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    OBJECTIVE  :   To determine the vertebral heart size in chinchillas using right and left lateral radiographic 

views and CT images. To evaluate the agreement between radiographic and CT modalities.  

  METHODS  :   Twenty-one clinically healthy chinchillas and seven chinchillas with cardiovascular abnormalities 

underwent cardiovascular examination before thoracic radiographs and thoracic CT obtained under 

dexmedetomidine-ketamine anaesthesia. Two observers calculated vertebral heart size for radiographic 

and CT studies. Reference intervals were calculated with the robust method. Agreement between 

radiographic and CT-derived vertebral heart size was evaluated with Bland–Altman plots and Deming 

regression.  

  RESULTS  :   Mean ±sd vertebral heart size for lateral radiographs was 8·9 ±0·62 (reference interval: 7·5 

to 10·2) and for CT-derived vertebral heart size was 8·2 ±0·55 (reference interval: 7·1 to 9·4). CT 

significantly underestimated the radiographic vertebral heart size by 0·66 vertebrae. There was no 

significant difference between vertebral heart size for right and left lateral radiographic views, or 

between female and male chinchillas.  

  CLINICAL SIGNIFICANCE  :    Radiographic vertebral heart size for chinchillas is larger than that reported for 

similar rodents. Vertebral heart size can be calculated using radiography or CT in chinchillas, but these 

techniques are not interchangeable.      

   INTRODUCTION 

 Chinchillas ( Chinchilla lanigera ) are popular companion ani-
mals because of their small size, inquisitive nature, even tem-
perament, and longer life span compared to other companion 
exotic mammals. Heart murmurs are a relatively frequent find-
ing in pet chinchillas, and although clinical cases of cardiac dis-
ease are uncommon, they are often presented to veterinarians 
for cardiac evaluation (Linde  et al.    2004  , Pignon  et al.    2012  , 
Mans & Donnelly   2013)  . 

 The vertebral heart size (VHS) measurement system was cre-
ated as a means to objectively measure cardiac silhouette size in 

dogs and its development has been described in other companion 
animal species, including cats, ferrets and rabbits (Buchanan & 
Bucheler   1995  , Stepien  et al.    1999  , Litster & Buchanan   2000  , 
Onuma  et al.    2010  , Giannico  et al.    2015  ). There is little infor-
mation regarding VHS in rodents (Diniz  et al.    2013  , de Moura 
 et al.    2015  , Garcia  et al.    2016  ), but VHS reference intervals have 
not been described in chinchillas. Although the heart is often 
included in radiographic and CT imaging in chinchillas, objec-
tive interpretation of cardiac size can be facilitated using VHS. 

 The objectives of this study were to determine a VHS using 
both right and left lateral radiographic views and to use three-
dimensional, multi-planar reconstruction (MPR), CT images to 
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determine VHS. We hypothesised that both plain radiography 
and CT could be used to successfully measure VHS in chinchil-
las and that calculated VHS for the two measurement techniques 
would be comparable between modalities.  

  MATERIALS AND METHODS 

  Animals 
 This study was approved by the University of Wisconsin-
Madison, School of Veterinary Medicine, Institutional Animal 
Care and Use Committee, and animal use complied with the 
National Research Council Guide for the Care and Use of Labo-
ratory Animals standard. Twenty-eight chinchillas (13 female, 
15 male), ranging in age from one to five years, with mean ±sd 
body weight of 0·67 ±0·1 kg, were purchased from a commercial 
breeder and housed in a climate-controlled room with a 12-hour 
light cycle. Chinchillas were maintained individually and allowed 
access to a shared area for socialisation and dust bathing at least 
once per week. Their diet consisted of a commercial pelleted 
rabbit diet which was offered ad libitum along with unlimited 
access to fresh water. The chinchillas were allowed a minimum of 
four weeks for acclimatisation prior to start of the study. All ani-
mals underwent cardiac auscultation by a board-certified veteri-
nary cardiologist, in order to evaluate for any cardiac arrhythmias 
or murmurs. Chinchillas with cardiovascular abnormalities were 
excluded from reference interval determination.  

  Study design 
 All imaging was performed while the chinchillas were under an 
injectable anaesthesia protocol. Each chinchilla was administered 
a combination dose of 0·015 mg/kg dexmedetomidine (Dexdomi-
tor, Pfizer Animal Health) intramuscular (im) and 4 mg/kg ket-
amine (Ketamine Hydrochloride Injection, Hospira Inc) im for 
induction and maintenance of anaesthesia and were subsequently 
administered a dose of 0·15 mg/kg atipamezole (Antisedan, Pfizer 
Animal Health) subcutaneously following completion of the 
study. This anaesthetic protocol has been previously assessed in 
chinchillas and reported to have similar echocardiographic effects 
compared to isoflurane anaesthesia (Fox  et al.    2016  , Doss  et al.  
  2017  , Parkinson & Mans   2017  ). Routine anaesthetic monitoring 
was performed for all animals until considered recovered. 

 All chinchillas underwent an anaesthetized echocardiogram by 
a board-certified veterinary cardiologist (RS) in order to evaluate 
for cardiac abnormalities. Right and left lateral thoracic radio-
graphs as well as thoracic CT scans were performed while the 
chinchillas were anaesthetised. Radiographs were obtained using 
60 kVp and 3·2 mAs using a digital, tabletop system (CXDI-
50G, Canon USA, Inc.). Thoracic inflation was not attempted 
for radiographs in order to limit personnel exposure. CT exami-
nations were performed with chinchillas in sternal recumbency, 
using a standard acquisition protocol through the use of an 
8-slice, multi-detector row helical CT unit (HiSpeed LX-I CT 
Scanner, GE Healthcare). Routine protocols included helical 
mode image acquisition using 130 kVp and 130 to 150 mAs with 
a slice thickness of 1·25 mm and a scan field of 96 to 149 mm.  

  Image analysis and measurements 
 Radiographs and CT series were reviewed and measurements 
performed retrospectively using a DICOM (Digital Imaging and 
Communications in Medicine) reader (OsiriX Imaging Software, 
version 5·8, OsiriX Foundation). The VHS measurements were 
calculated for both right and left lateral radiographic images, and 
CT using sagittal views of three-dimensional MPRs. Observers 
independently selected a single sagittal CT slice from the series 
where the cardiac size appeared largest and performed measure-
ments on this image. For each animal, the VHS was measured 
three times for each imaging modality; means of these three 
measurements were also calculated. The VHS calculations for 
each animal were performed without a significant time interval 
between measurements. 

 For radiographs, VHS measurements were performed as previ-
ously described (Buchanan & Bucheler   1995  ); the measurement 
technique is illustrated in Fig   1  A. Briefly, the carina and apex of 
the heart serve as landmarks for the first drawn line; the second 
measurement line was drawn perpendicular to the first, spanning 
the width of the heart at its widest point. These two measure-
ment lines were then aligned adjacent to the vertebral column, 
with the cranial portion of each line starting at the cranial edge of 
the body of the fourth thoracic vertebra. The length of both lines 
was measured in increments of one-fourth of vertebral body size 
and summed, rendering a total numerical value (VHS). 

      For the CT-derived VHS (CT-VHS), measurements were per-
formed in a similar manner to the radiographic method, using 
two measurement lines aligned adjacent to the fourth thoracic 
vertebra. A sagittal view of the heart was obtained using a three-
dimensional, MPR of the CT images, permitting a traditional 
way of measuring the VHS  ( Fig   1  B ) . A dorsal MPR view was 
utilised for pinpointing the fourth thoracic vertebra in the mid-
sagittal view by identifying the fourth ribs. Measurements of the 
cardiac silhouette were performed using a soft-tissue viewing 
algorithm and localization and measurement of vertebral bodies 
performed using a bone viewing algorithm.  

  Statistical analysis 
 Data were analysed using commercial statistical software (Med-
Calc, version 12·2·1, MedCalc Software bvba, Mariakerke, Bel-
gium; SPSS v22·0, IBM). Data were tested for normality using 
the Shapiro–Wilk test, and when applicable, for constant vari-
ance by using a residual  versus  fitted value plot. Values of P<0·05 
were considered statistically significant. Values are reported as 
mean (95% confidence interval) unless stated otherwise. 

 Reference intervals were calculated with the robust method 
as indicated by ASVCP guidelines for samples between 20 and 
40 individuals (Friedrichs  et al.    2012  ). The 90% confidence 
intervals of lower and upper reference limits were calculated 
and a histogram of the data is reported. Chinchillas with car-
diovascular abnormalities were excluded from reference interval 
determination. 

 The mean difference with 95% CI between VHS measurements 
obtained in male and female chinchillas was calculated. A paired 
sample  t -test was used in order to ascertain differences in VHS in 
the same animal between right and left lateral recumbency. 
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 FIG 1 .              Thoracic radiographic (A) and CT (B) images of anaesthetised 
chinchillas used to calculate vertebral heart size (VHS) measurements. 
A right lateral radiographic image (A) demonstrates how to measure 
the VHS in a traditional fashion; the white lines corresponding with the 
white letters ‘A’ and ‘B’ denote the width and height of the cardiac 
silhouette, respectively. These lines were then used to calculate the 
VHS in vertebral units by measuring caudally, starting at the cranial 
edge of the fourth thoracic vertebral body (asterisk). A sagittal multi-
planar reconstruction CT image was used to calculate the VHS in a 
method simulating the traditional method using a lateral radiographic 
image (B); width (white letter A) and height (white letter B) of the 
cardiac silhouette or heart are labelled, in addition to the fourth 
thoracic vertebral body (black asterisk) 

 Agreement between CT and radiographs was evaluated by 
means of Bland–Altman (difference) plots and Deming regres-
sion. For Bland–Altman analysis, left and right VHS were aver-
aged. The limits of agreement (LoA) were determined from 
Bland–Altman plots by ±1·96 sd centred on the mean differ-
ence. The association between the difference and VHS values 
was examined by standard regression analysis, with a significant 
(P ≤ 0·05) slope of the regression line indicating proportional bias 
(Bland & Altman   1986  ). In case of presence of proportional bias, 
the mean difference and LoA were calculated after categorisation 
of radiographic VHS in three equal quantiles, in order to provide 
an estimate of the agreement across the range of VHS (Gerber & 
Freeman   2016  ). 

 For Deming regression, the three measurements obtained in 
each animal for each of the techniques were averaged. The two 
readers were considered as two different observations. The slope 
and intercept of the regression were calculated with 95% CI val-
ues. (Cornbleet & Gochman   1979  ). Constant bias was present if 
the 95% CI for the y-intercept did not include 0. Proportional 
bias was present if the 95% CI for the slope did not include 1 
(Bablok  et al.    1988  ). 

 Intra- and inter-observer reliability was assessed using the 
intra-class correlation coefficient (ICC) for assessments by the 
zoological medicine resident and the board-certified radiolo-
gist. Reliability was rated as strong (ICC>0·8), good (ICC 0·6 
to 0·8), moderate (ICC 0·4 to 0·6) or weak (ICC<0·4) (Shrout 
& Fleiss   1979  ). 

 Receiver operating characteristics curves with their area under 
the curve (AUC) and associated 95% CI were developed for 
each VHS in order to determine their ability to discriminate 
between chinchillas with cardiac abnormalities (n=7) and those 
without (n=21). Values of AUC of 0·5 indicate no diagnostic 
ability, while values of 1·0 indicate maximum diagnostic ability 
(DeLong  et al.    1988  ).   

  RESULTS 

 Seven chinchillas (three female, four male) had abnormalities 
noted on cardiac auscultation or echocardiogram. Abnormal 
findings included cardiac murmurs (n=3), mitral regurgitation 
(n=3) and second-degree atrioventricular block (n=1). None of 
these chinchillas showed evidence of cardiomegaly on subse-
quently performed echocardiographic examinations. All chin-
chillas with cardiovascular abnormalities were outwardly healthy. 
The remaining 21 chinchillas were found to be clinically healthy 
based on serial physical examinations, food and water intake and 
faecal output. 

 Both, radiographic and CT-VHS values were normally dis-
tributed (Fig   2  ). There were no clinically or statistically signifi-
cant differences between VHS in male and female chinchillas 
(mean difference for radiographic VHS: 0; 95 %  CI: −0·45 to 
0·45; mean difference for CT VHS 0·3; 95% CI: −0·11 to 0·71). 
There were no clinically or statistically significant differences 
between radiographic VHS measured in right (8·94 ±0·72 ver-
tebrae; 95%CI 8·76 to 9·13)  versus  left (8·89 ±0·62 vertebrae; 
95%CI: 8·73 to 9·05) lateral recumbency (mean difference−0·05 
vertebrae; −0·15 to 0·05; P=0·3). 

      Reference intervals for VHS in chinchillas varied depending 
on the imaging technique (Table   1  ). The agreement between 
VHS measured in CT and radiographs is shown in Table   2  . CT 
significantly underestimated the radiographic VHS with a mean 
difference of −0·66 ±0·72 vertebrae (95% LoA: −2·1 to 0·7) as 
compared to plain radiography (Fig   3  ). 

                Inter-observer ICC were rated as moderate to good, and intra-
observer ICC values were scored as good to strong for all mea-
surements (Tables   S1   and   S2  , Supporting Information). 

 The VHS were not able to discriminate between chinchillas 
with (n=7) and without (n=21) cardiac abnormalities. AUC for 
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 FIG 2 .              Histograms depicting the distribution of the radiography-derived VHS (A) and CT-derived VHS (B) 

 Table 1 .    Summary statistics and reference intervals for VHS established from 21 healthy chinchillas calculated from 
radiographs and CT. Reference intervals were calculated with the robust method and 90%CI of lower and upper limits are 
displayed. All the VHS followed a normal distribution 

 Mean  sd  Minimum to Max  Lower limit RI  90% CI for lower limit  Upper limit RI  90% CI for upper limit     

 Radiographic VHS  8·9   0·6  2  7  ·7  –9  ·9     7·5   7  ·2  –7  ·9     10·2   9  ·8  –10  ·6        
 CT VHS  8·2   0·5  5  7  ·2  –9  ·3     7·1   6  ·8  –7  ·5     9·4   9–9  ·7    

   CI Confidence interval, RI Reference interval, VHS vertebral heart size   

 Table 2- .    Agreement between vertebral heart size (VHS) obtained with different imaging techniques (CT and radiography) 
in 28 chinchillas. Bland–Altman analysis accounting for multiple measurements was performed (n=168 observations). 
Mean difference and pertinent 95%CI are calculated as CT minus radiographs. Deming regression was performed on 28 
observations, with the two readers accounting as duplicate observations 

 Bland–Altman plots  Deming regression 

 Mean difference  95% Limits of Agreement  Intercept  95% CI  Slope  95% CI     

 −  0  ·6  6  −  2  ·1      to   0  ·7     −  1  ·6     −13·5      to   10  ·2     1  ·3     −  0  ·2      to   2  ·7    

   CI Confidence interval   

 FIG 3 .              Evaluation of the agreement between radiographic and CT-derived VHS. (A) Bland–Altman agreement plot for results of radiographic VHS and 
as estimated by CT. Circles represent individual measurements. The middle solid horizontal line represents the mean difference between the pairs 
of measurements. The upper and lower horizontal dashed lines represent the 95% limits of agreement. The dashed and dotted lines represent 95% 
confidence intervals (CIs) of the mean of differences. If the 95% CIs of the mean of differences do not include 0 (dotted line), there is a significant 
constant bias. The regression line with its 95% CIs is depicted to assist the detection of a proportional bias. (B) Deming regression analyses between 
VHS as estimated by CT and radiographs. Circles represent individual measurements 
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radiographic VHS was 0·5 (95% CI: 0·33 to 0·71), and for CT 
VHS was 0·53 (95% CI: 0·34 to 0·72).  

  DISCUSSION 

 This study presents VHS measurements for lateral radiographic 
views in healthy chinchillas, as well as a method for calculating 
VHS using MPRs of CT studies. To our knowledge, this is the 
first report of using CT to measure VHS in animals. 

 Radiographic VHS did not differ significantly between right 
and left lateral views in this study. This is similar to reports for 
agoutis, ferrets and greyhounds (Stepien  et al.    1999  , Marin  et al.  
  2007  , de Moura  et al.    2015  ). Interestingly, the VHS was signifi-
cantly larger for beagles (Kraetschmer  et al.    2008  ) in right lateral 
recumbency, and there are conflicting reports on whether or not 
side of lateral recumbency significantly affects VHS in other dog 
breeds (Buchanan   2000  , Greco  et al.    2008  ). 

 The radiographic VHS for this population of chinchillas dif-
fers from those reported for other species. The mean radiographic 
VHS for the chinchillas in this study (8·9) was larger than val-
ues reported for black-tailed prairie dogs ( Cynomys ludovicia-
nus ) (left lateral: 7·15; right lateral: 7·12) (Garcia  et al.    2016  ), 
black-rumped agoutis ( Dasyprocta prymnolopha ) (8·0) (de Moura 
 et al.    2015  ), rabbits (left lateral: 7·9; right lateral: 7·6) (Giannico 
 et al.    2015  ), African pygmy hedgehogs ( Atelerix albiventris ) (8·1) 
(Black  et al.    2011  ), ferrets (mean: 5·2; median: 5·3) (Stepien  et al.  
  1999  , Onuma  et al.    2009  ) and cats (7·5) (Litster & Buchanan 
  2000  ). Conversely, mean VHS for three species of flying foxes 
(genus  Pteropus ) (9·4) and dogs (9·7) were larger than the VHS 
in this report (Buchanan & Bucheler   1995  , Gardner  et al.    2007  ). 
The differences in VHS between chinchillas and other species 
highlight the importance of species-specific VHS reference inter-
vals for each species. 

 VHS between the two sub-populations of chinchillas with and 
without cardiac abnormalities did not differ statistically. This 
finding was expected, since the animals with diagnosed cardiac 
abnormalities, showed no evidence of cardiomegaly on echo-
cardiographic examination. Normal size of the cardiac silhou-
ette does not rule out underlying cardiac disease, as pathologic 
changes such as hypertrophy often result in minimal alteration 
of the external dimensions of the heart (Buchanan   2000  ). In 
chinchillas with suspected cardiovascular disease, an echocardio-
gram is an invaluable component of the diagnostic evaluation 
and should be performed along with other imaging modalities 
for complete assessment (Pignon  et al.    2012  ). 

 We found that CT significantly underestimated the VHS by 
0·66 vertebrae as compared to plain radiography. We hypoth-
esise that this may be due to the process whereby observers 
independently selected CT slices in which they felt the cardiac 
dimensions were the largest. Other factors that may affect mea-
surements include the changes in radiographic cardiac position 
between lateral and ventrodorsal views, as well as the phase of 
cardiac cycle during radiographic and CT image acquisition. 
The LoA for the radiographic VHS indicated that in 95% of 
animals there would be a difference between radiographs and 

CT-VHS ranging from −2·1 to 0·7 vertebrae. This interval is 
wide, and suggests that there might be clinically relevant discrep-
ancies between the two imaging techniques. The acceptability of 
the degree of agreement between these two techniques should be 
evaluated depending on variations expected in chinchillas with 
cardiomegaly, but it is unlikely that such agreement is acceptable 
in a clinical setting (Bland & Altman   1986  , Jensen & Kjelgaard-
Hansen   2006  ). These results suggest that each VHS should be 
considered on the basis of specific reference intervals and that 
the two techniques should not be considered interchangeable 
between individuals or in the same chinchilla (i.e. for repeated 
monitoring) (Jensen & Kjelgaard-Hansen   2006  ). 

 In the present study, observed inter-observer reliability was 
considered moderate to good; variation between observers may 
be explained by differences in selection of measurement points 
along the cardiac silhouette or vertebral bodies, or in the ulti-
mate calculation of the VHS from cardiac width measurements 
(Hansson  et al.    2005  ). Observer experience may also play a role, 
although this was not found to have a significant effect on VHS 
measurement in dogs in one study (Hansson  et al.    2005  ). 

 This study has several limitations. Motion artefact second-
ary to breathing and heartbeat may have influenced the results. 
Additionally, obtaining exact positioning for thoracic radiographs 
in small exotic mammal species can be technically challenging due 
to their size. Obtaining inspiratory-phase radiographs can be also 
problematic in small exotic mammals due to fast respiratory rates 
and infrequency of endotracheal intubation for lung expansion, 
which can lead to difficulties defining the cardiac silhouette in 
these species. All radiographic images and CT series used in this 
study were considered of sufficient quality to be able to accurately 
perform the VHS measurements. Finally, the study was not pow-
ered to account for multivariate variations based on individual 
characteristics (i.e. gender, health status). As such, results relative 
to individual characteristic comparisons should be considered 
hypothesis-generating rather than hypothesis-testing. 

 Use of the anaesthetic dexmedetomidine may have influenced 
calculation of VHS in this study. In both dogs and cats, dexme-
detomidine sedation has been shown to result in increased VHS 
in right lateral radiographic views (Wang  et al.    2016  , Zwicker 
 et al.    2016  ). Additionally, dexmedetomidine sedation resulted 
in an increase in the percentage width of the thorax filled by 
the cardiac silhouette measured on dorsoventral and ventrodor-
sal radiographs in cats and ventrodorsal images in dogs (Wang 
 et al.    2016  , Zwicker  et al.    2016  ). To our knowledge, information 
regarding the effects of alpha 

2
 -agonists on cardiac size does not 

exist for rodents and is suspected to be dose-dependent. Further 
research is necessary to investigate the effect of dexmedetomidine 
and other anaesthetic agents on cardiac size in chinchillas. The 
echocardiographic effects of the dexmedetomidine–ketamine 
protocol used in this study have been previously evaluated and 
were found to be similar to changes documented with isoflurane 
anaesthesia in chinchillas (Linde  et al.    2004  , Doss  et al.    2017  ). 
Chemical restraint has the potential to cause undesired cardio-
vascular effects, which could alter measurement of the VHS; 
this challenge was unavoidable; because CT and appropriately 
positioned thoracic radiographs require chemical restraint in 
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chinchillas. Since the dexmedetomidine–ketamine protocol has 
been extensively studied in chinchillas (Fox  et al.    2016  , Doss 
 et al.    2017  , Parkinson & Mans   2017  ), we felt comfortable using 
this protocol in the study population. In clinical cases in which 
significant underlying cardiac disease is suspected, isoflurane 
anaesthesia may be the preferred method. 

 In conclusion, this study reports reference intervals for VHS 
obtained from lateral radiographic views as well as MPRs of 
CT studies in healthy chinchillas. CT significantly underesti-
mated the radiographic VHS. Radiographic VHS for chinchil-
las are larger than those reported for similar rodents. VHS can 
be calculated using radiography or CT in chinchillas, but these 
techniques are not interchangeable. The results of this study can 
aid veterinarians evaluating cardiac size in chinchillas. Further 
research is needed to assess the accuracy of VHS calculated using 
radiography or CT when attempting to determine the presence 
of cardiomegaly in chinchillas. 
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The following supporting information is available for this article:

     Table S1. Inter-observer variation of VHS measurements in 
chinchillas between two observers using two modalities (radi-
ography and CT). Individual and averaged measurements are 
reported. Left and right lateral views were used for VHS mea-
surements on radiographs and multi-planar reconstruction 
images were used for CT measurements  

    Table S2. Intra-observer reliability of VHS measurements in 
chinchillas using two modalities (radiography and CT). Left and 
right lateral views were used for traditional VHS measurements 
on radiographs and multi-planar reconstruction images were 
used for CT measurements    


