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Radiographic diagnosis of pulmonary oe-
dema has been used as the sole criterion 
of HF in clinical studies ( Atkins and oth-
ers 2007, MacDonald and others 2003 ), 
in clinical trials with multiple readers at 
different hospitals ( Atkins and others 
2007 ) or as part of a modifi ed New York 
Heart Association (NYHA) classifi cations 
( Häggström and others 2000 ).  Lamb and 
others (2000)  found that experience im-
proved the accuracy of diagnosing HE. 
However, only one reader represented 
each level of experience. Diagnosis of LAE 
may be more reliable than of HE ( Kittle-
son and Kienle 1998b ). Criteria for deter-
mining HE, LAE and HF are similar in 
the literature, but are subjectively applied, 
and affected by positioning, exposure and 
individual variations among dogs. The 
aim of the present study was to investigate 
the accuracy of readers compared with ex-
pert consensus diagnosis and the variabil-
ity among readers of varying experience 
in subjective evaluation of HE, LAE and 
signs of HF in dogs with MR.   

 MATERIALS AND METHODS 

  Materials 
 Fifty sets of left lateral and ventrodorsal 
(VD) thoracic radiographs of privately 
owned unsedated cavalier King Charles 
spaniels from one to 12 years of age were 
selected from a large number of examina-
tions as part of several studies on progres-
sion and treatment of MR in cavalier King 
Charles spaniels ( Häggström and others 
1997,   Hansson and others 2002, Kvart 
and others 2002 ). The sets of fi lms were 
assigned by two of the authors (K. H. and 
P. L.) in a consensus opinion to one of 
the fi ve following classes, 10 sets in each 
class: normal, normal cardiopulmonary 
structures; I, slight LAE and slight general 
HE; II, moderate HE and LAE without 
HF; II+, moderate HE and LAE with 
HF; III+, severe HE and LAE with HF 

   INTRODUCTION 

 Thoracic radiographs are important in 
assessing the severity of mitral regurgita-
tion (MR) caused by myxomatous mi-
tral valve disease by determining general 
heart enlargement (HE) and left atrial 
enlargement (LAE), and presence of pul-
monary oedema as evidence of left-sided 
heart failure (HF) ( Häggström and others 
1997, Kittleson and Kienle 1998a, Lord 
and Suter 1999, Sisson and others 1999 ). 

  O BJECTIVES  :     To measure accuracy and variability of diagnosis by

radiography of heart enlargement (HE) and heart failure (HF) in 

mitral regurgitation (MR).  

 M ETHODS  :     Sixteen readers representing four levels of experience 

evaluated 50 sets of radiographs with varying severity of MR for 

presence or absence of HE, left atrial enlargement (LAE) and HF. 

The performance of the readers was compared with a reference 

standard, using area under the curve (AUC) of receiver operating 

characteristic (ROC) curves. The interreader agreement value kappa 

(K) was calculated. A subset of diffi cult cases of HF was analysed 

before and after removing an outlying reader from each group.  

 R ESULTS  :     AUC for HE was 0·89, for LAE it was 0·93 and for HF it was 

0·92. Experience increased certainty of diagnosis but not accu-

racy. K ranges were HE, 0·53 to 0·67; LAE, 0·61 to 0·69 and HF, 

0·49 to 0·58. When only diffi cult cases of HF were read, accuracy 

decreased and experienced readers performed better than inex-

perienced. When outlying readers were excluded, the differences 

between experienced and inexperienced readers increased.  

 C LINICAL  S IGNIFICANCE  :     LAE, not HE, should be used to evaluate the 

heart size and indirectly the severity of MR on radiographs. For HF, 

agreement among individual readers was only moderate. Studies of 

reader accuracy should consider the effects of interreader

variability.   
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( Table 1 ). The clinical evaluation made at 
radiographic examination included physi-
cal examination, auscultation of the heart, 
electrocardiography, thoracic radiography 
and echocardiography. All dogs were ra-
diographed at the University Animal Hos-
pital. All radiographs were exposed at peak 
inspiration or as close as possible to peak 
inspiration, using the same exposures for 
each dog and standard automatic process-
ing. In all dogs with a heart murmur, LAE 
and HE, echocardiography confi rmed the 
cause to be MR caused by myxomatous 
mitral valve disease. Radiographs with 
uncommon thoracic conformation and 
extreme obesity were excluded.   

 Reference standards for HF 
 Two authors classifi ed the radiographs 
using the radiographic criteria given in 
 Table 1 . The determination of whether or 
not HF was present was based on the pres-
ence of all three of:     

1   Radiographic signs of pulmonary oe-
dema: the criteria were greater than 
normal background opacity reducing 
the contrast between lung interstitium 
and pulmonary vessels, and in severe 
cases, presence of air bronchograms. 
The radiographs were compared with 
those made on previous examinations 

no more than six months before the 
current one and with radiographs made 
after treatment. For the diagnosis of oe-
dema to be made, the radiographs had 
to have greater diffuse opacity and less 
contrast between background and lung 

vessels than the preceding or following 
ones.     

2   Clinical evidence of HF: clinical evidence 
came from owners’ statements concern-
ing dyspnoea on exertion, cough, noctur-
nal restlessness and exercise intolerance,

Table 2. The frequency of use of radiological signs for each diagnosis as
reported by the readers. Most of the radiological signs were used

Diagnosis Radiological sign used Number of
observers using 

the sign

Heart enlargement Impression of a relative increase in
cardiac length and width

10

Dorsal displacement of the trachea 9
Comparison with the number of intercostal 

spaces covered by the heart
7

Round cardiac silhouette 5
Straight caudal margin 3
Cardiac width exceeding two-third of the

width of the thoracic cavity
3

Reversed “D” shape 1
Vertebral heart scale measurement 1
Decreased distance between the heart

and the diaphragm
1

Left atrial enlargement Dorso-caudally located bulging soft tissue
opacity on the lateral view

16

Left side bulge on the VD view 13
Dorsally displaced trachea and left main 

bronchus
13

Heart failure Increased opacity in the caudo-dorsal
lungfi eld

16

Dilation of pulmonary veins 13
General cardiomegaly 3
Enlarged left atrium 2

VD Ventrodorsal

Table 1. Radiological criteria used to classify heart enlargement and failure for reference standard

Class Left atrial enlargement General heart enlargement: normal 
group VHS

Heart failure: vascular structures and 
pulmonary parenchyma

I Lateral view: straight caudal border 
or slight concavity at the level of
atrioventricular junction. Minimal 
dorsal deviation of left main stem 
bronchus on lateral view. VD view: 
normal

Increased width of ventricular area 
with a rounded apex on lateral and 
VD view

Normal

II Lateral view: straight caudal border. 
Dorsal deviation and slight
compression of left main stem 
bronchus VD view: with or without 
bulging left atrium on left side

Trachea dorsally displaced but not 
more than parallel to the spine 
on lateral view. Increased width of 
ventricular area with a generally 
rounded appearance on both lateral 
and VD view

Normal

II+ Lateral view: straight caudal border. 
Dorsal deviation and slight
compression of left main stem 
bronchus. VD view: with or without 
bulging left atrium on left side

Trachea dorsally displaced but not 
more than parallel to the spine 
on lateral view. Increased width of 
ventricular area with a generally 
rounded appearance on both lateral 
and VD view

Diffuse opacity mainly in the caudal
lung lobes. Possibly dilated
pulmonary veins. Possibly air
bronchograms

III+ Lateral view: obvious dorsal deviation 
and compression of left main stem 
bronchus on lateral view. VD view: 
bulging left atrium on left side

Trachea dorsally displaced, towards 
the spine on lateral view. Heart 
silhouette occupying the majority of 
the thoracic cavity on both lateral 
and VD views

Diffuse opacity mainly in the caudal
lung lobes. Possibly dilated
pulmonary veins. Possibly air
bronchograms

VD Ventrodorsal
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and on physical examination, tachycar-
dia (heart rate >140 beats per minute), 
tachypnoea (respiration rate >28 breaths 
per minute), loss of sinus arrhythmia 
( Häaggström and others 1996 ), dys-
pnoea and increased lung sounds typi-
cal for oedema.     

3   Response to treatment with furose-
mide, evaluated by owner’s opinion, 
and clinical and radiographic examina-

tions. If the radiographs were equivocal 
for pulmonary oedema, the cardiolo-
gists’ clinical evaluation determined the 
decision to treat the dog.    

Each set of radiographs was assigned a 
random number between 1 and 50 and 
sorted according to number. The material 
consisted of 320 (20 sets, 16 readers) true-
positive sets of HF (classes II+ and III+) 

and 480 (30 sets, 16 readers) true-negative 
sets of HF (classes 0, I and II) and 640 true-
positive sets of HE and LAE (classes I, II, 
II+ and III+) and 160 true-negative sets of 
HE and LAE (class 0). They were presented 
in the same random order to all readers.  

  Readers 
 The groups of readers represented four 
levels of experience with four individuals 
per level. The experience levels were (1) 
radiologists, European Diplomates in Vet-
erinary Diagnostic Imaging each from a 
different country; (2) internists, small ani-
mal clinicians with more than 15 years of 
experience, each from a different practice 
in Sweden; (3) trainees, clinicians enrolled 
in a three year national (Swedish) training 
programme towards specialisation in ca-
nine and feline diseases, all in their second 
or third year of training, each from a dif-
ferent practice and (4) students, fi fth year 
veterinary students who volunteered to 
participate, and whose education in small 
animal medicine and radiology took place 
in the fourth year.  

  Instructions to readers 
 The 16 readers evaluated the radiographs 
following instructions presented immedi-
ately before the evaluation. The readers 
were informed of the breed and that the 

FIG 1. Reader confi dence for diagnosing heart enlargement (HE). The true frequency was 40 
negative and 160 positive diagnoses. (A) Confi dence related to class of radiograph. Radiologists 
and internists were more defi nite in their diagnosis, and the students less defi nite than average. 
Most uncertainty is with mild (I) and moderate (II) enlargement without failure. The certainty of 
diagnosis in the II+ class was much higher than in the II class. When failure was present (II+), the 
readers were probably biased towards diagnosing HE. Agreement among groups of readers was 
greatest in the normal and III+ groups. (B) Distribution of the number of observations of HE present 
for each group of readers. The trainees had the highest number of false-negative observations. 
Students were less certain than the others
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FIG 2. Receiver operating characteristic curves 
of each group of readers for heart enlarge-
ment (HE). Note that all curves have a similar 
shape and are very close to each other where 
sensitivity increases rapidly without much loss 
of specifi city. Radiologists were signifi cantly 
better than trainees (P=0·01). See Table 3 for 
statistics of these curves
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dogs were either normal or had various 
degrees of MR with or without HF in the 
form of pulmonary oedema. The propor-
tion of normal to diseased dogs was not 
given. The questions asked for each set 
were (1) Is the heart generally enlarged? (2) 
Is the left atrium enlarged? and (3) Has the 
dog had HF? For each of these questions, 
the readers chose one of the following 
four alternative degrees of confi dence: (1) 
defi nitely no, (2) probably no, (3) prob-
ably yes and (4) defi nitely yes. Each person 
evaluated the radiographs sequentially and 
on one occasion. At the end of the session, 
the readers were asked to list the criteria 
he/she used to defi ne HF, HE and LAE. 
No time limit was set for completion.  

  Measurements of examination 
performance 
 Readers’ responses were compared with 
the reference standard. Receiver operat-
ing characteristic (ROC) curves and the 
area under the curve (AUC) were calcu-
lated ( Langlotz 2003, Metz 1978, 2006, 
Obuchowski 2003 ). Statistical analyses 
were performed with statistical software 
programs JMP 4.02 (SAS Institute Inc., 
2000), and MedCalc software version 
9.3.8.0 (1993-2007; Mariakerke, Bel-
gium). AUCs were compared in MedCalc 

by the method of  Hanley and McNeil 
(1983 ) with a P value of 0·05 as the level 
of signifi cance. ROC curves incorporate 
both sensitivity and specifi city. AUC, by 
incorporating all degrees of certainty of 
diagnosis, gives a general idea of the ac-
curacy of a diagnostic test ( Langlotz 2003, 
Metz 2006, Obuchowski 2003 ). An area 
of 0·50 indicates a diagnostic test which 
is no better than a guess, whereas 1·00 is 
a perfect test. AUC is independent of the 
criteria of strictness of diagnosis, that is, 
whether the reader tends to over- or un-
derdiagnose the condition. A sensitive 
examination is particularly valuable when 
the consequences of a false-negative result 
are undesirable ( Häggström and others 
2000, Lamb 2007a, Obuchowski 2003 ). 
All combinations of pairs of readers within 
each group and between groups were com-
pared for agreement by linearly weighted 
kappa, K. K is the agreement between ob-
servers which is greater than chance. The 
K value can be interpreted as follows ( Alt-
man 1991 ): value of K<0·20, poor; 0·21 
to 0·40, fair; 0·41 to 0·60, moderate; 0·61 
to 0·80, good and 0·81 to 1·00, very good 
agreement. Linear weighting classifi es or-
dered differences by weighting them ac-
cording to the degree of difference, each 
step of difference being weighted equally. 

 As we found large interreader variability 
and no signifi cant effect of experience for 
HF, we analysed a subset of diffi cult cases 
(classes II and II+). As the effect of outliers 
can be considerable when reader variabil-
ity is large ( Gur and others 2005 ), we test-
ed the effect of removing an outlier from 
each group. Outliers were determined as 
the AUC value that differed most from the 
mean of the group. If there were two equal 
values, the lower one was selected.  

   RESULTS 

 The evaluations took three to fi ve hours. 
The frequency of use of radiological signs 
used for each diagnosis as reported by the 
readers is listed in  Table 2 . The analyses 
of the decisions of the readers for HE is 
shown in  Figs 1–3 , for LAE in  Figs 4–6  
and for HF in  Figs 7–9 .  Figures 3, 6 and 9  
are the distribution of K values within and 
between groups of readers.  Table 3  shows 
the AUCs for HE and LAE.  Table 4  shows 
the AUC for HF for all classes and for dif-
fi cult classes, before and after removing the 
outlying readers.  Table 5  lists the P values 
of comparisons of the groups of readers. 

 For HE, the trainees had the highest 
number of false-negative observations. 
Students were less certain than the others 
( Fig 1B ). All groups of readers were more 
confi dent and more accurate in diagnos-
ing LAE than HE, and their agreement 
was better ( Figs 1–6 ,  Table 3 ). For HE, 
agreement was related to experience, but 
for LAE, only radiologists and trainees 
had close within-group agreements. For 
HF, radiologists and internists were most 
confi dent, students the least ( Fig 7 ). Ex-
perience did not affect the AUCs for HF 
( Fig 8 ). Two readers, a radiologist and an 
internist, were the main cause of overdiag-
nosed HF in class II ( Fig 7A ). These two 
outlying readers lowered the AUC and K 
values for the radiologists and internists 
( Table 4  and  Fig 9 ). For HF, in the sub-
set of diffi cult cases, accuracy decreased 
( Tables 4, 5 ). The lower P values of the 
comparisons of the experienced and inex-
perienced readers suggested that when the 
diagnosis was diffi cult, experience made 
a difference, although the number of sets 
was lower ( Table 5 ). After removing the 
outlying readers from the evaluation of 

FIG 3. Weighted kappa values for heart enlargement (HE). Each diamond represents one com-
parison between two readers within (six pairs) or between groups (15 pairs). Radiologists agreed 
better with each other and with internists than other groups
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all classes and from the diffi cult classes, 
the differences were even greater, experi-
ence becoming signifi cant in the diffi cult 
classes, although the number of sets and 
readers was reduced ( Table 5 ).  

  DISCUSSION 

 The ROCs were characterised by the de-
sirable trait of rising to a high sensitivity in 
the range of low false-positive rate (100-

specifi city) at the left side of the graph 
( Obuchowski 2000, 2003 ). The overall 
good results of AUC hid considerable in-
dividual differences in interpretation that 
are revealed by the K values. Interreader 
agreement in this kind of study is usually 
in the range of 0·5 to 0·7 ( Albaum and 
others 1996, Gierada and others 2008, 
Hopstaken and others 2004, Manninen 
and others 1991, Quekel and others 
2001b ). Interreader variability is the larg-
est component of variability in this type of 
study ( Gur and others 2005 ). 

  HE and LAE 
 Signs of change of shape of the heart and 
the position of the left main bronchus are 
easier to evaluate than size comparison 
with the thorax, which varies with breath-
ing and conformation of the thorax, so that 
LAE is a better radiological sign for indi-
rectly assessing MR than HE. In general 
practice, the thorax is more likely to be ro-
tated slightly than in our material, leading 
to overdiagnosis of a falsely rounded heart 
shadow. For the diagnosis of HE in hu-
man beings, interreader K values were also 
low ( Manninen and others 1991 ), and in 
children, radiographic evaluation of HE 
was not as sensitive as echocardiography 
( Satou and others 2001 ), indicating the 
generality of the problem. The underdiag-
nosis of HE and LAE in dogs with slight 
enlargement has little clinical signifi cance, 
as the diagnosis of presence of MR is made 
by auscultation and echocardiography. 

 In many practices, the right lateral and 
dorsoventral views may be used instead 
of the left lateral and VD views we used. 
If the readers were unused to the left lat-
eral projection, in which the heart appears 
rounder than in the right lateral, they could 
overdiagnose HE, but instead, mild HE 
was actually underdiagnosed ( Fig 1A ). The 
high specifi city for HE ( Fig 2 ) also refutes 
this possibility. In the VD view, the heart 
appears more elongated and less round 
than in the dorsoventral view ( Ruehl and 

FIG 4. Reader confi dence for diagnosing left atrial enlargement (LAE). The true frequency was 40 
negative and 160 positive diagnoses. (A) Confi dence related to class of radiograph. The readers 
were more confi dent in diagnosing LAE than heart enlargement (HE), particularly in the clinically 
important classes of moderate enlargement (II and II+). (B) Distribution of the number of observa-
tions LAE present for each group of readers. All groups of readers had a high number of “defi nitely 
yes” decisions. Trainees and students were more confi dent in diagnosing LAE than HE
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FIG 5. Receiver operating characteristic curves 
of each group of readers for left atrial enlarge-
ment (LAE). Radiologists were signifi cantly 
better than all clinicians but not students. See 
Table 3 for statistics of these curves
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Thrall 1981 ). If the readers were not used 
to the VD view, this difference might have 
contributed to the underdiagnosis of HE 
as roundness is a criterion of enlargement. 
All the readers, except one of the radiolo-
gists, were used to interpreting heart size 
using the views we used, and it is unlikely 
that radiologists would have been unaware 
of the differences between left and right 
lateral views.  

  Heart failure 
 The initial analysis showed overall good ac-
curacy for all groups of readers, but only 
moderate agreement within and among 
the groups of readers, and, surprisingly, no 
positive effect of experience. Experience 
improved confi dence of diagnosis, con-
fi rming other studies ( Butela and others 
2001, Lamb and others 2000, Monnier-
Cholley and others 2004, Thompson and 
others 2007 ). We had expected that ex-
perience would improve accuracy ( Butela 
and others 2001, Kido and others 1994, 
Thompson and others 2007 ), but this be-
came apparent only with the subset of dif-
fi cult groups. When variability was large, 
the effect on evaluation of experience of 
removing low AUC outliers illustrates 
the importance of the individuals in each 
group ( Gur and others 2005, Obuchows-
ki 2000, Obuchowski and Zepp 1996 ).

Removing outliers add information about 
the sensitivity of the results to individual 
readers. The reason for the variability is 
the diffi culty of diagnosing pulmonary oe-
dema. Mild pulmonary oedema is a subtle 
sign, and subtle signs as a subset of cases had 
decreased accuracy and greater variability 
in reader performance ( Rockette and oth-
ers 1995 ). If exposure factors or fi lm type 
were different in our cases, with less con-
trast or less exposure than the reader was 
familiar with, the lungs would have been 
more radio-opaque and may have caused 
the consistent overdiagnosis of HF made 
by one radiologist and one internist, which 
affected the performance of their groups. 

 The increase in false-positive diagnosis 
of HF from classes I to II ( Fig 5A ) is like-
ly to be the result of bias induced by the 
presence of a larger heart. HE and LAE 
would cause false-positive diagnoses of 
HF if the size of the heart were weighted 
more strongly than mild pulmonary oe-
dema. As few observers stated that they 
used HE and LAE in their evaluation of 
HF ( Table 2 ), the effect would have been 
unconscious. 

 In comparison with the NT-proANP (a 
natriuretic peptide) test for discriminating 
compensation from decompensation in 
cavalier King Charles spaniels, the AUC 
for HF was 0·92, AUC but for proANP 

was 0·99±0·1 (Häggström and others 
2000). The 8 per cent difference was prob-
ably mostly because of diagnostic errors in 
the diffi cult groups. The performance of 
the readers in our study was approximate-
ly the same (0·84±0·01 to 0·91±0·01) as 
that of radiologists and residents reading 
subtle interstitial abnormalities ( Kido and 
others 1994 ), a task of similar diffi culty to 
reading the lungs for oedema. The moder-
ate interreader agreements cast doubt on 
the reliability of criteria for HF, which rely 
solely or heavily on radiological diagnosis 
of pulmonary oedema, as in the modifi ed 
NYHA classifi cation, particularly if differ-
ent veterinarians, even if experts, interpret 
the radiographs, as in multicentre trials.  

  Study design and limitations 
 As the purpose of training is to approach 
the standard of experts, a consensus of ex-
perts is a valid standard to compare groups 
with different levels of training. The use of 
consensus opinion as a reference standard 
for creating ROC curves is well established 
in radiology, as exemplifi ed by studies of 
interstitial lung abnormalities ( Kido and 
others 1994 ), stomach cancer ( Iinuma and 
others 2000 ) and computed tomographic 
colonoscopy ( Taylor and others 2007 ). 
The criteria we used for HF are well-es-
tablished clinical end-points (Häggström 
2000,  Kvart and others 2002 ). 

 The prevalence of disease in the study 
was much higher than in general practice, 
which is usual in reader performance stud-
ies to keep the number of cases as low as 
possible, reducing the risk of reader fatigue. 
We chose a wide spectrum of severity that 
included easy as well as diffi cult decisions, 
and 40 per cent of the hearts were normal 
or only slightly enlarged, and the ratio of 
negative to positive HF cases was 30:20, 
typical for this type of study ( Gur and oth-
ers 2003, Metz 2006, Obuchowski 2000 ). 
High prevalence of disease compared with 
low prevalence in ROC studies of lung dis-
eases did not affect accuracy but confi dence 
was very slightly but statistically signifi -
cantly decreased ( Gur and others 2007 ). 

 It is possible that the results were affect-
ed by learning during the reading, causing 
a change in the criteria for decisions as the 
reader adjusted to the radiographs. If this 
had been a signifi cant factor, the experi-
enced readers would probably have been 

FIG 6. Kappa values for left atrial enlargement (LAE). Each diamond represents one comparison 
between two readers or groups. Within- and between-group values were signifi cantly higher than 
for heart enlargement, and the spread was less, especially within radiologists

0 0·2 0·4 0·6 0·8 1

Weighted kappa value

LAE
Comparison

Students

Trainees

Internists

Radiologists

Radiologists versus internists

Radiologists versus trainees

Radiologists versus students

Internists versus trainees

Internists versus students

Trainees versus students

Poor Low Moderate Good Excellent
Agreement

 

JSAP669.indd   49JSAP669.indd   49 14/8/09   8:52:50 AM14/8/09   8:52:50 AM



K. Hansson and others

50 Journal of Small Animal Practice  •  Vol 50 (Suppl. 1)  •  September 2009  •  © 2009 British Small Animal Veterinary Association

 

less affected by it than the inexperienced 
readers, yet we found that their agreement 
was not better. It is possible to “train” the 
readers with sample cases before starting 
the readings. The one paper on the subject 
found no effect of training on interstitial 
lesions but an effect on nodule diagnosis 
and warned against the effects of such “in-
terventions” ( Gur and others 1990 ). 

 Ideally, the readers should be represen-
tative of the populations of the groups of 
readers in practice, but “practice” has to 

be defi ned. It may vary, for example, by 
country, degree of specialisation, case type 
and frequency. All these factors cannot be 
taken into account in a test design. Read-
ers may behave differently in practice than 
in a laboratory environment ( Gur 2004 ). 
The radiologists were from different 
countries and training centres, yet three 
of the four closely agreed with each other, 
while one overdiagnosed HF. The inter-
nists came from different practices, and 
although they all had similar training as 

students, that was at least 15 years earlier, 
three of the four closely agreed with each 
other. The students were the most homo-
geneous group, all from the same class, 
but their agreement was closer only when 
diagnosing HF. The students had recently 
been taught by the radiologists and car-
diologists establishing the reference stan-
dard, and this may have compensated for 
their lack of experience. As the students 
were volunteers, they were likely to have 
been better than the average student. Their 
recent training may have made them a 
more homogenous group than the others. 
That and their less-defi nite choices would 
explain the lesser spread of K. Although 
bias and study design may have affected 
the absolute numbers, the conclusion of 
the study that LAE is a better sign of MR 
than general HE, is not affected. The ef-
fect of removing the outlying AUC of a 
reader in each experience group in the HF 
tests shows that the study did not have a 
suffi cient number of readers to minimise 
the effects of variability within groups; 
the level of difference was smaller than we 
had estimated because the variability was 
larger. This is a common problem: a re-
view of 29 multiple-reader studies found 
that only two had more than three read-
ers, and in only seven were differences 
among readers’ interpretations described 

FIG 7. Reader confi dence for diagnosing heart failure (HF). The true frequency was 120 negative 
and 80 positive diagnoses. (A) Confi dence related to class of radiograph. It was high only at the 
extremes of heart size. The certainty of diagnosis was low for class II radiographs. (B) Distribution 
of the number of observations of HF present for each group of readers. Radiologists and experi-
enced clinicians were most confi dent, students the least
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FIG 8. Receiver operating characteristic curves 
of each group of readers for heart failure (HF). 
All groups were similar, with no signifi cant dif-
ference in shape or area under the curve (AUC). 
There were no signifi cant differences among 
the AUCs of the readers (Table 4), nor between 
experienced (radiologists and experienced clini-
cians) and inexperienced groups
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( Obuchowski and Zepp 1996 ). Tables to 
calculate the numbers of readers and pa-
tients have been published based on the 
accuracy and desired and suspected level 
of difference ( Obuchowski 2000 ). 

 In the present paper, we used weighted 
K because we had ordered categorical data. 
Simple K would not differentiate between 
small and large disagreements. Neverthe-
less, K analysis is sensitive to the number 
of categories and the number of observa-
tions within each category, making it dif-
fi cult to compare the results of this study 
with others ( Altman 1991 ); hence the 

vague distinctions of the levels of agree-
ment previously cited. 

 The radiographs had less variability in 
exposure, contrast and positioning than in 
a typical clinical practice, reducing errors 
because of these factors. Only one breed 
was used, so the variations in heart size 
and shape were less than if many breeds 
had been used, and the results were almost 
certainly better than would be obtained in 
a hospital population. 

 This study was limited to the three main 
radiological signs in MR. In practice, the 
task of the reader may be not only to help 
determine if a dog has HE, LAE or HF, but 
also to differentiate HF from respiratory 
diseases causing similar clinical signs in 
dogs with a systolic murmur ( DeFrancesco 
and others 2007, Prosek and others 2007 ). 
Although a difference in performance 
would be expected when the tasks are dif-
ferent, no difference in AUC was found be-
tween free choice of diagnosis and choice 
of three defi ned diagnoses, one of which 
included interstital lung disease ( Rockette 
and others 1990 ), an appearance similar to 
oedema, which suggests that the results of 
this study would not have changed much if 
other diseases had been included. 

 This study measured the accuracy and 
variability of readers for the signs seen in 
MR, the second level of six in the hier-
archic model for diagnostic effi cacy of 
the National Council on Radiation Pro-
tection and Measurements ( Metz 2006 ). 
The accuracy of a test does not allow a 
judgement of its effect on diagnosis in 
practice unless the frequency of the con-
dition tested is known for the population 
of the practice (pretest probability) being 

FIG 9. Kappa values for heart failure (HF). Each diamond represents one comparison between two 
readers or groups. The agreement between groups is widely spread. The values of low agreement 
within the radiologists and internists were caused by one reader in each group. Students agreed 
better with each other than the other readers because they were less confi dent and chose “prob-
ably” more. These differences were weighted less than “defi nitely”
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Table 3. Area under the curve for HE 
and LAE according to experience

Reader groups 
(n=200)

HE LAE

Radiologists 0.93±0·021 0·96±0·012,3

Internists 0·90±0·02 0·89±0·022,4

Trainees 0·86±0·031 0·92±0·023

Students 0·90±0·02 0·95±0·024

All (n=800) 0·89±0·015 0·93±0·015

HE heart enlargement, LAE left atrial enlargement
LAE was more accurately diagnosed than HE, and
radiologists performed slightly better than the other
readers. Superscript numbers indicate signifi cantly
different comparisons

Table 4. AUC for HF showing the effects of selecting diffi cult cases only (classes II and II+) and removing outlying AUCs

Reader groups HF
(n=200)

AUC of each
reader for all

classes of radiographs

AUC of each
group of readers 
minus outliers 

(n=150)

AUC of
each group of readers

for diffi cult cases,
classes II and II+

(n=80)

AUC of each
reader for classes

II and II+

AUC of
each group of

readers for
classes II and II+

minus outliers 
(n=60)

Radiologists 0·93±0·021 (0·88), 0·97, 0·97, 0·99 0·98±0·011,3 0·83±0·053,11 (0·61), 0·91, 0·97, 0·98· 0·95±0·0311

Internists 0·91±0·02 (0·85), 0·98, 0·95, 0·93· 0·96±0·024 0·80 ±0·054 (0·65), 0·95, 0·88, 0·80· 0·88±0·05
Trainees 0·91±0·02 0·97, 0·91, (0·88), 0·94· 0·94±0·025 0·75 ±0·065 0·87, 0·75, (0·64), 0·83· 0·81±0·06
Students 0·92±0·02 (0·97), 0·93, 0·89, 0·91· 0·94±0·026,8 0·78 ±0·056 0·92· 0·80, (0·67), 0·76· 0·81±0·068

All 0·92±0·012

(n=800)
0·95 ±0·012,7,9

(n=600)
0·79 ±0·037,10

(n=320)
0·86±0·039,10

(n=180)

AUC area under the curve, HF heart failure
After removing one outlying reader from each group, the effect of experience increased (see Table 5 for P values). Accuracy when reading a subset of only diffi cult cases (classes II and II+) 
decreased, more for inexperienced readers. When an outlier (the worst reader) was removed from each of these two groups, the accuracy increased, despite the decrease in the sample 
sizeOutliers are given in parentheses. Superscript numbers indicate signifi cantly different comparisons
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considered ( Lamb 2007a, b ), which allows 
calculations of the after test probability of 
the disease being present or absent. The 
desired outcome infl uences the choice of 
specifi city and sensitivity to be selected 
on the ROC curve ( Lamb 2007a, c, Metz 
2006, Obuchowski 2003 ). These allow as-
sessment at the third and fourth levels, di-
agnostic-thinking effi cacy and therapeutic 
effi cacy.  

  Measures to improve accuracy 
 The methods used to set the reference 
standards could be adapted to practice. 
Consensus diagnosis in equivocal cases 
could be performed in large or specialist 
practices. Three readers but not two, im-
proved accuracy ( Hessel and others 1978, 
Norgaard and others 1990, Quekel and 
others 2001a ). A comparison of baseline 
radiographs with radiographs made at the 
time of suspected failure improved accu-
racy ( Snashall and others 1981 ), as did 
chronological reading of successive fi lms 
of suspected rheumatoid arthritis ( van Der 
Heijde and others 1999 ). If the suspicion 
is high enough for the dog to be treated, 
radiographs should be compared with fol-
low-up radiographs to see if the suspected 
oedema regressed after treatment. 

 The vertebral heart scale (VHS) mea-
surement might be expected to improve 
the accuracy of diagnosing HE, but  Lamb 
and others (2000 ) found no improvement 
when three readers used it as an aid. The 
VHS method is not accurate enough to 
reliably differentiate mild HE from nor-
mal ( Hansson and others 2005, Lamb and 
others 2000 ). Veterinarians should not 

Table 5. P values for comparisons of AUC between groups of readers of HF

Comparison P value
(four readers,

n =200)

P value,
outliers removed
(three readers,

n=150)

Classes II and II+
P value

(four readers,
n=80)

Classes II and II+
P value, outliers
removed (three
readers, n=60)

Radiologists-internists 0·40 0·47 0·63 0·30
Radiologists-trainees 0·46 0·06 0·19 0·02*
Radiologists-students 0·82 0·10 0·36 0·04*
Internists-trainees 0·96 0·29 0·34 0·23
Internists-students 0·66 0·29 0·62 0·03*
Trainees-students 0·56 0·92 0·64 0·90
Experienced-inexperienced 0·80

(n=400) (0·92
versus 0·91)

0·07 (n=200)
(0·96 versus 0·92)

0·31 (n=160)
(0·81 versus 0·76)

0·003* (n=80)
(0·94 versus 0·79)

AUC area under the curve, HF heart failure
Removing outliers greatly decreased P values of comparisons between experienced (radiologists and internists) and inexperienced (trainees and students) readers, and some differences 
became signifi cant (*)

try to diagnose the presence or absence of 
mild MR by radiography, but use the pres-
ence and quality of the heart sounds and 
murmurs ( Häggström and others 1995 ). 
Radiographs should be used to help deter-
mine if the LA is enlarged in cases of sus-
pected HF because of clinical signs and/or 
lung infi ltrate to determine if MR is the 
cause of these signs.  

  Conclusions 
 LA is a more reliable radiographic sign 
of MR than HE. HF in the form of pul-
monary oedema was generally accurately 
diagnosed but considerable individual dis-
crepancies warrant measures to improve 
accuracy when the heart is enlarged. Ex-
perienced readers were more confi dent of 
their diagnosis and performed better than 
inexperienced readers in diffi cult cases. 
Studies using HF as an end-point should 
not rely solely on radiographic determi-
nation of pulmonary oedema. Studies of 
reader performance using ROC analysis 
require suffi cient numbers of readers to 
minimise the effect of outliers.      
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