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Radiographic Heart Size and Its Rate of Increase as Tests for
Onset of Congestive Heart Failure in Cavalier King Charles
Spaniels with Mitral Valve Regurgitation
P.F. Lord, K. Hansson, C. Carnabuci, C. Kvart, and J Häggström
Background: In canine mitral regurgitation (MR) the rate of heart enlargement increases in the last year before congestive heart failure (CHF). Measurement of heart size and its rate of increase may be useful tests for CHF in MR.
Objectives: To determine the value of vertebral heart scale (VHS) and its rate of increase (ΔVHS units/month) for diagnosing the presence and predicting the onset of CHF.
Animals: Longitudinal study of 94 Cavalier King Charles Spaniels (CKCS).
Methods: VHS was measured at intervals before CHF. ΔVHS/month was calculated from sequential pairs of VHS
measurements and the interval between them. Diagnostic accuracy and utility were determined by the areas under receiver
operating characteristic plots (AUROC), and likelihood ratios (LR).
Results: AUROC for VHS at the onset of CHF was 0.93 (95% CI, 0.96–0.90), to predict CHF 1–12 months before
CHF was 0.74 (95% CI, 0.81–0.66), and for ΔVHS/month at CHF was 0.98 (95% CI, 0.99–0.96). Interval LRs and their
cutoﬀ values for CHF were for VHS: 13 (95% CI, 20–7.3) at 12.7; 1.2 (95% CI, 2.0–0.68) between 12.7 and 12.0; 0.04
(95% CI, 0.18–0.01) at 12.0, and for ΔVHS/month: 15 (95% CI, 30–7.7) at 0.08; 0.72 (95% CI, 2.0–0.25) between 0.08
and 0.06; and 0.05 (95% CI, 0.13–0.02) at 0.06.
Conclusions and Clinical Importance: Under the conditions of this study, VHS and particularly ΔVHS/month are useful
measurements for detecting onset of CHF in CKCS with MR.
Key words: Diagnosis; Likelihood ratio; Vertebral heart scale.

itral valve regurgitation (MR) caused by myxomatous mitral valve degeneration (MMVD) is a
common disease of small dogs, causing morbidity and
mortality attributable to congestive heart failure
(CHF). Many dogs with murmurs never develop CHF
or do so only years after a MR murmur is heard.1,2
The diagnosis of CHF is not always straightforward.
The clinical and radiographic3 signs may not be deﬁnitive and comorbidity of respiratory diseases may
decrease the accuracy of diagnosis. It has not been
possible to predict if or when CHF will develop.
In a recent longitudinal study of 24 CKCS, values
of VHS and its rate of increase (ΔVHS/month) at
CHF were well separated from values before the onset
of CHF, but the number of dogs was insuﬃcient for a
statistically reliable evaluation of their use in diagnosing the onset of CHF.4 Yearly radiographic or echocardiographic monitoring recently was recommended
to evaluate for rapidly increasing size of the left atrium
as evidence of impending CHF,5 indicating awareness
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Abbreviations:
AUROC
CKCS
CHF
CR
LR
MMVD
MR
ROC
VHS
ΔVHS/month

area under the receiver operating characteristic curve
or plot
Cavalier King Charles Spaniels
congestive heart failure
coeﬃcient of repeatability
likelihood ratio
myxomatous mitral valve degeneration
mitral valve regurgitation
receiver operating characteristic
vertebral heart scale
increase of VHS units per month

of the clinical relevance of the rate of increase of heart
chamber size.
The receiver operating characteristic curve (ROC) is
the best single statistical method to evaluate a diagnostic test, as it incorporates all levels of speciﬁcity and
sensitivity and is independent of the prevalence of the
disease in the population.6–9 Although the area under
the ROC (AUROC) curve or plot is the best summary
of the accuracy of a diagnostic test,6–10 and AUROC
can be used to compare tests done on the same or similar patient groups, it cannot directly be used to determine the eﬀect of a test result on the individual
patient.11 Vertebral heart scale (VHS) as a measurement of heart size discriminated between CHF and
noncardiac causes of coughing in dogs with MR, with
an AUROC of 0.92.12 A value of 1.0 is a perfect test
and 0.5 is no better than chance. A diagnostic test
should be done when the pretest probability of the
condition being present is between thresholds for
treating the disease in question or ruling out the condition.10,13 A good test substantially changes the probability of the disease being present or absent compared
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to the probability before the test. The quantiﬁcation of
this change is the likelihood ratio (LR).6–8,10,11,13–15
The LR is the factor by which the pretest probability
of a disease being present or absent in a patient is
changed by a test result to give a post-test probability
and is the ratio of the probability that a speciﬁc test
result is obtained in a patient with or without the condition divided by the probability of obtaining the same
test result in a patient without or with the condition.
The use of LRs to calculate post-test probability is an
application of Bayes’ theorem.10,15,16
The hypothesis of this study was that the VHS and
its rate of increase could discriminate between the
onset of CHF and pre-CHF MR while monitoring
dogs yearly with radiography, and that VHS could
predict if a dog would develop CHF within a year of
the examination. The objectives were to determine
the accuracy of VHS and its rate of increase, using
AUROC plots and LRs. An additional aim was to
determine if sequential measurements of VHS had less
variability than random measurements.

Materials and Methods
VHS was measured on left lateral radiographs of 94 (56 males,
38 females) Cavalier King Charles Spaniels (CKCS) examined
sequentially at time intervals of 12 months from 1 to 5 times before
the dogs developed CHF and at the time of presentation for clinical signs of CHF, before any treatment for CHF was started. The
examinations were made as part of a previous study.2 All dogs in
the study that developed CHF and were radiographed at the onset
of CHF and at scheduled intervals before treatment were included.
The radiographs were taken at the 12 practices that participated in
the study. Quality of radiographs and criteria for pulmonary
edema were reviewed at annual meetings of the participants. In
addition, at the end of the study all radiographs were reviewed for
quality of exposure and positioning by 1 radiologist (KH), who
found that all were acceptable for measurement of VHS and
diagnosis of pulmonary edema. Dogs with comorbidities were
excluded. A diagnosis of the onset of CHF required (1) owners’
complaints of dyspnea, cough, exercise intolerance, and nocturnal
restlessness, (2) physical examination conﬁrming dyspnea, tachypnea, and loss of respiratory sinus arrhythmia on examination, and
(3) radiographic signs of pulmonary edema with cardiac and left
atrial enlargement, and exclusion of other causes of coughing or
dyspnea. Accurate diagnosis of pulmonary edema was aided by use
of the same exposure at each examination and comparison of lung
opacity with that of radiographs made previously. Pulmonary
edema was a requirement and conﬁrmed by blinded review of all
radiographs by 1 investigator (KH) at the end of the study. As further evidence of the correct diagnosis of the onset of congestive
heart failure, all dogs either responded to treatment for pulmonary
edema after the diagnosis of the onset of CHF, or CHF was conﬁrmed at necropsy if the dog was euthanized. Neither subjectively
evaluated degree of heart enlargement nor VHS was the criterion
for the reference standard of CHF as the end point. Forty-three
dogs were being treated with 0.25–0.50 mg/kg (mean ± SD,
0.37 ± 0.08 mg/kg PO daily) enalapril for the clinical trial for
which they had been recruited. No other treatment was given until
after the radiographs at onset of CHF had been made.
VHS was measured by a slight modiﬁcation17 of the original
method,18 to improve the precision of the anatomical points for
measurement. The starting point for the short axis was the middle of the caudal vena cava where it joined the heart. The long
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axis was measured from the ventral border of the left cranial lobe
bronchus seen in cross-section (end-on). When it was not clear
which was the left bronchus, the more cranial bronchus was chosen. All VHS measurements of each dog were made by 1 investigator (PL) 3 times at 1 occasion, and the result averaged. For all
but the 1st radiograph of each sequence of radiographs, the anatomic points used on the preceding radiograph for measurement
of the axes provided a guide to consistent location of the anatomic points for each following radiograph.
To determine if accuracy of measuring improved with experience (i.e, a learning eﬀect), an experienced (PL) and inexperienced (CC) observer measured VHS 4 times each on sets of
sequential radiographs of 6 of the dogs in this study (a total of
78 radiographs), with an interval of at least 4 weeks between
measuring the sets. The inexperienced person was given written
instructions only, as described.17 The radiographs were then randomized and the same observers measured them twice, with an
interval of at least 4 weeks between measurements. For each
observer, the coeﬃcients of repeatability (CR)19 of sequential
pairs of measurements (1–2, 2–3, 3–4) and the pairs of random
measurements were calculated. The interobserver CR of the 2
observers was calculated by comparing all pairs of sequential
measurements made by the two observers. The intraclass correlation coeﬃcient (ICC) of the sequential measurements was calculated for each observer.
Rate of increase of VHS was calculated as ΔVHS/month by
dividing the diﬀerence between every consecutive pair of VHS
values at each interval between measurements by the number of
months of the interval. In serial measurements of a group of
patients, the rate of change of a measurement may be calculated
as a summary statistic from each patient’s data, and analyzed as
though it were raw data.20
The possible eﬀect of treatment with enalapril on VHS at
CHF and ΔVHS/month at the last time interval was evaluated by
the Mann–Whitney U-test for non-normally distributed independent samples with statistical signiﬁcance set at P < .05. Because
males had a statistically insigniﬁcant tendency to a more rapid
progression to CHF than did females,2 we compared ΔVHS/
month for males and females using the same test. Because treatment with enalapril had no eﬀect on VHS (P = .19) or ΔVHS/
month at CHF (P = .77) and sex did not aﬀect ΔVHS/month at
CHF (P = .70), all dogs were treated as 1 group in all subsequent
analyses.
The following data were used to produce results for 5 tests:
1. VHS at onset of CHF (time 0) compared with all pre-CHF
VHS (at times 1–5).
2. VHS at onset of CHF compared with VHS measured at
the last scheduled examinations before CHF (time 1), all of
which were at 1 year before CHF. This was likely to be a
more diﬃcult discrimination than Test 1, because the mean
VHS of the negative group at time 1 would be higher than
the mean VHS of the negative group in Test 1, in which the
negative group encompassed durations up to 5 years before
CHF. Test 2 was done to see how much VHS lost accuracy
when the dogs in the negative group were near onset of CHF
and their hearts were larger than in Test 1.
3. VHS at time 1 compared with the VHS at times 2–5.
Because time 1 was designated as a positive result, this test
predicted onset of CHF within the interval time 1 (less than
1 year to onset of CHF), compared to all dogs at times 2–5.
4. ΔVHS/month at onset of CHF compared with all pre-CHF
ΔVHS/month.
5. ΔVHS/month at onset of CHF compared with ΔVHS/
month at interval 1, the second last interval before CHF. This
is a more diﬃcult test, because only dogs within 1 year of
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onset of CHF were included in the negative group and
ΔVHS/month would be closer to the values at CHF than
when all dogs without CHF were included. Test 5 was done
to see how much ΔVHS/month lost accuracy as the dogs in
the negative group approached onset of CHF and ΔVHS/
month would be expected to be higher than in Test 4.

Statistical Methods
ROCs were plotted for tests 1 and 3–5 using a method that
accounts for the repeated measurement of VHS and ΔVHS/
month of the same dog over time to monitor for the occurrence
of the event of CHF, and a variable number of measurements
per individual, with only 1 possible observation with true positive
disease status (CHF).21 This method decreases the variance of
the test compared with using only 1 time point. Test 2 had only
positive values at time 0 and only negative values at time 1, so
the method of DeLong22 was used instead. The 95% conﬁdence
intervals (CI) of the AUROC were calculated by the jackknife
method.23
LRs can be derived by dichotomizing the results at a chosen
cutoﬀ point, usually at the maximum Youden index (J = Sensitivity + Speciﬁcity 1) where the vertical distance between the
ROC curve and the diagonal or chance line connecting (0,0) and
(1,1) is maximal,7,9 or the point closest to the top left corner of
the graph. Unless the test is very accurate, dichotomizing continuous results loses information,10,11,24–26 as values near the cutoﬀ
value are as equally weighted as are values near the extremes of
the range, which is misleading. The range of continuous values
on the ROC plot between clinically useful intervals can be used
to calculate interval LRs,24,25,27 which separate the values at the
steepest and ﬂattest parts of the plot that give the most reliable
information (interval 1 and 3) from the intermediate interval
(interval 2) which comprises inconclusive values.
Dichotomous and interval LRs and their 95% CI at cutoﬀ
values based on the shape of the ROC plots of VHS and
ΔVHS/month were calculated for tests 1, 3, and 4. The optimal
cutoﬀ value for the dichotomized tests was chosen for tests 3
and 4 at the highest Youden index. For test 1 we used a value
that equalized sensitivity and speciﬁcity and still was close to
the maximum Youden index, which gave a value (12.8) that
gave high speciﬁcity at the expense of sensitivity. By using the
range of continuous values on the ROC plot, the cutoﬀ points
at clinically useful intervals were used to calculate interval LRs.
Two natural breaks in the plot were selected to make 3
intervals: Interval 1: (0,x), Interval 2: (x,y) and Interval
3: (y,1).24,25,28 LRs for each interval and their 95% CIs were
calculated.27
ROCs and AUROCs with their 95% CIs were calculated using
a macro21 for SAS.a All other statistics were calculated with
Medcalc for Windows 11.4©.b

Results
The values of VHS at the times of examination and
ΔVHS/month at each of the time intervals are shown
as box plots (Fig 1). The time intervals were consistently close to the scheduled 1 year except for the last
interval before the onset of CHF. This was shorter
than 1 year and more variable because the dogs were
presented with CHF at variable times before the next
scheduled examination. VHS steadily increased until
the last measurement when it was highest. ΔVHS/
month did not increase until the last interval, which
ended with the onset of CHF.

Fig 1. Box and whisker plots of vertebral heart score (VHS) of
94 dogs (A) and rate of change of VHS (ΔVHS/month) in 93
dogs (B) at each measurement before the onset of congestive
heart failure. The number near the box is the number of dogs.
Small black squares are outliers. The central box represents the
values from the lower to upper quartile (25–75 percentile). The
middle line represents the median. The vertical line extends from
the minimum to the maximum value, excluding outliers. The broken lines in (A) are the mean ± 2 SD of 10 normal Cavalier King
Charles Spaniels.17 The median VHS for all values before onset
of CHF was 11.5 (95% conﬁdence interval CI, 11.3–11.6). The
median VHS at CHF was 13.3 (95% CI, 13.1–13.4). The median
ΔVHS/month of all values before CHF was 0.03 (95% CI, 0.02–
0.03). At CHF the median was 0.17 (95% CI, 0.15–0.19). The
5th time and 4th interval were omitted as they had only 4 dogs.

The ROC plots for tests 1, 3, and 4 are shown in
Figure 2. The AUROC for all of the tests and their
related statistics are listed in Table 1. Diﬀerences in
AUROC between tests 1 and 2, and 4 and 5 were not
signiﬁcant (P > 0.05).
The LRs, their cutoﬀ values, and CIs for tests 1, 3,
and 4 are shown in Table 2. Moving indeterminate
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values to Interval 2 (x,y) did not increase the 95% CIs
of the useful interval LRs (0,x) and (y,1) (Intervals 1
and 3). VHS/month had a much smaller intermediate
range (Interval 2) than did VHS (Fig 2).
Sequential paired comparisons for 2 observers
showed no decrease from the 1st to the 4th examination (Table 3), indicating that no learning eﬀect was
found, and the ICC could be applied to compare the
observers. The inexperienced observer’s results were as
good as those of the experienced observer. ICC for
sequential measurements of VHS for both the experienced and inexperienced observers were close, with
overlapping CI (Table 3).

Discussion
The value of the AUROC as a criterion of the accuracy of a test has been stated as being low, 0.5–0.7;
moderate, 0.7–0.9; or high, >0.9.13 Thus, tests 1, 2, 4,
and 5 were highly accurate. The AUROCs of tests 2
and 5 showed that VHS and ΔVHS/month still were
highly accurate tests when the diﬃculty of discriminating between pre-CHF and onset of CHF increased,
when the negative dogs were within a year of onset of
CHF. However, their 95% CIs were greater because of
more overlapping of results and fewer samples in the
negative groups. These 2 tests cannot be used on
patients because the time to CHF cannot be known.
Test 3 was moderately accurate, but the CIs were wide
(AUROC = 0.74, 95% CI, 0.81–0.66).

Eﬀect of Sequential Measurement on VHS
Variability
The results in Table 3 suggest that variability of
VHS is not improved by experience. The greater mean
diﬀerence of the pairs of random measurements indicates that sequential measurements slightly decreased
variability. Variability of VHS and ΔVHS/month
should be investigated using more observers.

Likelihood Ratios
Because the scaling of LRs is logarithmic, LRs of
>10 or <0.1 make a large and often conclusive change
in pretest probability and the diagnosis, LRs between
5 and 10, and 0.1 and 0.2, cause moderate changes in
the pretest probability, LRs between 2 to 5 and 0.5
and 0.2 generate small changes, and those between 0.2
and 0.5 have very little eﬀect on pretest probability.13
In this study, VHS dichotomized at 12.4 units had a
LR+ of 7.3 and a LR of 0.15 units (Test 1, Table 2).
Using interval LRs improved the LRs of the tests to
13 and 0.04, because indeterminate values were moved
to Interval 2. For Test 3, the wide CIs caused by fewer
observations in the 3 intervals brought the limits of
LRs of Intervals 1 and 3 too close to 1.0 (Table 2) for
them to have a useful eﬀect on diagnosis, particularly
considering the diﬃculty of determining the pretest
probability of a dog with an enlarged heart but without clinical signs developing CHF within a year.

Fig 2. ROC plots for tests 1, (A), 3, (B), and 4, (C). The number on the plot closest to the top left corner of the graphs (1,0),
is the cutoﬀ value for a dichotomized test. The broken lines are
the intervals from this cutoﬀ value to the lower left (0,0) and
upper right (1,1) coordinates. The 2 other numbers are cutoﬀ
values selected at the changes in slope of the plot, creating 3
intervals of the plot (white lines). The area under the diagonal
dashed line from (0,0) to (1,1) is 0.5 of the total area, and the
line indicates a test no better than chance. The gray zone shows
the 95% CIs of the ROC plots.
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Table 1.

Accuracy of the 5 tests expressed as area under the receiver operating characteristic plots.

Test Number
1
2
3
4
5

Method

Sample Size

VHS at CHF versus all pre-CHF
VHS versus <1 year to CHF
VHS <1 year to CHF versus all >1 year to CHF
ΔVHS/month at CHF versus all pre-CHF
ΔVHS/month at CHF versus <1 year to CHF

AUROC Plot

95% CI

0.93
0.91
0.74
0.98
0.96

0.96–0.90
0.94–0.85
0.81–0.66
0.99–0.96
1.00–0.93

94+/227
94+/93
93+/134
93+/134
93+/73

AUROC, area under the receiver operating characteristic plot as fraction of total possible area; VHS, vertebral heart scale; CHF,
congestive heart failure; CI, conﬁdence interval; ΔVHS/month, rate of increase of VHS per month.

Table 2. Likelihood ratios of tests 1, 3, 4 at the cutoﬀ points shown on Figure 2.
Test
1. VHS at CHF dichotomized
1. VHS at CHF, Interval 1
Interval 2
Interval 3
3. VHS <1 year before CHF, dichotomized
3. VHS < 1 year before CHF, Interval 1
Interval 2
Interval 3
4. ΔVHS/month at CHF, dichotomized
4. ΔVHS/month at CHF, Interval 1
Interval 2
Interval 3

Cutoﬀ Value

Number Positive

>12.4
<12.4
12.7
12.7–12.0
12.0
>11.6
<11.6
12.3
11.2–12.3
11.2
>0.07
<0.07
0.08
0.06–0.08
0.06

82
12
75
16
3
57
36
27
49
17
87
6
84
5
4

Number Negative
27
200
18
33
176
31
103
8
49
77
10
124
8
10
116

LR

95% CI

7.3 (LR+)
0.15 (LR )
13
1.2
0.04
2.7 (LR+)
0.50 (LR )
4.9
1.4
0.32
13 (LR+)
0.07 (LR )
15
0.72
0.05

10.5–5.1
0.25–0.09
20–7.3
2.0–0.68
0.18–0.01
3.8–1.9
0.66–0.38
10–2.3
1.9–1.1
0.5–0.20
23–6.9
0.15–0.03
30–7.7
2.0–0.25
0.13–0.02

VHS, vertebral heart scale; LR, likelihood ratio; CI, conﬁdence interval.
LR+ and LR are applied only to dichotomized data. The positive and negative numbers were used in a 2 9 2 (dichotomized) and
2 9 3 (interval) matrix to calculate LRs. The precision of the LRs varies according to the magnitude because the scale is logarithmic.

Table 3. Statistics of comparison of sequential and random measurements of vertebral heart scale by an experienced and an inexperienced observer.

Coeﬃcient of
Repeatability
Inexperienced
observer
Experienced
observer

Sequential
1–2

Sequential
2–3

Sequential
3–4

Random

0.66

0.65

0.72

0.76

0.60

0.78

0.58

0.69

Inexperienced versus
Experienced Observer
(sequential
measurements)

ICC for Sequential
Measurements
(single measures)
0.933 (95% CI, 0.888–0.959)

0.90

0.943 (95% CI, 0.92–0.96)

ICC, intraclass correlation coeﬃcient.
The coeﬃcient of repeatability is for comparisons between sequential paired measurements from 1 to 4.

ΔVHS/month values (Test 4, Table 2), when dichotomized at 0.07, were 13 (LR+) and 0.07 (LR ), and
improved slightly by using intervals of 0.08 and
0.06 to 15 and 0.05, with minimal increase in the
CIs. Because this test was already excellent, only a
small interval of indeterminate values (>0.06 and <0.08
VHS units/month) needed to be removed. In practice,
2 decimal points is the limit of accuracy, so 0.07 is the
indeterminate value. Values of ΔVHS/month 0.08 or
0.06 have a large eﬀect on pretest probability of
CHF.
In tests 1, 3, and 4, Intervals 1 and 3 were farther
from the neutral value of 1.0 than that of the dichoto-

mized LR+ and LR , evidence of the superiority of
interval LRs over dichotomized LRs. Despite fewer
observations, the removal of indeterminate values into
Interval 2 did not lower the accuracy of the tests for the
onset of CHF. As expected from the design, the 95%
CIs of the LRs of Interval 2 of tests 1, 3, and 4 were in
the range considered to have little eﬀect on the pretest
probability. Important principles when selecting cutoﬀ
values for interval LRs are that the CIs of interval LRs
should not overlap substantially, the LRs must be
monotonic (in increasing or decreasing order), and that
indeterminate interval LRs should have CIs that include
1.0.11,27 The interval LRs fulﬁlled these criteria.
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systematic between-dog variations in VHS caused by
breed and anatomical diﬀerences, including stable disk
degeneration shortening the thoracic spine, and interreader variations in choosing anatomical points for
measurement. These are likely even when the criteria
are clearly stated.17 Although ΔVHS/month is likely to
remain accurate when used with other breeds, this
hypothesis has to be evaluated. The rate of change of
a dimension is its velocity, regardless of the units.
Hence, we propose the term “VHS velocity” rather
than “rate of change” or “rate of increase.”

Example of Use of LRs in a Hypothetical Patient

Fig 3. Example of use of and likelihood ratios (LR) and a
nomogram31 with VHS velocity to determine 2 post-test probabilities from a pretest probability of 70%. In Example 1
(bracket 1), when the VHS velocity is 0.09 units/month or greater
(Interval 1), the LR is 15 (95% conﬁdence interval CI, 30–8)
(Table 2). By drawing a straight line (solid line) from the pretest
probability of 70% on the left scale, through the LR of 15 in the
middle scale and extending it to the scale on the right, the posttest probability is shown as 97% (95% CI, 99–95%). Dashed
lines are 95% CIs. In Example 2 (bracket 2), in which VHS
velocity is 0.04 ΔVHS/month (Interval 3), the LR is 0.05 (95%
CI, 0.13–0.02) (Table 2). The post-test probability is now 10%
(95% CI, 25–4%). Note that the scales are logarithmic.
Copyright © 1975 Massachusetts Medical Society. All rights
reserved.

We used LRs to evaluate the tests rather than the
more common speciﬁcity and sensitivity at selected
cutoﬀ values because LR incorporates both sensitivity
and speciﬁcity. Sensitivity and speciﬁcity evaluate the
test given the patient’s status, whereas the clinician
needs to know the patient’s status given a test
result.11,29 Predictive values are highly dependent on
the prevalence of the condition, and prevalence is not
the same in the test population as in the real population. LR is independent of prevalence, this being estimated separately as pretest probability in an
individual patient.11 LR reﬁnes the clinical judgment
when the pretest probability is in the uncertain range
where the diagnosis is not excluded and yet is not
certain enough to treat the patient.30 Subjective
ordinal terms used clinically such as low, intermediate, and high probability can be converted to
ranges of numerical probabilities.6,29,30 Finally, interval LRs improve accuracy by removing indeterminate
values.6,10,24–27
Diﬀerentiating VHS by time has advantages for use
in breeds other than CKCS. Diﬀerentiation removes

A 10-year-old CKCS has been monitored yearly for
3 years, according to the recommendation of the
ACVIM Consensus Statement for MR,5 because of a
MR murmur and enlarged heart on radiographs.
Seven months after the last scheduled examination it is
radiographed for clinical signs compatible with CHF.
The veterinarian estimates that the dog’s pretest probability of CHF being present is 70%, because the clinical signs were not speciﬁc and the radiographs,
although ruling out radiographically apparent comorbidities, were inconclusive for pulmonary edema. This
value represents “probably has CHF” on an ordinal or
categorical scale. ΔVHS/month is measured from the
2 sets of radiographs 7 months apart.
Bayes’ theorem requires the conversion of probabilities to odds and back, because the post-test odds of
disease equal the pretest odds times the LR. Instead of
these calculations, a simple nomogram31 is used
(Fig 3). In Example 1, a VHS velocity of 0.09 units/
month (Interval 1) gives a LR of 15 (95% CI, 30–7.7)
(Table 2). The post-test probability using the nomogram is 97% (95% CI, 98–95%). The lower CI limit
of 95% probability of CHF is above a reasonable
threshold to treat this patient. In Example 2, a VHS
velocity of 0.04 ΔVHS/month (Interval 3) gives a LR
of 0.05 (95% CI, 0.13–0.02) (Table 2). The post-test
probability is 10% (95% CI, 25–4%). The upper 95%
CI limit of 25% should be considered when evaluating
the result. CHF probably cannot yet be ruled out.
Post-test probability is highly dependent on pretest
probability, which is not assessed accurately by physicians.32,33 The same is likely to be true of veterinarians,6,14 and is a limitation of all tests except those few
that are so accurate that they can rule in or rule out a
diagnosis regardless of the pretest probability.34,35

Limitations of the Study
Selection of Patient Material. The VHS results are
aﬀected by spectrum bias8,13 in that the spectrum of
patients was limited to 1 breed, and breeds vary in
their reference ranges of VHS.36–38 VHS in other
breeds is biased by the diﬀerence between the normal
VHS of the other breed and CKCS. This is a systematic bias and the precision is not likely to be
decreased.39 A correction factor of the diﬀerence
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between the mean value of normal VHS for the breed
in question and CKCS could be evaluated. The left lateral view was used. If the right lateral projection is
used a systematic bias of 0.2–0.3 VHS units between
the left lateral and right lateral projections40 must be
taken into account. VHS is increased by congenital
malformations shortening the vertebrae, and disk
degeneration narrowing the disk space. Other causes
of dog and breed variability would decrease the accuracy of VHS.
VHS velocity is not aﬀected by between-dog variations, but is increased by progression of disk degeneration during the period of monitoring. This variation
may be avoided by always normalizing the heart
dimensions of each radiograph with the vertebrae
on the ﬁrst radiograph of the series rather than the
vertebrae on the measured radiograph. It is possible,
but has not been shown, that breed aﬀects the rate of
progression of MMVD and MR before the onset of
CHF.
Determination of the Onset of CHF. Although we
used all available clinical and radiographic criteria,
with later review of the radiographs by 1 blinded radiologist, there could have been errors, most likely
delayed diagnoses, because clinical signs of CHF had
to be veriﬁed by radiographic signs of pulmonary
edema.2 If the same criteria for the onset of CHF
(both clinical and radiographic signs present) are
accepted as an accurate reference standard, VHS
velocity would be an accurate surrogate for them.
Comorbidities. Although we included a spectrum of
dogs with diﬀerent degrees of MR in the negative
groups, comorbidities in dogs with MR murmurs that
cause cor pulmonale, such as chronic bronchitis, bronchiectasis, heartworm disease, collapsing trachea or
bronchus were excluded. To the degree that right ventricular enlargement of cor pulmonale would increase
the short axis for VHS measurement, increasing VHS
caused by progressive cor pulmonale with MR present
would increase the proportion of false positives. Comorbidities may be evaluated by clinical and radiographic criteria to reﬁne the pretest probability of
CHF being the cause of the clinical signs compatible
with CHF.
Measurement Variability. One experienced observer
was used. Interobserver variability of experienced users
of VHS was not measured. If the variability of inexperienced observers is greater than that of experienced
observers, the tests may be less accurate when applied
by an inexperienced observer.13 However, the variability of an inexperienced observer may not be greater
(Table 3).17 Measurement error (intraobserver variability) of the averaged 3 measurements of VHS was
incorporated in the 95% CIs. Systematic bias39
between observers caused by choice of landmarks will
aﬀect accuracy of VHS17 but not of VHS velocity. The
apex is sometimes not clearly deﬁned and the long axis
can then only be approximated. Another source of
variation in practice could be greater inconsistencies in
positioning for radiography than in this study, aﬀecting the measurements. Variability of measurement and

ways to decrease it are areas for further investigation.
Even with careful corrections and measurements, neither test is likely to be as accurate in a heterogeneous
group of dogs with MR.
Finally, the test has not yet been validated on a 2nd
independent group of patients in a prospective cohort
study.13

Conclusions
VHS is a useful test for onset of CHF in CKCS not
yet treated for CHF. VHS velocity is an accurate test
for onset of CHF when monitoring untreated CKCS
with MR with yearly examinations and it is likely to
be applicable to other breeds. Cutoﬀ values of 0.08
and 0.06 VHS units/month had large eﬀects on pretest probability of onset of CHF. The results warrant
further evaluation of these indices in a more heterogeneous group of dogs with MR.

Footnotes
a
b

SAS 9.2 Software. SAS Institute Inc, Cary, NC
MedCalc© Software Version 11.4, Mariakerke, Belgium 2009
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