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Abstract
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Background: There is a lack of information regarding the CT appearance of sternal lymph nodes in dogs. This
retrospective anatomic study was aimed to describe the general appearance of sternal lymph nodes in healthy

Results: Twenty-seven dogs with no abnormality in blood work, urinalysis and CT images were included in the study.
Dogs were divided into three weight groups; <10 kg, 10.1 to 30 kg and = 30.1 kg. Multi-planar reconstructions of CT
images were made to identify sternal lymph nodes. The number, location, size, density and heterogeneity of sternal
lymph nodes were recorded. Density and heterogeneity of lymph nodes were measured on pre- and postcontrast
images. Except for one dog, sternal lymph nodes were identified in all the dogs. The mean number of sternal lymph
nodes per dog was 2.1 (SD 0.6), and the most frequent localisation was at the level of the second sternebra (23 dogs;
85%). There was a positive correlation between the weight and all the dimensions of sternal lymph nodes. A significant
negative correlation was found between the age and dorsoventral dimension of the lymph node. Short-to-long axis
ratios were not significantly different between the weight groups. None of the measured dimensions nor the ratio
values was significantly different between the medium-sized dogs (10.1 to 30 kg) and the large dogs (= 30.1 kg). There
was a significant difference between precontrast and postcontrast density and heterogeneity values of sternal lymph

Conclusions: Based on the results, we recommend using the short-to-long axis ratios for sternal lymph node size
evaluation among dogs of different size. Sternal lymph nodes in this study appeared on precontrast examination as
heterogeneous, and homogenous on the postcontrast examination.
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Background

Sternal lymph nodes (SLN) are the only lymph nodes in
the ventral thoracic lymph centre in dogs.[1] Mostly
there is one node on each side of the sternum, but some
variability in number has been described, and sometimes
the lymph nodes are not present.[1-3] They are located
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dorsal to the sternum, medial to the second costal cartil-
age and cranioventral to the internal thoracic artery and
vein.[1, 3] The lymph to SLN is coming from the ster-
num, ribs, thymus, serous membranes, adjacent muscles,
peritoneal cavity, pelvic cavity and thoracic mammary
glands.[1, 3-5] Normal SLN is generally not visible on
radiographs, but in large dogs could be seen.[6, 7] Vari-
ous neoplastic, inflammatory and hematologic diseases
affecting the draining area of SLN can change the ap-
pearance of SLN.[2, 3, 8—10] Enlargement of SLN can
also be found in patients with hemoperitoneum.[10]
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Only a few studies describing canine SLN on computed
tomography (CT) were published.[3, 5, 8].

This study aimed to describe the CT appearance of
SLN in a group of healthy dogs and to provide guide-
lines for clinical practice.

Results

In one dog, 4-month-old Yorkshire Terrier, the SLN could
not be identified on the CT images. This dog was ex-
cluded from the statistical analysis, and only 27 dogs were
used for the study. There were 17 different breeds repre-
sented by Rhodesian Ridgebacks (4; 14.8%), Yorkshire
Terrier (3; 11.1%), Labrador Retriever (3; 11.1%), Beagle
(2; 7.4%), German Shepherd (2; 7.4%), Poodle (2; 7.4%)
and one (3.7%) of each (Australian Shepherd, Bohemian
Shepherd, Bloodhound, Crossbreed, Czechoslovakian
Wolfdog, Fox terrier, German Spitz, Hungarian Pointing
Dog, Shih-Tzu, Staffordshire Bullterrier, West Highland
White Terrier). There were 5 (18.5%) intact females, 4
(14.8%) spayed females, 17 (63%) intact males and one
(3.7%) castrated male. The mean age of the dogs was
74 years (SD 3.08) with a range from 1.3 to 12.2 years.
The mean weight was 23.9 kg (SD 16.11), and the range
was from 2.6 to 58 kg. Nine dogs (33%) were in category <
10 kg, eight (30%) were in the category between 10.1 and
30 kg and ten dogs (37%) were = 30.1 kg.

The mean number of SLN was 2.1 (SD 0.6). Three
dogs (11%) had only one SLN, 17 (63%) dogs had two
SLN, and seven (26%) dogs had three SLN. The most
frequent localisation of SLN was at the level of the sec-
ond sternebra (23 dogs; 85%) (Figs. 1, 2 and 3). The
exact SLN localisation is shown in Table 1.

Except for one dog, the lymph nodes were well defined
with smooth margins (26 dogs, 96.3%). The dog in which
the lymph node margins were not smooth and sharp
was a Yorkshire Terrier weighing 3 kg, and the SLN di-
mension was 5.1 x 2.1 x 1.7 mm.

The longest dimension of SLN was in craniocaudal
(CrCd) direction, and the shortest was in laterolateral
(LL) direction. Descriptive statistics of SLN size is shown
in Table 2, and the ratio values are in Table 3.

There was positive correlation between the weight and
the CrCd (r=0.584, p=0.0014), DV (r=0.503, p=
0.0075), LL (r=0.639, p =0.0003) dimensions of SLN
and also St2DV dimension (r=0.891, p <0.001). From
all the ratio values, only LL/St2DV was found to correl-
ate with the weight (r=-0.441, p=0.02). In the case of
age, there was only one significant correlation with the
SLN DV dimension (r=-0.528, p = 0.0046). All the other
parameters (SLN CrCd, SLN LL, St2DV, CrCd/St2DV,
DV/St2DV, LL/St2DV, DV/CrCd, LL/CrCd) were not
significantly correlated with the age (p > 0.05).

The absolute size of SLN was significantly different
among the weight groups. All the three dimensions were
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Fig. 1 Transversal and sagittal postcontrast CT images with sternal
lymph nodes in a small dog .Transversal (a) and sagittal (b) plane
postcontrast CT images of the thorax of a small dog (< 10 kg)
showing the normal sternal lymph nodes (arrow and arrowhead)
and their localisation. The right side of the animal is on the left side

of the transversal image

significantly different between <10 kg and > 30.1 kg cat-
egories. The DV dimension was different, also between
<10 kg and 10.1 to 30 kg (Table 4).

From the ratio values, only LL/St2DV parameter was
significantly different between <10 kg and 10.1 to 30 kg
(p=0.03) and between <10 kg and >30.1 kg (p=0.01)
(Table 4). All the other ratio values were not signifi-
cantly different between weight groups (p > 0.05).

The mean precontrast and postcontrast density of the
lymph node were significantly different (11.7 HU and
59.3 HU, respectively; p <0.05). The precontrast and
postcontrast heterogeneity values of lymph nodes were
significantly different (12.0 HU and 16.9 HU; p < 0.05).
The precontrast and postcontrast density of the perino-
dal fat was not significantly different (-104.6 HU and -
102.0 HU; p=0.178). Descriptive statistics for density
and heterogeneity values of SLN and density values of
the perinodal fat are presented in Tables 5 and 6,
respectively.

Discussion

This retrospective computed tomography study aimed to
characterise SLN in dogs without any identifiable path-
ology to serve as a rule of thumb for clinical purpose.
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Fig. 2 Transversal and sagittal postcontrast CT images with sternal
lymph nodes in a medium-size dog. Transversal (a) and sagittal (b)
plane postcontrast CT images of the thorax of a medium-size dog
(10.1 to 30 kg) showing the normal sternal lymph nodes (arrow and
arrowhead) and their localisation. The right side of the animal is on
the left side of the transversal image

One dog was excluded from the study because SLN
could not be identified. There are two possible explana-
tions for this observation. Given the young age and small
size of the dog, the lymph nodes could be tiny to be seen
on CT images or were not developed.[1] In all the other
dogs, at least one SLN was identified. Almost all SLN in
this study were well defined with smooth margins. Only
in one dog, the lymph nodes margins were not sharp,
but still identifiable and easy to assess for this study. The
SLN margin perception, in this case, could be influenced
by the size of the dog and scan parameters.

Sagittal plane images were used for more accurate
measurement of the SLN. DV dimension was relative to
the SLN (perpendicular to CrCd dimension). Most of
the SLN has an oblique orientation in the sagittal plane
with a cranial pole of SLN more dorsal than the caudal
pole. Therefore, the DV dimension is falsely bigger if
measured from the transversal plane images.

We have found a negative correlation between age and
the DV dimension of SLN. This association was already

Fig. 3 Transversal and sagittal postcontrast CT images with sternal
lymph nodes in a large dog. Transversal (a) and sagittal (b) plane
postcontrast CT images of the thorax of a large dog (= 30.1 kg)
showing the normal sternal lymph nodes (arrow and arrowhead)
and their localisation. Internal thoracic artery (*) and vein (#) are also
displayed. The right side of the animal is on the left side of the

transversal image

published for medial retropharyngeal lymph nodes in
dogs[11] and abdominal lymph nodes in cats.[12] No in-
formation regarding the correlation between SLN size
and age was previously published.[3, 8] The absolute size
of SLN in all the three dimensions was positively corre-
lated to the body weight. The same was already pub-
lished for the medial retropharyngeal lymph nodes in
healthy dogs.[11] However, previous studies dealing with
SLN measurements found only the DV dimension to be

Table 1 Location of the sternal lymph nodes related to the
adjacent sternebrae

Position of SLN Number of dogs (n=27) Percentage
1st sternebra 2 74
1st —2nd sternebra 6 222
2nd sternebra 7 26.0
2nd — 3rd sternebra 10 37.0
3rd sternebra 2 74
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Table 2 Descriptive statistics of the size of the lymph nodes in
all three dimensions (n=27)

Statistical variable CrCd (mm) DV (mm) LL (mm)
Mean + SD 1244502 53+230 46+158
95% Cl for the mean 1046 to 1443 43610 6.18 399 to 5.24
Minimum 2.5 13 1.7

Median 114 52 4.7
Maximum 215 11.2 7.1

positively correlated to the body weight in healthy
dogs.[3, 8].

The CrCd dimension was the largest one, and LL was
the shortest in all SLN in our study. The LL dimension
was almost 2 to 3 times less than CrCd. In previous pub-
lications, DV/CrCd ratio is commonly used as the short-
to-long axis ratio.[3, 5, 8, 13] However, we calculated
two different short-to-long axis ratios in our study, DV/
CrCd and LL/CrCd. None of these short-to-long axis ra-
tios was significantly different between the weight
groups and could be used as a criterion for lymph node
size evaluation among dogs of variable size. None of the
absolute-size variables or ratio-size values was signifi-
cantly different between the medium-sized dogs (10.1 to
30 kg) and the large dogs (>30.1 kg); however, this
should be tested in the future on a large group of dogs.

This study showed a significant difference between the
precontrast and postcontrast density of SLN. This find-
ing is in concordance with already published results for
SLN in healthy dogs.[8] The lymph nodes are highly vas-
cularised structures and therefore, strongly contrast-
enhancing.[14] The very low precontrast density of SLN
(11.7 HU) could be explained as a result of partial vol-
ume artefact. However, we limited the size of the region
of interest (ROI) to exclude the very peripheral zone of
the lymph node. Still, some of the lymph nodes were
very small, and the measured density could be falsely
lower because of the perinodal fat and the partial volume
artefact in CrCd (z-axis). Another explanation of the low
precontrast density could be the intranodal fat; however,
in most of the nodes, the fat was not visible in the nodal
hilus. The standard deviation for the precontrast density
was too high (15.8 HU) and higher than the mean value
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for the precontrast density (11.7 HU). This means that
there was a wide range of measured densities. There
were four dogs where the measured mean density was
negative, and it has influenced our results. Based on
these results, we can say that the precontrast appearance
of SLN is heterogeneous, and the postcontrast appear-
ance is homogenous. These conclusions are based on a
subjective interpretation of numerical data from a single
measurement. However, no objective interpretation of
such data exists. The precontrast and postcontrast het-
erogeneity values were significantly different based on
the statistical analysis, but we think that this particular
difference is of no practical value.

The previous publication stated normal SLN as
homogenous in a precontrast study and did not evaluate
this parameter after contrast administration.[3] A more
recent publication has measured the heterogeneity of SLN
and has stated that the SLN parenchyma was homogenous
and no significant difference was found between precon-
trast and postcontrast heterogeneity values.[8].

The first limitation of the study is the retrospective de-
sign and heterogenous CT settings, that could affect all
the measured variables. Another limitation is the low
number of dogs in the study and a wide range of age
and weight. It is a consequence of including only dogs
without any pathological conditions that could affect the
appearance of SLN. A single observer measurement is
also a limitation of this study, and a potential human
error could influence the data.

A future study should be aimed at the differences be-
tween the medium-sized and large dogs, and also to ad-
dress the value of intra- and interobserver variability on
the size and density measurements.

Conclusions

Based on our results, the DV dimension of SLN is
smaller in older dogs compared to young dogs. We rec-
ommend using the short-to-long axis ratios for SLN size
evaluation or ratio values of the individual dimension to
the DV dimension of the second sternebra. All these ra-
tio values were not significantly different between the
weight groups of dogs and could be used when compar-
ing lymph nodes in dogs of different size. The data about

Table 3 Descriptive statistics of the ratio values of the lymph node size (n=27)

SLN to second sternebra ratio

SLN short-to-long axis ratio

Statistical variable CrCd/St2DV DV/St2DV LL/St2DV DV/CrCd LL/CrCd
Mean + SD 26+ 144 05+0.17 04+0.17 045+0.15 042 +0.20
95% Cl for the mean 202to 3.16 040 to 0.54 0.36 to 0.50 0.39 to 0.50 0.34 t0 0.50
Minimum 13 02 0.2 0.11 0.16
Median 24 04 04 041 0.36
Maximum 9.1 1.0 1.0 0.75 1.24

SLN sternal lymph node; St2DV dorso-ventral dimension of the 2nd sternebra
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Table 4 Mean values of the lymph node size and ratios for
different weight categories (n =27)
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Table 6 Descriptive statistics for the density values of perinodal
fat (n=27)

Parameter <10kg 10.1 to 30 kg 230.1 kg Statistical variable Precontrast density Postcontrast density
(n=09) (n=098) (n=10) (HU) (HU)

CrCd (mm) 89* 132 15.0% Mean + SD 1046 + 194 -1020+17.9

DV (mm) 3.5+ 6.1* 6.2% 95% Cl for the -1123 to -96.9 -109.1 to -94.9

LL (mm) 36+ 46 5.5% mean

DV/CrCd 040 050 045 Minimum 1385 1328

LL/CrCd 048 038 040 Median 11042 1006

CrCd/st2Dv 262 216 290 Maximum 334 392

DV/St2DV 053 049 040

LL/St2DV 057+ 037* 036"

St2DV dorso-ventral dimension of the 2nd sternebra. Numbers labelled with
the same sign (* or #) are significantly different (p < 0.05). Numbers without
any sign are not significantly different.

the heterogeneity of the lymph nodes are not clear from
this study and needs to be thoroughly studied in the
future.

Methods

Animals

Imaging data from the Small Animal Clinic, University
of Veterinary and Pharmaceutical Sciences Brno between
December 2012 and October 2017 were retrospectively
reviewed. Totally 1407 CT examinations of canine pa-
tients were found. From these data, only CT examina-
tions of the thoracic and abdominal cavity or total-body
examinations were selected (238). From these examina-
tions, we have selected 28 examinations that were classi-
fied as normal on the base of no blood work and
urinalysis abnormalities, and CT findings of unrelated
SLN diseases. None of these dogs had pleural nor peri-
toneal effusion, nor any pathology that could potentially
affect SLN. Indeed, this group consisted of patients with
degenerative disk disease and patients without any obvi-
ous abnormality on CT images within the draining area
of SLN. Sample size calculation was not appropriate as it

Table 5 Descriptive statistics for the density values of sternal
lymph nodes (n=27)

Statistical ~ Precontrast  Postcontrast —Precontrast Postcontrast

variable  density density (HU) heterogeneity heterogeneity
(HU) (HL) (HU)

Mean + 11.7+£1583 593+2967 120+539 169 +6.39

SD

95% Cl 55t0 180 476t0710 99to 142 144 to 195

for the

mean

Minimum  -36.6 -58 42 54

Median 16.5 62.5 114 174

Maximum  39.1 119.7 27.8 359

was a retrospective study with clearly defined inclusion
criteria.

The breed, age, weight and sex were recorded. Dogs
were divided into three weight groups; <10 kg, 10.1 to
30 kg and >30.1 kg. Informed client consent was ob-
tained before each CT examination.

CT examination

All of the CT examinations were performed on a 16-
multislice unit (LightSpeed, GE HealthCare, Milwaukee,
Wisconsin, USA) with the helical acquisition, automatic
mA, 100 or 120 kV, rotation time 0.5—0.7 s, slice thick-
ness 1.25—3.75 mm, pitch 0.938 or 1.375, reconstructed
in a soft-tissue algorithm. The DFOV was customised to
the size of the patient, and the matrix was 512 x 512. All
images were displayed in a soft-tissue window (WW
350, WL 50). All of the dogs received iodine non-ionic
contrast medium iomeprol in a dose of 600 mg I/kg
(Iomeron 300, Bracco Imaging Deutschland GmbH,
Konstanz, Germany). Contrast medium was adminis-
tered into the cephalic vein with a power injector (MCT
Plus, Medrad, Indianola, IA, USA) at a rate of 3 ml/s. All
of the postcontrast series used in the study were ac-
quired 90 to 120 s after the contrast medium adminis-
tration. All of the settings in postcontrast series were the
same as for the precontrast examinations. Dogs were
scanned in sternal recumbency.

CT measurements

Images were reviewed by a single observer (LS) using a
DICOM software (TomoCon Workstation version 22,
TatraMed Software s.r.o., Bratislava, Slovakia). Multi-
planar reconstructions were made to identify SLN. The
number, location, size, density and heterogeneity of SLN
were recorded in all the dogs. The location of SLN was
assessed as a position relative to the adjacent sternebra.
The size of SLN was measured in three orthogonal di-
mensions on transversal and sagittal postcontrast im-
ages. The sagittal images were used to measure CrCd
and DV dimension (Fig. 4A). The transversal images
were used to measure the LL dimension of SLN (Fig. 4B).
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transversal image

Fig. 4 Sagittal and transversal postcontrast CT images show the size measurement of the sternal lymph nodes. Sagittal (a) plane postcontrast CT
image shows the orientation of the electronic calipers for CrCd (red line) and DV (green line) dimensions. Transversal (b) postcontrast CT image
shows the orientation of the electronic calliper for LL (blue line) dimension. The right side of the animal is on the left side of the

Two different short-to-long axis ratios were calculated,
one ratio was calculated as DV to CrCd dimension, and
the other one was LL to CrCd dimension. The DV di-
mension of the second sternebra (St2DV) was measured
from images reformatted in a sagittal plane, and a ratio
of all the SLN dimensions to St2DV was calculated to
account for differences in body size. All the measure-
ments were recorded in mm. Density and heterogeneity
of SLN were measured with a circular/elliptical ROI tool
(Fig. 5). The size of ROI was adjusted to encompass the
largest possible area of SLN without the very peripheral
zone of SLN to avoid the partial volume artefact. Mea-
sured mean attenuation value was used for density as-
sessment and measured standard deviation for

Fig. 5 Transversal postcontrast CT image shows the density measurement
of the sternal lymph node. Elliptical ROl (white) is drawn over the largest
sternal lymph node in transversal CT image. The periphery of the lymph
node is not sampled to avoid the partial volume artefact. The right side of
the animal is on the left side of the transversal image

heterogeneity assessment [15]. All of the measurements
were done on the biggest SLN.

Statistical analyses

A commercial software (Minitab 16, Minitab Inc., Cov-
entry, UK) and Real Statistics Resource Pack software
(Release 6.3) for Microsoft Excel (version 16.26) were
used for statistical analyses. ANOVA and post-hoc
Tukey test were used to compare the SLN size in each
dimension among the weight groups. Size of SLN and
St2DV were correlated to the weight and age using the
Pearson correlation coefficient. Precontrast and postcon-
trast values of density and heterogeneity were compared
using the paired T-test. Statistical significance level was
set at 0.05.
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