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Abstract : The purpose of this study is to evaluate the azygos vein to aorta diameter ratio (AV/AO ratio) in healthy
dogs and dogs with diseases that may cause azygos vein dilation. The normal groups included eleven healthy beagle
dogs and eleven small breed dogs. The abnormal group included 43 dogs that had diseases with high right atrial pressure
(RA group), obstruction of cranial or caudal vena cava (CVC group) and porto-azygos shunt group (PSS group). The
diameter of AV and AO were measured at three sites on thoracic CT images; the level of the cranial endplate of
12th thoracic vertebra (TV level), the tracheal bifurcation (TB level) and the insertion to the cranial vena cava (CrVC
level). The AV/AO ratio at the CrVC level had significantly higher values than those at the TV and TB levels in
the normal groups. The AV/AO ratios of TV and TB levels in the CVC group and the values at all measurement
sites of the PSS group were significantly higher than the normal groups. AV/AO ratio will be a useful factor for
the evaluation of various clinical conditions that change the AV diameter with respect independent to the body weight
in dogs.
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Introduction

The azygos vein (AV) is formed at the third lumbar verte-

brae by the union of the third lumbar intervertebral veins (7).

It runs cranially through the aortic hiatus into the thorax and

empties into the cranial vena cava (7). Right and left veins

are present in the embryo, but the pattern is later simplified

that the main trunk is the right-sided AV in dogs (6). AV sys-

tem composes blood flow of lumbar, dorsal costo-abdomi-

nal, dorsal intercostal and bronchoesophageal veins (2,7). It

carries the blood from the vertebral venous plexus of the tho-

rax and abdomen via the dorsal intercostal and lumbar veins

to the right atrium (2,7).

In humans, the enlargement of AV can be seen on the tho-

racic radiographs or computed tomographic (CT) images

in specific clinical status, which are hemodynamic changes

including fluid overload and an increase in right atrial pres-

sure and superior or inferior vena cava obstructions (5,14,15).

These are most commonly due to right-sided heart failure,

tricuspid valvular diseases, pulmonary hypertension and por-

tal hypertension (5,15). Elevation of right atrial pressure

makes the venous return to the right atrium from both supe-

rior and inferior vena cava difficult (17). Superior or inferior

vena cava obstruction can be caused by the tumor, thrombus

and lymphadenopathy and development of several collateral

vessels has been reported in human and veterinary medicine

when the obstruction is chronic (5,14,15,19). These collat-

eral venous pathways provide venous drainage from the cau-

dal site of the obstruction and some empty into the AV

resulting in AV dilation (14). The configurations of collateral

pathways vary depending on the level of the obstructions of

vena cavae (10,15,18).

The multi-detector CT angiography has become a useful

diagnostic tool for the non-invasive imaging of vascular anat-

omy in human and veterinary medicine (16,19,20). CT images

provide detailed anatomic information that is able to identify

the smaller veins (16,19). In human studies, the diameter of

the AV was examined by chest radiography and CT (1,20,

22). Evaluation of the normal diameter of AV might be

important to consider the various pathologic process (20).

Moreover, the degree of AV dilation is an indicator of both

severity and increased risk of mortality associated with acute

pulmonary embolism and right heart overload (8,9).

To our knowledge, there are no studies that assess the

diameter of normal AV considering the various body weight

of dogs on CT examinations. The purpose of this study is to

evaluate the size of AV as the AV to aorta ratio (AV/AO ratio)

to overcome body weight variation in normal dogs using CT

venography and evaluate the changes of the AV/AO ratio in

dogs with diseases, which can cause dilation of the AV.

Materials and Methods

The study design was a combination of experimental design
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of healthy Beagle dogs with a retrospective study of healthy

small breed dogs in the normal groups, and case-control

study of dogs with diseases that may cause AV dilation in the

abnormal groups. This study was performed under the guid-

ance of Chungnam National University Animal Care and Use

Committee.

Subjects

Normal group

Normal group is classified into subgroup B (Beagle) and S

(Small breed) according to the dog’s breeds. In subgroup B,

eleven healthy beagle dogs (8 males and 3 females) between

1.5 to 7 years of age weighing from 7.2 to 14.8 kg were used

for the study. Physical examinations, complete blood cell

counts, serum chemistry analyses, and thoracic and abdomi-

nal radiography were performed to determine the health sta-

tus of the dogs. Blood pressure measurement, electrocardio-

graphy, and echocardiography were also performed for the

exclusion of dogs with any other conditions that may cause

dilation of AV. Skin turgor test and capillary refill time were

performed for evaluation of hydration status. In subgroup S,

the dogs underwent abdominal and thoracic CT with various

reasons and with any of the following were excluded: tricus-

pid valve insufficiency, pulmonary hypertension signs includ-

ing enlargement of the pulmonary artery and hepatomegaly,

cranial or caudal vena cava obstruction, and pleural or perito-

neal effusion.

Abnormal group

The dogs were selected from image databases of College

of Veterinary Medicine of Chungnam National University,

Ian Diagnostic Imaging Center, and Africa Animal Medical

Center. Forty-three client-owned dogs were prospectively

enrolled when they had a diagnosis of increased the right

atrial pressure, compression, or invasion into caudal vena

cava (CdVC), and porto-azygos portosystemic shunt (PSS)

by several imaging modalities. All dogs underwent thoracic

or abdominal CT scanning due to various reasons. CT scan-

ning parameters and contrast medium administration varied

with institution and the individual status of the dogs.

Computed tomography

In Beagle dogs of the normal group, the dogs were fasted

for 12 hours while water was freely fed prior to CT scan-

ning. All dogs were scanned under the general anesthesia and

positioned in sternal recumbency. Each dog was hyperventi-

lated before the CT scan, and intermittent positive pressure

ventilation (10-15 cmH2O) was performed during the scan-

ning. All images were obtained using a 32-detector-row CT

scanner (AlexionTM, Canon, Japan) with the following parame-

ters were used: 120 kVp, 100 mAs, 1 mm slice thickness,

0.75 second rotation time and 0.0938 collimation beam pitch.

Intravenous iodinated contrast medium, iohexol (Omnipa-

que®, GE healthcare, Ireland, Ireland), of 600 mgI/kg was

administered with an injection rate of 2 ml/sec using a power

injector (SalientTM, Imaxeon Pty. Ltd., Australia). In Beagle

dogs, the scan field of view was from the caudal endplate of

the third lumbar vertebrae to the cranial endplate of the sec-

ond thoracic vertebrae, which was performed scanning from

caudal to cranial. Scanning was started 40-60 seconds after

contrast media administration. In small breed dogs of the

normal group, scan protocol varied with the institutions and

the status of each patient, and post-contrast images were

obtained 30-90 seconds after contrast medium administration.

Image analysis

Measurements were performed independently by two clini-

cians experienced in veterinary medical imaging based on

consensus. The diameters of AV and AO were measured at

three different sites, which were the level of the cranial end-

plate of 12th thoracic vertebra (TV level), the tracheal bifur-

cation (TB level) and the insertion to the cranial vena cava

(CrVC level). Electronic calipers were used to obtain the

maximum diameter perpendicular to the long axis of the

cross-section of the vessels (Fig 1). All values were obtained

by average from three repetitive measurements, and the AV/

AO ratio was calculated. The origin of AV in the abdomen

and the insertion of AV to the cranial vena cava on CT

images were also recorded.

Statistics

Statistical analyses were performed using commercially

available software (IBM SPSS statistics 22.0, IBM Corp,

New York, USA). Descriptive statistics including mean,

median, range (from minimum to maximum), standard devi-

ations (SD) and 95% confidence interval (CI) of the mean

Fig 1. Post-contrast CT images of the azygos vein in a normal dog illustrating where the diameters of AV (asterisk) and aorta (arrow-

head) are measured at the level of cranial end plate of the 12th thoracic vertebra (A), tracheal bifurcation (B) and insertion to the cranial

vena cava (C).
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values were calculated for the diameter of AV and aorta, and

the AV/AO ratio. Differences between normal and abnormal

groups were evaluated by unpaired t-test. Comparison of the

AV/AO ratios among the groups or the measurement sites

were tested by one-way ANOVA with Turkey or Scheffe test.

Pearson correlation was used to evaluate the relationship of

vessel diameter to age or body weight. A probability value (p

< 0.05) was considered statistically significant.

Results

Subjects

The eleven small breed dogs in the normal group were

composed of four malteses, two poodles, two Shih-tzu dogs,

and each of Spitz, Yorkshire terrier, and Chihuahua weigh-

ing from 2.0 to 7.2 kg and aged between 8 to 13 years.

In the abnormal group, a total of forty-three dogs was

Table 1. The AV and AO diameters, and AV/AO ratio in normal group

Group B Group S

TV TB CrVC TV TB CrVC

AV

Mean ± SD 2.73 ± 0.18b,c 3.34 ± 0.41a,c 4.62 ± 0.56a,b 1.99 ± 0.47b,c 2.67 ± 0.55a,c 3.91 ± 0.60a,b

95% CI 2.60-2.85 3.06-3.61 4.24-5.00 1.67-2.31 2.30-3.04 3.51-4.31

Range 2.5-3.0 2.8-4.3 4.0-5.7 1.4-2.7 1.9-3.9 3.2-4.9

AO

Mean ± SD 6.76 ± 0.60
b,c

8.25 ± 0.88
a,c

9.02 ± 0.99
a,b

4.93 ± 0.93
b,c

6.41 ± 0.96 7.88 ± 0.92

95% CI 6.36-7.17 7.66-8.83 8.35-9.69 4.30-5.55 5.77-7.05 7.17-8.67

Range 6.0-7.9 6.8-9.6 7.9-11.0 3.8-6.4 4.5-7.7 6.2-9.1

Ratio

Mean ± SD 0.40 ± 0.03 0.41 ± 0.04 0.53 ± 0.09a,b 0.40 ± 0.03 0.42 ± 0.04 0.50 ± 0.04a,b

95% CI 0.38-0.43 0.37-0.44 0.46-0.58 0.38-0.42 0.39-0.45 0.47-0.52

Range 0.34-0.47 0.32-0.50 0.38-.066 0.34-0.44 0.35-0.51 0.43-0.57

a)Significant difference with respect to TV level. b)Significant difference with respect to TB level. c)Significant difference with respect to
CrVC level; CI, confidence interval.

Fig 2. Correlation with AV diameter and body weight (BW) (A, B, C), and AO diameter and BW at all levels (D, E, F). Pearson’

correlation coefficient is 0.856 (A), 0.814 (B), 0.822 (C), 0.841 (D), 0.805 (E), and 0.684 (F) respectively, with a P value of <0.001.

included and categorized into three subgroups: high RA pres-

sure (RA), obstruction of CdVC (CVC), and porto-azygos

PSS groups (PSS). Yorkshire terrier (21%) was the most

common breed followed by Maltese (19%), Shih-tzu (17%),

cocker spaniel (13%), Pekingese (7%), poodle (7%) and

mongrel (7%). Each of Schnauzer, Beagle and pointer were

also included. Thirteen dogs were in RA group, where tricus-

pid valve insufficiency was diagnosed in nine dogs, right

atrial mass in two, intracardiac thrombosis and pulmonary

thromboembolism in each one. In the CVC group, sixteen

dogs were included and diagnosed with adrenal masses in 8,

renal masses in 3, hepatic masses in 2, each one of the

abdominal, ovarian, and caudal mediastinal masses. Four-

teen dogs were included in the PSS group.

Vascular evaluation

The AV was originated at the first lumbar vertebra level in
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80% of the normal dogs and at second lumbar vertebra level

in 20%. The insertion level of the AV into the cranial vena

cava was between the fourth and fifth thoracic vertebrae as

65% and 35%, respectively.

The AV and AO diameter values in the normal groups are

shown in Table 1. There were significant differences in AV

diameter of both subgroup B and S among the three different

measurement sites (p < 0.05). In this study, AV diameters on

all three measurement sites were strongly related to body

weight (Fig 2). Aorta diameter obtained from the three mea-

surement sites gradually increased with the cranial direction.

In group B, a significant difference in aorta diameter was

detected among the three measurement sites (p < 0.001).

However, in group S, it was only significantly lower at the

TV level compared to the values from two other sites (p <

0.001). Aorta diameter was also significantly correlated with

the body weights (Fig 2).

The AV/AO ratio in the normal groups are shown in

Table 1. The AV/AO ratio at the CrVC level was higher

than those measured on the other sites (p < 0.001). There

were no significant differences in the AV/AO ratios between

group B and S, and ages of the dogs did not affect the AV/

AO ratio.

In the abnormal groups, the descriptive data related to the

AV/AO ratio on each of the measurement sites are shown in

Table 2. The AV/AO ratio of the RA group measured at the

CrVC level had significantly higher values than at the TV

and TB level (p = 0.013). Compared to the normal groups,

AV/AO ratio at the three measurement sites in the RA group

represented the trend of increase, but the difference was not

statistically significant. The AV/AO ratios of TV and TB lev-

els of the CVC group were significantly higher than those

measured in the normal groups. The AV/AO ratios in the PSS

group were significantly increased at all measurement sites

Table 2. The AV/AO ratio in the abnormal groups

RA group CVC group PSS group

TV TB CrVC TV TB CrVC TV TB CrVC

Median 0.40 0.44 0.54 0.54 0.47 0.48 0.90 0.64 0.76

Mean ± SD 0.41 ± 0.11 0.48 ± 0.14 0.62 ± 0.24* 0.54 ± 0.17 0.49 ± 0.12 0.51 ± 0.12 0.82 ± 0.37 0.65 ± 0.17 0.72 ± 0.22

Range 0.31-0.71 0.30-0.84 0.44-1.26 0.29-0.86 0.32-0.81 0.31-0.74 0.37-1.62 0.32-1.00 0.40-1.03

*Significantly difference from other measurement sites in the RA group (p < 0.05).

Fig 3. The AV/AO ratio of the normal and abnormal groups. The AV/AO ratios measured on the level of the TV (A), TB (B), and

CrVC (C). The AV/AO ratios on the TV and TB level are significantly increased in the CVC group compared with normal group.

The AV/AO ratios on all sites are significantly increased in the PSS group compared to normal group. *P < 0.05, **P < 0.001.

than the normal groups, and it was especially higher at the

TV level (p < 0.001) (Fig 3).

Discussion

The evaluation of anatomical variations of the normal AV

was previously studied using CT angiography in humans

(2,13,15,20,21). Based on these studies, numerous variations

in the origin of the AV were outlined in humans, but studies

related to AV were rarely reported in dogs. The origin of AV

was described where the third lumbar intervertebral veins

were merged at the third lumbar vertebrae level in an ana-

tomic study (7). However, the AV was visible at the level of

the first lumbar vertebrae on CT images (23). In the present

study, we could observe two locations of origins of AV,

which were the first and second lumbar vertebrae levels. The

discrepancy between anatomical and imaging studies was

considered that the AV is too small to be identified on CT

images at the real site of origin.

In this study, the mean AV diameters of the beagle and

small breed dogs at the insertion into the CrVC were mea-

sured 4.62 and 3.91 mm, respectively. According to the pre-

vious report, the AV diameter is approximately 8 mm at its

junction with the CrVC (7). The difference from the previ-

ous study may result from wide variation of body weights in

dogs. Therefore, the absolute AV diameters cannot be used

alone as a criterion of AV dilation. There was a significant

correlation between AV and body weight, whereas AV diam-

eter had no correlation with age in this study. Similarly, the

AV does not increase proportionately in size with age in a

human report (1). However, the relation between AV and

body weight has not been studied in humans. In this study,

the measurement values of AV were gradually increased

from the TV level to the CrVC level, and the mean of the
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diameter at the CrVC level was significantly higher com-

pared to those from other sites.

In human reports, it is thought that the degree of AV dila-

tion could be affected by pulmonary diseases (11,21). Acquired

abnormalities causing enlargement of AV have been reported

fluid overload, an increase of mean right atrial pressure, supe-

rior vena cava obstruction, and inferior vena cava obstruc-

tion in humans (3,4,12,15). The high right atrial pressure is

the main reason for the AV dilation and correlates signifi-

cantly with the AV diameter (15). When the compensation

for obstruction of the superior vena cava or inferior vena cava

is exceeded, collateral vessels are developed. In this case, the

AV system is the most important pathway for decompression

of obstruction (4,15).

In this study, the AV/AO ratio in the abnormal group rep-

resented the tendency of increase compared with the normal

group. The AV/AO ratios of the CVC group and the PSS

group were especially significant different from the normal

group. The change of the AV/AO ratios in the PSS group was

similar to the results of the previous report, where the AV/

AO ratios in the PSS group were about twice than the nor-

mal group (24). The AV/AO ratios of the CVC group at the

level of TV and TB were significantly different from the nor-

mal group, except only the ratio at the CrVC level. It seems

that the level of obstruction affects the degree of the AV dila-

tion. In previous human literature, as the lesion of the obstruc-

tion is positioned whether above or below the AV, the flow

direction will be retrograde or antegrade (15). However, the

AV/AO ratio of the RA group was not significantly increased

than the normal group. It is thought that the RA pressure

increase enough to cause the AV dilation does not occur due

to the chronic disease process.

A major limitation of this study was that the results from a

number of experimental animals and breeds were small in the

normal group, and further investigation is required in a larger

population, including various breeds. Other limitations in the

CVC group, we did not consider the location and duration of

the CVC obstruction.

In conclusion, contrast CT angiography is a useful method

for the identification and assessment of the AV. The AV/AO

ratio obtained from CT images is thought to be a useful fac-

tor for evaluating the AV dilation caused by increase of the

right heart pressure, caudal vena cava obstruction, and porto-

azygos shunt independent to body weight variations.
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