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ABSTRACT: The sonographic appearance of the normal abdominal lymph nodes in adult dogs has been well
described, but the data in puppies are scarce and of poor quality. The aim of the current study was to evaluate
any differences in abdominal lymph node sonographic measurements in puppies of various sizes and to deter-
mine whether any differences were correlated with growth and weight gain during the first 10 weeks of life. By
an approach based on prospective and serial measurements, length, width and thickness of jejunal, medial iliac
and hypogastric nodes were obtained in twenty-one healthy puppies of various sizes, at six (T0), eight (T1) and
ten (T2) weeks of age. The relationship between body weight and length, width and thickness of lymph nodes
was evaluated using a Pearson correlation analysis. An ANOVA test was used to compare the measurements at
different ages. Jejunal and iliac lymph nodes were the largest in large breed dogs. In large-sized puppies only the
length of the jejunal lymph nodes correlated positively with width and body weight. Length of medial iliac lymph
nodes correlated positively with width and body weight in all three sizes. None of the measurements of hypogas-
tric lymph nodes were related to body weight. In large-sized puppies jejunal and iliac lymph nodes increased in
length and width with age; in medium-sized puppies only iliac lymph nodes increased; in small-sized puppies
jejunal and iliac lymph nodes significantly decreased in length and thickness. In conclusion, the lymph node sizes
in young animals are directly related to body weight and do not decrease with growth during the first 10 weeks
of life, except in small-sized puppies.
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Ultrasonography is currently considered as the
first step in the imaging assessment of abdominal
lymph nodes, and with the availability of high-
resolution probes, evaluations of the sonographic
features of deep lymph nodes have become increas-
ingly precise. Parietal and visceral lymph nodes can
be identified in the abdomen: the parietal group
includes the lumbar, aortic, renal, medial iliac, hy-
pogastric, sacral and inguinal nodes; the visceral
group includes the hepatic, splenic, gastric, pan-
creatic-duodenal, jejunal and colic lymph nodes
(Pugh 1994).

The ultrasonographic appearance and size of nor-
mal abdominal lymph nodes in adult dogs has been
previously described (Llabrez-Diaz 2004; Nyman et
al. 2005; Mayer et al. 2010). Recently, data regarding
the size of the jejunal and medial iliac lymph nodes

in healthy puppies were also provided (Stander et al.
2010; Krol and O’Brien 2012). Our purpose was to
evaluate, by an approach based on prospective and
serial measurements, whether there were any differ-
ences in measurements of abdominal lymph nodes
in puppies of various sizes and whether any differ-
ences were correlated with growth and weight gain.

MATERIAL AND METHODS

Twenty-one healthy puppies of various sizes were
evaluated: large-sized (n = 7, Anatolian Shepherd
dogs), medium-sized (n = 7, English Setters) and
small-sized (1 = 7, Jack Russell Terriers). The sub-
jects of each breed originated from two different
litters. The same puppies were examined at six
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(T0), eight (T1) and ten (T2) weeks of age, and body
weight was registered at those times. Inclusion cri-
teria were good health and no symptoms of gastro-
intestinal disease, normal haematological profile;
evidence of systemic abnormalities for at least seven
days before, during or two weeks after the study con-
stituted an exclusion criterion. Moreover, a strict
deworming schedule was followed. All treatments,
housing and animal care reported were carried out
in accordance with the EU Directive 2010/63/EU
for animal experiments. The pet owners consented
to have their animals involved in this study. All of
the subjects were fasted for a minimum of 4 h and
examined without chemical restraint by one ob-
server (A.L.P.) using a Mylab 40Vet (Esaote, Italy)
with a microconvex (5—8 MHz) or linear transducer
(7.5-12 MHz). Gain and depth were adjusted and
registered for optimal image quality in similar-
sized puppies. The hair over the abdomen was not
clipped, and the use of isopropyl alcohol (70%) al-
lowed good-quality images. With the dogs in dorsal
recumbency, the jejunal lymph nodes were iden-
tified alongside the cranial mesenteric artery and
vein. The medial iliac and hypogastric lymph nodes
were imaged with the dogs in lateral recumbency,
the first near the bifurcation of the aorta and exter-
nal iliac artery and the second between the internal
iliac and median sacral arteries. The scanning plane
was then adjusted for optimal visualisation of the
lymph nodes in their long axis (sagittal plane) to
evaluate the maximum length and thickness; follow-
ing examination in the long axis, the transducer was
rotated 90° to measure the lymph node maximum
width in the short axis (dorsal plane), as shown in
Figure 1. The average values of three consecutive
measurements were expressed in centimetres (cm).
Regarding the jejunal lymph nodes, the measure-
ments were performed on the largest lymph node.
Data were analysed using Proc GLM SAS (2001) by
applying an ANOVA with repeated measurements
considering the size of lymph nodes (length, width,
thickness) as a dependent variable, according to the
following model:

Yijk = p + (aP)ij + eijk

where:

Yijk = the dependent variable

p = the general mean

a = the independent variable age (i = 6, 8, 10 weeks)

B =the independent variable lymph nodes (j = left, right)
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Figurel. Planes of the lymph nodes used to obtain meas-
urements: (A) sagittal plane for maximum length (a) and
thickness (b); (B) dorsal plane for maximum width (c) in
the short axis

Relationships between body weight and the
length, width and thickness of lymph nodes were
investigated using Pearson correlation analysis.
Statistical significance was set at the P < 0.05 level.

RESULTS

One hundred and fifteen lymph nodes were meas-
ured. Fifteen (71%) jejunal lymph nodes had a vermi-
form shape and six (29%) a miscellaneous shape. The
medial iliac lymph nodes commonly appeared ovoid
(85%) and the hypogastric lymph nodes also appeared
ovoid (74%). All lymph nodes appeared uniformly hy-
poechoic or with a hyperechoic centre. Jejunal and
iliac lymph nodes were the largest in large breed dogs.

Table 1 reports the correlations between length,
width, thickness and weight gain in the puppies
of large size. It was noted that the length of the
jejunal lymph node correlated positively (P < 0.01)
with the width and body weight. The length of the
iliac lymph node also correlated positively with the
width (P < 0.05) and body weight (P < 0.01). The
length of the hypogastric lymph node correlated
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Table 1. Pearson correlation coefficients amongst length (cm), width (cm), thickness (cm) of jejunal, medial iliac and

hypogastric lymph nodes and body weight (kg) in large, medium and small sized puppies

Jejunal Medial iliac Hypogastric

length  width tﬂ:;l; “‘,’e"i;}{t length  width tﬂ‘e‘j; v'v’gglylt length  width tﬂ‘:sl; v];;;}yu
Large sized puppies
Length 1.00 0.68*** 0.17 0.77*** 1.00 0.33* 0.18 0.58*** 1.00 0.34* 0.21 0.02
Width - 1.00 0.25 0.39 - 1.00 0.16 0.44** - 1.00 0.42***  —-0.06
Thickness - - 1.00 0.21 - - 1.00 0.23 - - 1.00 -0.19
Body weight - - - 1.00 - - - 1.00 - - - 1.00
Medium sized puppies
Length 1.00 0.46* 0.53** 0.21 1.00 0.57*** 0.15 0.40%* 1.00 0.09 0.25* 0.23
Width - 1.00 0.50** 0.11 - 1.00 0.17 0.32% - 1.00 0.15 -0.27¢
Thickness - - 1.00 0.01 - - 1.00 0.01 - - 1.00 0.09
Body weight - - - 1.00 - - - 1.00 - - - 1.00
Small sized puppies
Length 1.00 -0.18 0.56** -0.11 1.00 0.38* 0.12 0.41**  1.00 041* 043** -0.13
Width - 1.00 0.10 0.42*% - 1.00 0.48* 0.11 - 1.00 0.52*** -0.14
Thickness - - 1.00 0.20 - - 1.00 -0.06 - - 1.00 -0.02
Body weight - - - 1.00 - - - 1.00 - - - 1.00

*, **, *** significant at the P < 0.05, 0.01 and 0.001 levels, respectively

positively with the width (P < 0.05) and thickness
(P < 0.01). None of the measurements of this node
were related to the body weight.

Table 1 reports the correlations between length,
width, thickness and weight gain in the puppies of
medium size. In jejunal lymph nodes, the length
and width were directly related (P < 0.05), as were
length and thickness and width and thickness (P <
0.01). The average length of the iliac lymph nodes
correlated positively with the width (P < 0.01) and
body weight (P < 0.01); the width was also directly
related to body weight (P < 0.05). Finally, the length
of the hypogastric lymph node was correlated with
thickness (P < 0.05), but the width was negatively
correlated with body weight (P < 0.05).

Table 1 reports the correlations between length,
width, thickness and weight gain in the puppies of
small size. The length of the jejunal lymph node
was positively correlated with thickness (P < 0.01),
and the width was related to body weight (P < 0.05).
The length of the medial iliac lymph node was cor-
related with width (P < 0.05) and body weight (P <
0.01), as were the width and thickness (P < 0.01).
The length of the hypogastric lymph node was re-
lated to both width and thickness (P < 0.01), while
the width was strongly correlated to the thickness
(P < 0.01).

Significant results from serial time examinations
are reported in Table 2. In large size puppies, it ap-
peared that the jejunal lymph nodes grew in length
after four weeks (T2) compared to the first meas-
urement (T0) (mean values 3.94 cm vs. 4.74 cm; P <
0.05). The right medial iliac lymph nodes increased
in length at T1 (2.20 cm vs. 2.64 cm; P < 0.05),
while the left medial iliac lymph nodes increased
in length (2.48 cm vs. 3.09 cm; P < 0.01) and width
(0.45 cm vs. 0.64 cm; P < 0.01) at T2. The right
hypogastric lymph node decreased significantly in
width (0.29 cm vs. 0.23 cm; P < 0.05) and thickness
(0.47 cm vs. 0.35 cm; P < 0.01) at T2.

In the medium size group, the jejunal lymph node
did not change during the period of evaluation. The
medial iliac lymph nodes increased significantly at
T1 and T2. The length (1.99 cm vs. 2.68 cm; P <
0.01) and width (0.37 cm vs. 0.49 ¢m; P < 0.01) of
the right medial iliac lymph node increased sig-
nificantly at T1 and at T2. The length (2.26 cm vs.
2.79 cm; P < 0.05) and width (0.40 cm vs. 0.51 cm;
P < 0.01) of the left medial iliac lymph node in-
creased significantly at T2.

In small-sized puppies, it emerged that the length
of the jejunal lymph nodes decreases significantly at
T2 (2.84 cm vs. 2.60 cm; P < 0.05). The only differ-
ence detected in the medial iliac lymph nodes was
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Table 2. Trend of significant variation of measurements of different lymph nodes in puppies of all sizes in relation to

the examination time; means values expressed in cm + SD; six (T0), eight (T1) and ten (T2) weeks of age

Size Node Measurement T1 T2
jejunal length 3.94 + 0.56° 4.55 + 0.71%* 4.74 + 0.62°
right length 220+ 0.18° 2.64 + 0.40P 2.78 + 0.09°
Large iliac left length 2.48 + 0.374 2.65 + 0.374 3.09 + 0.58B
breed left width 0.45 + 0.06* 0.53 + 0.124¢ 0.64 + 0.115¢
, right width 0.29 + 0.05° 0.25 + 0.04*¢ 0.23 + 0.05>
hypogastric - -
right thickness 0.47 + 0.08* 0.25 + 0.05% 0.35 + 0.078
right length 1.99 + 0.522 2.49 + 0.36 2.68 + 0.375
Medium - left length 2.26 + 0.62° 2.62 + 0.47%¢ 2.79 + 0.31%°
breed iliac right width 0.37 + 0.08* 0.47 + 0.08° 0.49 + 0.088
left width 0.40 + 0.10° 0.45 + 0.07° 0.51 % 0.09"
jejunal length 2.84 + 0.65° 3.15+0.39° 2.60 + 0.44%
iliac left thickness 0.35 + 0.14% 0.51 + 0.068 0.36 + 0.138¢
gzzg left length 0.78 £ 0.11° 0.81 £ 0.09% 0.92 £ 0.07"¢
hypogastric right thickness 0.31 + 0.04° 0.40 + 0.08"° 0.33 £ 0.07%
left thickness 0.28 + 0.14 0.37 + 0.03 0.36 + 0.05%
a-b

A-C

the thickness of the left node, which significantly
increased at T1 (0.35 cm vs. 0.51 cm; P < 0.01) and
decreased at T2 (0.51 cm vs. 0.36 cm; P < 0.01). The
length of the left hypogastric lymph node increased
significantly at T2 (0.78 cm vs. 0.92 cm; P < 0.05).
The thickness of the right hypogastric lymph nodes
increased at T1 (0.31 cm vs. 0.40 cm; P < 0.05) and
decreased at T2 (0.40 cm vs. 0.33 cm; P < 0.05). The
thickness of the left nodes increased at T1 (0.28 cm
vs. 0.37 cm; P < 0.05).

DISCUSSION

Various factors, such as breed, body weight, ge-
netics and antigenic stimuli, may influence lymph
node size in puppies. In puppies the lymph nodes
are easily detectable. In this study, jejunal lymph
nodes showed mainly a vermiform shape; the medi-
al iliac lymph nodes commonly appeared ovoid and
the hypogastric lymph nodes also appeared ovoid.
The shape and echogenicity of lymph nodes were
similar to those reported in other studies (Mayer
et al. 2010; Krol and O’Brien 2012).

The size of lymph nodes may be influenced by the
position of the patient and by the scanning plane. For
this reason we used a standard approach: dorsal re-
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means in the same row with different superscripts are significant at P < 0.05
means in the same row with different superscripts are significant at P < 0.01

cumbency for jejunal lymph nodes and lateral recum-
bency for medial iliac and hypogastric lymph nodes.
In this study, we used one transverse measurement
on the short axis image (width) and two measure-
ments on the long axis image (length and thickness).
In contrast to previous studies (Agthe et al. 2009), the
width and thickness of jejunal lymph nodes were not
directly related to growth in any of the sizes evalu-
ated; rather, we found that the length of the jejunal
lymph node was directly related to growth in large
breed dogs and decreased in small breed dogs only.
However, in that study, length was not measured, and
the dogs belonged to a variety of breeds and were aged
between six months and 14 years.

The length and thickness of medial iliac lymph
nodes reported in our study are greater than
those reported in previous studies in puppies of
4—6 weeks (Krol and O’Brien 2012) and in adult
dogs (Mayer et al. 2010); also, the length and the
width of these lymph nodes were directly related to
growth. Jejunal and iliac lymph nodes were the larg-
estin large breed dogs. This has also been reported
in one previous study, which considered only the
length of the jejunal and medial iliac lymph nodes
in relation to breed (Krol and O’Brien 2012).

In another study, researchers found no significant
differences regarding the width of iliac lymph nodes
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compared to the breed, but their results consid-
ered only one measurement of the nodes (Mayer
etal. 2010). During the time interval of evaluation,
we found an increase in length of jejunal nodes in
large-sized puppies and dimensions of iliac lymph
nodes directly correlated with body weight in pup-
pies of all three sizes. This is similar to previous
studies of jejunal lymph nodes (Agthe et al. 2009)
and retropharyngeal lymph nodes (Burns et al.
2008) but it is in contrast with other data (Stander
et al. 2010). It must be emphasised that these au-
thors took only one measurement (thickness). In
the three groups examined no statistical correlation
was detected between body weight and dimensions
of hypogastric lymph nodes. The dimensions of
hypogastric lymph nodes decreased during serial
controls. No data on dimensions were reported for
these lymph nodes in puppies.

One limitation of this study is the relatively short
period of observation (30 days), while the serial
control methodology is more statistically reliable
than a single evaluation. We have not statistically
analysed the data obtained to compare the puppies
from different litters of the same breed, but some
authors (Krol and O’Brien 2012) have proposed the
evaluation of lymph node measurements in relation
to environmental variables linked to the bitch and
the puppies.

In conclusion, the lengths of the medial iliac
lymph nodes that we describe here in puppies are
greater than previously described by others. Also,
we show that lymph node sizes in very young ani-
mals do not decrease with age, except in small size
puppies, and are directly related to body weight.
Only the hypogastric lymph node showed a de-
crease in dimensions during growth without cor-
relation with body weight.
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