered to
be normal were as follows: left ventricular internal end-
diastolic dimension (LVIDd)�47mm and left ventricular
internal end-systolic dimension (LVIDs) �38mm.5,11

(2) VPC group: Dogs in this group had no clinical signs,
4100 VPCs/24 hours on Holter examination, and nor-
mal echocardiographic M-mode measurements as
described above. The dogs were in the occult phase of
the disease.

(3) ECHO group: M-mode values that were considered ab-
normal and indicative of DCM were as follows: LVIDd
�49mm,16,19 or LVIDs �40mm,5,7 or both measure-
ments increased. The dogs were in the occult phase of
the disease.

Exclusion Criteria

Dogs with evidence of systemic disease, concomitant congenital

heart disease or evidence of primary mitral valve disease (based on

echocardiography) were not included. Dogs that had between 50

and 100 VPCs/24 hours were considered ‘‘equivocal’’ and were not

included in the study.
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Follow-Up Examinations

After calculation of optimal cut-off values by receiver operating

curves (ROC) (see ‘‘Results’’), dogs with increased EDVI (495mL/

m2), or increased ESVI (455mL/m2), or both were judged as cor-

rectly abnormal, if M-mode values were also abnormal (LVIDd

�49mm16,19 or LVIDs �40mm5,7) at the same examination, or if

M-mode values became abnormal at a later examination. Cases in

which only SMOD was abnormal and no follow-up examination

was available were classified as unclear, or if M-modemeasurements

were in the gray zone (LVIDd 47.1–48.9mm, or LVIDs 38.1–

39.9mm). Increased SMOD measurements were considered false

positive, if M-mode values were still within the reference range after

41 year.

Measurement reliability was determined for EDVI and ESVI mea-

surements and for both, the right parasternal long-axis view, and the

left apical 4-chamber view. Ten echocardiograms were randomly

selected to be subjected to 3 repeated analyses by 1 investigator

(G.W.) to determine intraobserver measurement variability. The same

10 echocardiograms were subjected to independent repeated analyses

by a 2nd investigator (J.S.) to determine interobserver measurement

variability. Both investigators were unaware of the results of the prior

echocardiographic analyses. The effect of image acquisition (intra-

echocardiographer and interechocardiographer effect) was tested by

acquiring the right parasternal long-axis and left apical 4-chamber

view on the same day on 2 different occasions (about 5 hours apart)

of 10 Doberman Pinschers. The ultrasound examinations were

performed by 2 echocardiographers (G.W. and J.S.) at each time

point. The SMOD measurements were performed by 1 investigator

(G.W.) by measuring each variable 3 times on 3 consecutive cardiac

cycles by the recorded loops, and the mean value was used to deter-

mine the effect of intraechocardiographer and interechocardiographer

variability.

Statistical Analysis

All data were visually inspected and tested for normality by the

Kolmogorov-Smirnov test. Statistical analyses were performed by

computer software.f,g Data were normally distributed; therefore,

comparisons between SMOD measurements obtained from (1) the

right parasternal long-axis view and from (2) the left apical 4-chamber

Fig 1. Simpson’s method of disc measurements were performed on left parasternal apical 4-chamber view and using the right parasternal

long-axis view. Left ventricular area was measured by tracing the endocardial border in end-systole and end-diastole and maximal LV length

was measured from the mitral annulus to the endocardial border of the LV apex.
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view were evaluated by a paired t-test. Limits of agreement were

analyzed by Bland-Altman analysis.31 Standard error and 95% con-

fidence intervals were computed. ROC were used to calculate

optimal cut-off values for EDVI and ESVI to detect echocardio-

graphic changes. The intra- and interobserver coefficients of

variations (CV) for EDVI and ESVI measurements were calculated

by variance component analysis. The CV were obtained by dividing

the root of the variance error by the mean of the repeated measure-

ments and multiplying it by 100. A P-value o.05 was considered

statistically significant.

Results

A total of 969 examinations of 471 (249 female and 222
male) Doberman Pinschers fulfilled the inclusion criteria.
There was no significant difference between the right

parasternal long-axis view and the left apical 4-chamber
for EDVI (P 5 .49) and ESVI (P 5 .38). The Bland and
Altman scattergrams display the differences plotted
against average values of the EDVI and ESVI obtained
from the right parasternal long-axis view and the left api-
cal 4-chamber view (Fig 2). The limits of agreement are
shown as separate lines (�1.96 SD of the mean differ-
ence). The graphs show a good agreement between both
views. As there was no difference between both views,
modified biplane SMOD values for EDVI and ESVI
were calculated for further analysis as mean of the right
parasternal long-axis view and the left apical 4-chamber

view SMOD measurements (modified biplane EDVI and
ESVI). The reproducibility of SMODmeasurements was
very good for both intraobserver and interobserver mea-
surements. The effect of image acquisition on SMOD
measurements (intraechocardiographer and interecho-
cardiographer CV) was similar to the effect of
interobserver variability (Table 1).

For the calculation of SMOD reference values, 75
healthy Doberman Pinschers 48 years of age (mean
age, 9.01 years; median age, 8.75 years; female, 43; male,
32) with o50 VPCs/24 hours (mean number VPCs/24
hours, 8; median number VPCs/24 hours, 3) and normal
M-mode values were used. Only the last examination of
each dog was included for this analysis, even if the dog
had several examinations performed. Table 2 shows the
mean, median, and percentiles for EDVI, ESVI, and EF
for the modified biplane SMOD.

First, this older control population was used to calcu-
late optimal cut-off values for EDVI (495mL/m2) and
ESVI (455mL/m2) to detect echocardiographic changes
in Doberman Pinschers with DCM by ROC analysis.
The control group was then extended to include also
younger healthy dogs for the calculation of sensitivity
and specificity of these calculated cut-off values. There-
fore, the final control group included 610 examinations
of 317 healthy Doberman Pinschers (mean weight,
34.92 kg; mean age, 4.65 years, female, 186; male, 131)

Fig 2. Bland and Altman scattergrams of end-diastolic volume index (EDVI) and end-systolic volume index (ESVI) of 969 Doberman

Pinschers. The differences of the respective volume measurements, obtained from the right parasternal long-axis view and the left apical 4-

chamber view, are plotted against average values of both views. The mean difference of two measurements and the limits of agreement

(�1.96 SD of the mean) are shown as separate lines.

Table 1. Intraobserver and interobserver, as well as intraechocardiographer and interechocardiographer coefficients
of variation (CV) for end-diastolic (EDVI) and end-systolic (ESVI) volume measurements index to body surface area
measured by Simpson’s method of disc on the right parasternal long-axis view, and on the left apical 4-chamber view.

CV (%) Intraobserver CV (%) Interobserver CV (%) Intraechocardiographer CV (%) Interechocardiographer

EDVI right parasternal 2.7 5.2 6.2 6.5

ESVI right parasternal 3.6 5.3 6.1 5.7

EDVI left apical 3.1 4.9 5.6 5.8

ESVI left apical 3.3 5.9 5.1 5.4
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with normal M-mode and SMOD measurement. At the
time of the data analysis, 175 Doberman Pinschers had
abnormal M-mode and SMOD measurements. At previ-
ous examinations, evidence of DCM by use of M-mode
was present in 142/175 dogs. Elevated SMOD measure-
ment were present at the same previous examinations in
all 175/175 dogs. Table 3 shows the frequency of EDVI
and ESVI measurements that were abnormal at previous
examinations, in which M-mode values were still within
the normal range. Additional to the 142 dogs, in which
both methods (M-mode and SMOD) were elevated, 30
dogs had elevated SMOD measurements while M-mode
was normal (n 5 15), or in the gray zone between normal
and abnormal (n 5 15). Follow-up examinations after
1–2 years in 6 of these dogs showed that these Doberman
Pinschers did not deteriorate further on SMOD and still
had no evidence of M-mode abnormality. These dogs
were considered, therefore, as false positive results.
Twenty-four dogs were considered ‘‘unclear’’ at the final
examination for several reasons: 3 dogs with SMOD
measurements above the SMOD cut-off values were in
the M-mode gray zone, and in the remaining 21 dogs

with elevated SMOD measurements no follow-up exam-
ination was performed. Additionally, 154 dogs were
considered having ‘‘only VPCs,’’ as M-Mode measure-
ments were normal (n 5 145) or in theM-mode gray zone
(n 5 9). However, SMOD measurements were abnormal
in 19/154 dogs. Therefore, SMOD identified correctly
early echocardiographic changes in 33 dogs that only at a
later time point became abnormal according to M-mode
measurements, and in additional 19 dogs that had VPCs
but normal M-mode measurements (or M-mode values
in the gray zone).

Table 4 shows the sensitivity, specificity, and area un-
der the curve of the ROC-analysis for EDVI (495mL/
m2), ESVI (455mL/m2), and M-mode measurements
LVIDd and LVIDs to detect echocardiographic changes
in Doberman Pinschers with DCM. For LVIDd and
LVIDs 2 different cut-off values are given: (1) the cut-
off values from the literature indicating clear echocardio-
graphic changes (LVIDd 4 49mm, LVIDs 4 40mm)
and (2) including the cases in the echocardiography gray
zone (LVIDd 4 47mm, LVIDs 4 38mm). The ROC
analysis was performed 2-fold: (1) including the unclear
cases as healthy control, and (2) excluding those cases
from analysis. Sensitivity was identical in both analyses,
but specificity was higher when the unclear cases were
excluded from analysis. The calculation of sensitivity and
specificity revealed that SMOD measurements are more
sensitive to detect early echocardiographic changes
in Doberman Pinschers with DCM compared with
M-mode, even when the cut-off values for LVIDd and
LVIDs were lowered and when cases in the gray zone
were included. Specificity was good for both methods
(Table 4).

Discussion

The present study shows that the SMOD method to
measure EDVI and ESVI is superior to conventional
M-mode measurements in its ability to detect early echo-
cardiographic changes in Doberman Pinschers with
DCM. Echocardiography allows the noninvasive assess-
ment cardiac function. Estimates of LV volumes can be
determined from M-mode or 2D echocardiogram,
and these data may be used to calculate EF and stroke

Table 2. Modified biplane end-diastolic and end-systolic
volume reference values, measured by Simpson’s method
of disc, index to body surface area (EDVI and ESVI)
using 123 healthy Doberman Pinschers 45 years of
age.

EDVI (mL/m2) ESVI (mL/m2) EF (%)

Mean (�SD) 72 (8) 38 (6) 49 (6)

Minimum 56 24 27

Maximum 92 53 63

Percentiles

25 66 33 44

50 72 37 47

75 79 41 54

95 88 48 60

SD, standard deviation; ESVI, end-systolic volume index; EDVI,

end-diastolic volume index.

The modified biplane measurements were calculated as the mean

of EDVI, ESVI, and ejection fraction (EF) measured in the right

parasternal long-axis view, and the left apical 4-chamber view.

Table 3. Results ofM-mode and Simpson’s method of disc (SMOD) measurements at the final (last) examination, and
at previous examinations.

Final Examination

Previous Examinations

M-Mode and SMOD M-Mode Normal and

Normal Abnormal EDVI and ESVI Abnormal Only EDVI Abnormal Only ESVI Abnormal

Control 616 610 0 1 5 0

DCM ECHO 175 0 142 23 6 4

VPCs only 154 135 0 9 8 2

unclear 24 0 0 10 10 4

VPCs, ventricular premature contractions; EDVI, end-diastolic volume indexed to body surface area (BSA); ESVI, end-systolic volume

indexed to body surface area (BSA).

Cut-off values were495mL/m2 for EDVI and455mL/m2 for ESVI.
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volume. Whereas M-mode methods of volume determi-
nation sometimes have a poor correlation with
noninvasive methods and may not be clinically useful in
the presence of heart disease, volume determinations by
2D echocardiography images seem to be more accurate,
because they involve more direct measurements and
fewer geometric assumptions.26,32,33 The ASE currently
recommends the SMODmethod as the preferred method
of calculating LV volume in humans.26 Ideally, paired
orthogonal left apical views should be used. When 2
views are not possible, a single apical plane may be
used.26 The use of 1 plane in veterinary medicine is po-
tentially more accurate than in humans as regional
myocardial dysfunction secondary to myocardial infarcts
is less common in dogs compared with humans. Surpris-
ingly, there are only a few studies by SMOD measure-
ments in veterinary medicine, probably because of the
lack of published reference values for this method.32,34

Only a small study using 23 dogs had previously com-
pared right and left cardiac windows using the area-
length method to obtain LV volume measurements.35

Therefore, the present study is the 1st comparing SMOD
measured from the right parasternal long-axis view with
the left apical 4-chamber view in a large study popula-
tion. The present study shows that LV volume can be
measured in dogs either from right parasternal long-axis
view or from left-apical view, the right view being tech-
nically less demanding. The conformation of the canine
thorax permits excellent right parasternal long-axis im-
ages that appear to optimize LV lengths and volumes.
However, it is important to optimize the right paraster-
nal long-axis 4-chamber view in order to include the
anatomical LV apex, which occasionally might be tech-
nically challenging. The anatomical LV apex in a dog is
diaphragmatically located, and it is not imaged from the
left-apical view unless a modified view is used and the
length and the volume from this view may be underesti-
mated, particularly during diastole, especially in broad,
shallow chested dogs.35 In deep, narrow-chested dogs
like Dobermans this is less of an issue.35 However, from a

technical perspective, it is technically more demanding to
have the transducer in good contact with the thoracic wall
close to the sternum in deep, narrow-chested dogs like the
Doberman in order to image the LV from the felt apical
window. Less experienced echocardiographers might tend
to go dorsally (away from the sternum) to have a better
contact with the chest and have then the problem that they
truncate the LV apex. Nevertheless, SMOD should best be
measured using both views. Results from both views
should then be compared and either the higher value
should be used (as an overestimation of SMOD is not
possible), or the mean of both views can be calculated
to obtain amodified biplane result and used for assessment
of the case. Intraobserver and interobserver, as well as
intraechocardiographer and interechocardiographer re-
producibility of the SMOD method were very good and
comparable to a previous veterinary study reporting intra-
observer reproduciblity.32

Using a longitudinal study with follow-up examina-
tions enabled a unique study design, by providing follow-
up examinations in most dogs in which EDVI, ESVI,
or both were above the calculated cut-off value, while
M-mode values still were normal. Usually, if a new test is
evaluated against the current gold standard (in the case
of cardiomyopathy in Doberman Pinschers, echocardi-
ography and Holter examinations), it can only be as
good as the gold standard, but it cannot perform better
than the current test. A positive result using the new test
in a patient that is classified by the current gold standard
as ‘‘healthy’’ would be considered false positive, even if
the patient has the disease (but the gold standard was
unable to diagnose it at this time point). The present
study could prove that most abnormal SMOD measure-
ments became clearly abnormal according to M-mode
measurements at a later time. Six cases were considered
as false positive results, as M-mode did not become ab-
normal within 1–2 years. However, it might be possible
that some of these cases may not have been followed for
long enough and that they might show abnormal M-
mode values at a later time point, which would increase
the specificity of SMOD measurements.

There are different M-mode cut-off values to diagnose
DCM in Doberman Pinschers available in the literature,
but most studies are in accordance with the cut-off values
used in the present study to define DCM and to character-
ize the control group.4,7,11,18–20,36,h For the purpose of a
scientific study, usually only clearly normal and clearly ab-
normal dogs are included. However, a gray zone between
the defined normal and abnormal cut-off values often ex-
ists. The present study shows that the sensitivity of M-
mode measurements using the cut-off values of LVIDd 4
49mm and of LVIDs4 40mm was only 71.6 and 60.5%,
respectively, to detect early echocardiography changes. By
decreasing the cut-off values to LVIDd 4 47mm and
LVIDs 4 38mm, an increased sensitivity to 84.6 and
82.7%, respectively, could be reached, while specificity re-
mained very high. However, SMODEDVI and ESVI were
clearly more sensitive than M-mode, even when the lower
M-mode cut-off values were used. Interestingly, SMOD
was also abnormal in 19 dogs that were considered to only
have VPCs, asM-mode values were either normal or in the

Table 4. Sensitivity and specificity of end-diastolic vol-
ume index (EDVI) and end-systolic volume index (EDVI),
measured by Simpson’s method of disc (SMOD), and left
ventricular internal diameter in diastole (LVIDd) and sys-
tole (LVIDs), measured by M-Mode.

Parameter Cut-Off Sensitivity (%) Specificity (%) AUC

EDVI 495mL/m2 96.9 96.3 (98.7) 0.99

ESVI 455mL/m2 94.4 97.4 (99.5) 0.99

LVIDd 449mm 71.6 100 (100) 0.97

LVIDs 440mm 60.5 100 (100) 0.98

LVIDd 447mm 84.6 99.0 (99.5) 0.97

LVIDs 438mm 82.7 99.2 (99.7) 0.98

AUC, area under the curve.

Reference point to determine if a dog had echocardiographic

changes consisted with dilated cardiomyopathy (DCM) was the fi-

nal examination. Unclear cases without follow-up examination, but

abnormal SMOD results were (1) included in the control group

(false positive cases), or (2) excluded from analysis (specificity in

parenthesis). Sensitivity did not change excluding the unclear cases.
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echocardiographic gray zone. In the proposed guidelines
for the diagnosis of canine idiopathic DCM by the
European society of veterinary cardiology, SMOD mea-
surements have been mentioned as a method to measure
LV volumes, but no clear cut-off values were reported in
that manuscript. The report stated that an ESVI4 80mL/
m2 would be clearly abnormal, and an ESVI o 30mL/m2

has been suggested as normal.37 The ESVI cut-off values
established in the present study are higher than the (unref-
erenced) 30mL/m2, but lower than the 80mL/m2. It might
be therefore possible that either normal ESVI measure-
ments in Doberman Pinschers are higher compared with
other breeds, indicating an impaired systolic function,38 or
that the suggested ESVI o 30mL/m2 is too low. Further
studies establishing SMOD reference values in different
breeds should be performed, as currently no published ref-
erence values are available.
A limitation of this study is that follow-up examina-

tions were not available in all dogs with elevated SMOD
measurements. These dogs were therefore included in the
control group (as false positive results) for the purpose of
sensitivity and specificity calculations, which explains
why the specificity was ‘‘only’’ 96.4% for EDVI and
97.4% for ESVI. However, as some dogs may actually
have ‘‘true’’ early echocardiographic changes, these un-
clear cases without follow-up examination were excluded
in a 2nd statistical analysis and specificity increased to
99.0 and 99.2%, respectively. The calculation of SMOD
reference values included only dogs45 years of age with
o50 VPCs/24 hours on Holter examination. The reason
to include only older dogs was that DCM usually has a
late onset and chances that the dogs are truly healthy be-
come higher with increasing age. However, it cannot be
excluded that some of the dogs in the control group will
develop DCM at a later time. Additionally dogs were
deemed to be free of systemic disease based upon thor-
ough physical examination and unremarkable history,
but no blood work was obtained. Therefore, some dogs
might have had undetected systemic disease.
In conclusion, this study shows that the right paraster-

nal long-axis view can be used interchangeably or in com-
bination with the left apical 4-chamber view to obtain
SMOD measurements. Intraobserver and interobserver
respectabilities are very good for both EDVI and ESVI
measurements. Using 495mL/m2 for EDVI and
455mL/m2 for ESVI as cut-off values, SMODmeasure-
ments are superior to conventional M-mode measure-
ments to detect early echocardiographic changes in
Doberman Pinschers with DCM.

Footnotes

aO’Sullivan ML, O’Grady MR, Minors SL, et al. Occult dilated

cardiomyopathy in the Doberman Pinscher, a retrospective study

of prognosis in 163 cases. J Vet Intern Med 2005;19:406 (abstract)
bO’Grady MR. Echocardiogarphic findings in 51 normal Dober-

man Pinschers. J Vet Intern Med 1995;9:202 (abstract)
c Vivid 7 dimension, General Electric Medical System, Waukesha,

WI
dCusto tera, Arcon Systems GmbH, Starnberg, Germany

eAmedtech ECGpro Holter software, EP 810 digital Recorder,

Medizintechnik Aue GmbH, Aue, Germany
f SPSS for Windows, Version 13.0, SPSS Inc, Chicago, IL
gMedCalc, Version 8.1, Mariakerke, Belgium
hO’Grady MR, Minors SL, O’Sullivan ML, et al. Evaluation of the

efficacy of pimobendan to reduce mortality and morbidity in Do-

berman Pinschers with congestive dilated cardiomyopathy. J Vet

Intern Med 2003;17:440 (abstract)
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