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Background: Apocrine gland adenocarcinoma of the anal sac (AGAAS) is associated with high rates of iliosacral lymph

node metastasis, which may influence treatment and prognosis. Magnetic resonance imaging (MRI) recently has been shown

to be more sensitive than abdominal ultrasound examination (AUS) in affected patients.

Objective: To compare the rate of detection of iliosacral lymphadenomegaly between AUS and computed tomography

(CT) in dogs with AGAAS.

Animals: Cohort A: A total of 30 presumed normal dogs. Cohort B: A total of 20 dogs with AGAAS that underwent

AUS and CT.

Methods: Using cohort A, mean normalized lymph node : aorta (LN : AO) ratios were established for medial iliac, inter-

nal iliac, and sacral lymph nodes. The CT images in cohort B then were reviewed retrospectively and considered enlarged if

their LN : AO ratio measured 2 standard deviations above the mean normalized ratio for that particular node in cohort A.

Classification and visibility of lymph nodes identified on AUS were compared to corresponding measurements obtained on

CT.

Results: Computed tomography identified lymphadenomegaly in 13 of 20 AGAAS dogs. Of these 13 dogs, AUS correctly

identified and detected all enlarged nodes in only 30.8%, and either misidentified or failed to detect additional enlarged nodes

in the remaining dogs. Despite limitations in identifying enlargement in all affected lymph nodes, AUS identified at least 1

enlarged node in 100% of affected dogs.

Conclusion and Clinical Importance: Abdominal ultrasound examination is an effective screening test for lymphade-

nomegaly in dogs with AGAAS, but CT should be considered in any patient in which an additional metastatic site would

impact therapeutic planning.
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Apocrine gland adenocarcinoma of the anal sac
(AGAAS) represents 17% of perianal tumors and

2% of all skin tumors in the dog.1–3 Treatment can be
challenging given its local invasiveness, rapid metastasis
to regional lymph nodes, and association with paraneo-
plastic hypercalcemia.4 Reported metastatic rates in
dogs with AGAAS are variable, with 36–96% of
affected dogs having demonstrable lymph node metasta-
sis at the time of diagnosis.4–9 Distant metastatic sites,
such as the lungs, liver, spleen, bone, and less frequently
the heart, adrenal glands, pancreas, kidneys, and medi-
astinum have been reported to develop later in the
course of disease.2,5–7

The current standard clinical approach to staging a
patient with AGAAS involves CBC, biochemistry

profile, urinalysis, 3-view thoracic radiographs, and
abdominal ultrasound examination (AUS).10 These
staging tests are important to identify regional or dis-
tant metastatic disease, which influences prognosis and
helps identify patients in which treatment should
include chemotherapy, radiotherapy, or both.6,9,11

Recently, magnetic resonance imaging (MRI) has been
shown to be more sensitive than AUS in identifying
lymphadenopathy in dogs with AGAAS, with AUS fail-
ing to detect 67% of lymphadenopathy identified on
MRI.1 Conversely, another recent study comparing
results of AUS and computed tomography (CT) in
assessment found that significantly more nodes within
the iliosacral lymphocenter can be identified using CT,
but that CT was not superior to AUS in identifying
abnormal lymph nodes.12 One major limitation of both
of these recent studies is that lymph nodes were subjec-
tively deemed abnormal on the imaging modalities
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before tissue sampling. Neither study established an
objective quantitative means for advanced imaging clas-
sification of lymphadenomegaly.

The most common site of metastasis in dogs with
AGAAS is the iliosacral lymphocenter.4 This lympho-
center is responsible for draining the pelvic and perineal
region and is comprised of the medial iliac, internal iliac
(previously termed hypogastric), and sacral lymph
nodes. Ultrasonographic and CT features of these
lymph nodes have been described in normal dogs.13–16

In 1 CT study of 19 healthy dogs, these abdominal
nodes were described as having an elongated shape (ap-
proximately 75% of nodes) with mean dimensions
(length 9 width 9 thickness) of 22.8 mm 9 6.7 mm 9
4.6 mm for medial iliac and 10.3 mm 9 4.8 mm 9
3.7 mm for internal iliac and sacral lymph nodes com-
bined.13 Ultrasonographically, these measurements vary
with body size, but normal medial iliac lymph nodes
range in width from 4.3 to 8.9 mm.14 In both benign
(reactive) and malignant disease, lymph nodes may
become larger, more visible, appear hypoechoic, and
take on a rounded shape.15,16

Given lower cost, shorter anesthesia time, and
increased availability, as well as being the imaging
modality of choice for radiotherapy planning, CT may
be a more appropriate imaging modality than MRI for
evaluation of the iliosacral lymphocenter in dogs with
AGAAS. The purpose of our study was to establish a
baseline normalized CT size of nonmetastatic lymph
nodes within the iliosacral lymphocenter to assess the
rate of detection of iliosacral lymphadenomegaly
between AUS and CT in dogs with AGAAS.

Materials and Methods

Cohort Identification

A group of 30 presumed normal dogs was selected to establish

a baseline for normal lymph node size of the medial iliac, internal

iliac, and sacral lymph nodes. A search of the Tufts Cummings

School of Veterinary Medicine (TCSVM) imaging database was

performed for abdominal, pelvic, and whole-body CT studies. Ani-

mals in which CT included the region of the lymph nodes of inter-

est and in which underlying disease was determined not to affect

the iliosacral lymphocenter were included. This group is referred

to as cohort A.

A retrospective search was performed of medical records of dogs

with AGAAS evaluated at TCSVM or Tufts Veterinary Emergency

Treatment and Specialties between June 2009 and February 2016.

Patients were included if they met the following criteria: (1) histo-

logic or cytologic diagnosis of AGAAS, (2) underwent both CT

and AUS imaging within 4 weeks of each other, and (3) Digital

Imaging and Communications in Medicine (DICOM) images were

available for review. Dogs were excluded from the study if they

underwent therapy (surgery, chemotherapy, radiotherapy, or some

combination) directed at the iliosacral lymph nodes between imag-

ing modalities. Twenty dogs met all of the criteria and were

included in the study. This group is referred to as cohort B.

Image Analysis

Computed tomographic images for dogs were acquired with an

8- or 16-slice CT scanner.a Volume data were obtained, and

images were reconstructed in 2.0- to 5.0-mm slice thickness.

Technical settings were 110–140 kV, 100–300 mA, 0.5- to 1.0-

seconds tube rotation time, 250–500 mm field of view, and a

512 9 512 matrix. Postcontrast images (evaluated only in cohort

B) were made 1–10 minutes after manual injection of 2.2 mL/kg

body weight of 300 mg I/mL iodinated contrast.b For cohort A,

26 dogs were scanned in sternal recumbency and 4 dogs in dorsal

recumbency. For cohort B, 16 dogs were scanned in lateral recum-

bency, 2 in dorsal recumbency, and 2 in sternal recumbency.

Short-term apnea was induced with manual hyperventilation in all

dogs. All images were reviewed and measurements made in

DICOM format, on an American College of Radiology compliant

workstation using medical image viewing software.c All CT images

were examined by a single board-certified veterinary radiologist

(RK) using previously reported criteria for lymph node shape, size,

and density as guidelines in evaluation.13–16 Data collected for

both cohorts included maximum diameter (largest dimension on a

single transverse view) and cross-sectional area (as calculated by

image interpretation softwarec after tracing of lymph node perime-

ter at the slice of maximum nodal diameter) of each visible lymph

node. All lymph node measurements were performed on images in

a transverse plane.

For all dogs (both cohorts), lymph node diameter was normal-

ized for body size based on aortic dimension as follows: The diam-

eter of the aorta for each dog was measured on a transverse view

of postcontrast images at the level of the L5–L6 intervertebral disk

space (Fig 1). The size of each node then was expressed as a ratio

of the maximum diameter of the lymph node to the aorta

(LN : AO). The mean ratio for each node location (medial iliac,

internal iliac, and sacral) was calculated for cohort A.

Nodes in the AGAAS patients (cohort B) were considered

enlarged if their LN : AO ratio measured 2 standard deviations or

more above the mean normalized ratio for that particular node in

cohort A.

All AUS images were reviewed. When lymph node images for

specific lymph nodes were not available, assessment of abnormal-

ity, enlargement, or both was obtained from the AUS report.

Lymph nodes were considered enlarged based on the opinion of

the ultrasonographer performing the scan using previously

reported size guidelines.14–16 Classification for lymph node abnor-

mality and enlargement on AUS was binary (yes/no). For each

patient, classification and visibility of nodes identified on AUS

were compared to corresponding lymph node measurements

obtained on CT.

Statistical Analysis

Statistical analysis was performed using a computerized statisti-

cal program.d Data were checked for normality using the Kol-

mogorov–Smirnov test using P ≤ .01. All variables were found to

be normally distributed except for age of dogs in cohort A and

medial iliac lymph node measurements in cohort B overall

(n = 20). Lymph node measurements were normally distributed in

cohort A and when evaluating only enlarged nodes in cohort B.

Differences in mean body weight and age between cohorts A and

B were evaluated using a t-test with P ≤ .05 considered statistically

significant. Descriptive statistics (mean � standard deviation and

range for normally distributed variables and median and range for

non-normally distributed variables) were collected for the follow-

ing variables: age, body weight, maximum nodal diameter,

cross-sectional area of lymph nodes, and LN : AO ratios.

Results

Cohort A

The control group included 10 castrated males, 16
spayed females, 3 intact females, and 1 intact male. The
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breeds in this group varied and included 5 Labrador
Retrievers, 3 Golden Retrievers, 2 Pomeranians, 2
Yorkshire Terriers, and 1 each of the following breeds:
Boston Terrier, Old English Sheepdog, Labrador-
Poodle cross, Irish Wolfhound, Miniature Schnauzer,
French Bulldog, Great Pyrenees, Newfoundland, Whea-
ten Terrier, Rottweiler, German Shepherd, Brittany
Spaniel, Springer Spaniel, Cocker Spaniel, Pug, Scottish
Terrier, Leonberger, and West Highland White Terrier.
Reasons for CT imaging in this group included por-
tosystemic shunt, ectopic ureters, hind limb lipoma,
adrenal nodule, hemorrhagic gastroenteritis, gallbladder
stones, chronic liver disease, microvascular dysplasia,
abdominal effusion, insulinoma, cystic calculi, bilateral
hip luxation, and total hip replacement planning. The
median age was 3.7 years (range, 6 months to
11.3 years), and the mean body weight was
21.2 � 14.7 kg (range, 2.1–49.9 kg).

Maximum diameters and normalized values for the
largest medial iliac, internal iliac, and sacral lymph
nodes of each patient in cohort A as measured on CT
are listed in Table S1. Computed tomography identified
medial iliac lymph nodes in all 30 dogs (mean maxi-
mum diameter, 7.4 � 2.8 mm; mean cross-sectional
area, 34.1 � 23.5 mm2), internal iliac lymph nodes in
25 dogs (mean maximum diameter, 5.5 � 2.2 mm;
mean cross-sectional area, 20.5 � 14.6 mm2), and sacral
lymph nodes in 17 dogs (mean maximum diameter,
4.8 � 2.3 mm; mean cross-sectional area, 14.6 �
11.5 mm2). Mean LN : AO ratios were as follows:
0.9 � 0.2 for medial iliac lymph nodes, 0.6 � 0.2 for
internal iliac lymph nodes, and 0.6 � 0.2 for sacral
lymph nodes. Based on these normal values, we estab-
lished the following criteria for classification of a lymph
node as enlarged in cohort B: a normalized LN : AO
ratio ≥1.3 for medial iliac lymph nodes, ≥1.0 for inter-
nal iliac lymph nodes, and ≥1.0 for sacral lymph nodes.
That is, lymph nodes in cohort B are considered
enlarged if maximum diameter was ≥2 standard devia-
tions above the mean normalized ratio in cohort A.

Cohort B

The AGAAS patients included 13 castrated males, 6
spayed females, and 1 intact male. Breeds varied and
included 4 German Shepherds, 3 Labrador Retrievers, 2
Golden Retrievers, and 1 each of the following breeds:
Belgian Shepherd, hound cross, American Cocker Spa-
niel, English Springer Spaniel, Bichon Frise, Siberian
Husky, Australian Cattle Dog, Shi Tzu, Shiba Inu,
Alaskan Klee Kai, and Labrador-Poodle cross. The
mean age was 11.0 � 2.7 years (range, 6–18.0 years),
and mean body weight was 24.4 � 10.7 kg (range, 6.1–
43.2 kg). There was no significant difference in mean
weight between the 2 cohorts (21.2 kg versus 24.4 kg,
P = .40). Dogs in Cohort B were significantly older
than those in Cohort A (11.0 years versus 3.7 years,
P < .001). Time between AUS and CT imaging in
cohort B ranged from 2 to 28 days.

Overall in cohort B, CT identified medial iliac lymph
nodes in 17 dogs (median [range] maximum diameter
12.0 mm [4.8–37.1 mm], median [range] cross-sectional
area 55.3 mm2 [16.4–963.9 mm2], median [range]
LN : AO ratio 1.2 [0.5–3.3]), internal iliac nodes in 17
dogs (mean maximum diameter, 21.2 � 13.8 mm; mean
cross-sectional area, 400.5 � 202.3 mm2; mean LN : AO
ratio, 2.1 � 1.3), and sacral nodes in 15 dogs (mean max-
imum diameter, 22.0 � 15.1 mm; mean cross-sectional
area, 234.7 � 241.6 mm2; mean LN : AO ratio, 2.1 �
1.5).

Of the 20 dogs in cohort B, 13 dogs had lym-
phadenomegaly in the iliosacral lymphocenter identi-
fied by CT using the LN : AO classification
established in cohort A. Lymphadenomegaly involved
a single node of the iliosacral lymphocenter in 3 dogs
and multiple nodes of the iliosacral lymphocenter in
10 dogs. In these 13 patients, 8 medial iliac lymph
nodes (mean maximum diameter, 22.7 � 8.5 mm;
mean cross-sectional area, 340.6 � 318.8 mm2; mean

A

B

Fig 1. (A) aorta measurement and (B) lymph node measurement.

The diameter of the aorta was measured on a transverse view at

the level of the L5–L6 intervertebral disk space. The size of each

node was then expressed as a ratio of the maximum diameter of

the lymph node to the aorta (LN : AO) of the same dog. In this

example, the medial iliac LN : AO = 2.4 cm/1.2 cm = 2.0.
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AO : LN ratio, 2.2 � 0.8), 11 internal iliac lymph
nodes (mean maximum diameter, 29.1 � 10.4 mm;
mean cross-sectional area, 537.8 � 327.3 mm2; mean
AO : LN ratio, 2.8 � 1.0), and 9 sacral lymph nodes
(mean maximum diameter, 31.2 � 12.4 mm; mean
cross-sectional area, 360.2 � 222.5 mm2; mean
AO : LN ratio, 3.1 � 1.2) were considered enlarged.

Ultrasound examination correctly identified 7 of 8
(87.5%) enlarged medial iliac lymph nodes, 4 of 11
(36.4%) internal iliac lymph nodes, and 4 of 9 (44.4%)
sacral lymph nodes (Table S2). When considering nodal
location (medial iliac, internal iliac, or sacral) within the
iliosacral lymphocenter, AUS correctly identified all
enlarged lymph nodes in 30.8% of patients (n = 4);
missed 1 additional enlarged lymph node location in
38.5% of patients (n = 5); and missed 2 additional
enlarged lymph node locations in 30.8% of patients
(n = 4). A total of 5 of the 20 dogs in cohort B (25%)
had cytologic (n = 3) or subsequent histologic (n = 2)
evaluation of lymph nodes within the iliosacral lympho-
center. Results identified metastatic adenocarcinoma in
all 5 cases. For these 5 dogs (patients 3, 5, 8, 15, and 19
in Table S2), the confirmed metastatic lymph node was
identified as enlarged on both AUS and CT imaging.
Overall, as compared to CT, AUS is useful for binary
classification (yes/no) of the presence of any lymphade-
nomegaly within the iliosacral lymphocenter (AUS
detected at least 1 enlarged node in 100% of cases), but
its ability to identify specific nodal lymphadenomegaly
is much lower because AUS failed to detect all individu-
ally enlarged lymph nodes in 69.2% of cases (n = 9).

Discussion

Identification of lymphadenomegaly in AGAAS
patients is an important component of staging and ther-
apeutic planning. Because imaging-identified lymphade-
nomegaly does not guarantee metastatic disease and
because there are currently no pathognomonic imaging
characteristics for lymph node metastasis, any lymph
nodes identified as mildly to moderately enlarged should
be sampled using ultrasound-guided fine-needle aspira-
tion or core biopsy.1,9 Presence of lymph node metas-
tases has been shown to be a negative prognostic
indicator, in that patients with metastatic lym-
phadenopathy have a significantly shorter median sur-
vival time than patients with nodes of normal size.9,11,17

Identification and extirpation of metastatic nodes has
been correlated with improved survival in dogs without
distant metastasis compared to animals in which nodal
metastases were not removed.9,18 Furthermore, incorpo-
ration of chemotherapy into a treatment regimen has
been suggested to have a survival benefit when adminis-
tered to patients with lymphadenomegaly >4.5 cm in
maximum diameter.9

A recent study has shown MRI to be more sensitive
than AUS for detecting abdominal lymphadenopathy in
dogs with AGAAS.1 Although informative, this study
was relatively small using data from only 6 dogs with
AGAAS. It differs from the current study in that nor-
mal values for size of nodes in the iliosacral

lymphocenter on MRI were not established. Another
recent study showed CT to be more sensitive than AUS
in detecting absolute numbers of iliosacral lymph nodes,
but it failed to detect more abnormal lymph nodes.12

Again, this study had a small sample size of 12 dogs
and CT imaging classification before lymph node sam-
pling subjectively deemed nodes to be normal or abnor-
mal based on previously reported variables.12,13 Our
study differs in this regard by objectively defining lym-
phadenomegaly on CT imaging based on establishment
of a normalized LN : AO ratio. This approach may
help determine when diagnostic sampling of a lymph
node for further evaluation should be considered,
whether or not a given lymph node should be included
in surgical or radiotherapy planning, or both.

To determine a baseline measurement for each lymph
node, we first selected a group of 30 unaffected dogs to
serve as presumed normal controls. This control group
(cohort A) was weight-matched to the AGAAS group
(cohort B) to account for the potential effect of body
size on lymph node size. Based on a prior retrospective
study that found the average size of the medial
retropharyngeal lymph nodes not affected by age, the
cohorts in the current study were not age-matched.19

We acknowledge these results may not have been
appropriately applied to our current population in
which different lymph nodes were evaluated.

We also took into consideration potential differences in
lymph node size based on patient size by evaluating the
LN : AO ratio on CT imaging. A ratio using the aorta
has been used previously with ultrasonography to estab-
lish reference values for kidney size in healthy dogs,20 and
as a landmark for studies identifying left atrial enlarge-
ment21 and portal vein diameter in dogs with portosys-
temic shunts.22 It is uncertain whether this comparison
holds true with CT imaging because there are no studies
evaluating the technique using CT. Other factors also
may affect aortic size, such as body condition score and
hydration status, for which we were unable to control.

Given that, for a normalized data set, 95% of the
population should fall within 2 standard deviations of
the mean, we considered a lymph node enlarged if it fell
above this range.23 Using this upper limit, 13 of the 20
dogs in cohort B had enlarged lymph nodes identified
by CT. Ultrasound examination identified at least 1
enlarged lymph node in each of these 13 patients,
although in most cases (69.2%), it missed 1 or 2 other
abnormal lymph nodes identified by CT in the patient,
and in other cases, it incorrectly identified which specific
node was enlarged. This difference in the detection of
lymphadenomegaly may be clinically relevant because
surgical planning based on ultrasound imaging alone
may result in failure to identify and subsequently resect
a lymph node that is potentially metastatic. This con-
cern may be more important for sacral nodes, which
are more difficult to visualize or palpate at surgery.

Ultrasound examination was able to identify 87.5%
of enlarged medial iliac lymph nodes, but only identified
36.4% internal iliac nodes, and 44.4% sacral nodes
found to be enlarged on CT. Sacral nodes are often dif-
ficult to image using AUS because of their intrapelvic
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location directly ventral to the sacral body, and dorsal
to the pubis.1 Furthermore, sacral nodes may be incon-
sistently present in a dog and difficult to differentiate
from the internal iliac lymph nodes.13,24 These factors
may have contributed to the low number identified on
AUS in our study. Similarly, sacral lymph nodes also
may be missed during abdominal exploratory surgery
for medial iliac lymph node extirpation, resulting in
residual gross disease in the patient. Because of their
location directly caudal to the medial iliac lymph nodes,
between the internal iliac and median sacral arteries,
internal iliac lymph nodes should be more easily visual-
ized on AUS, especially if enlarged.25 Potential causes
for the low rate of detection of internal iliac lymph
nodes on AUS in our study include close or convergent
association with medial iliac lymph nodes (2 lymph
nodes measured as 1) or misidentification of internal
iliac lymph nodes as either medial iliac or sacral nodes.

A prior study reported a predominance of metastasis
to the sacral lymph nodes in patients with AGAAS,
given that they are anatomically closest to the anal
glands.1 Although our study lacked confirmation of
metastasis in the majority of dogs, the incidence of lym-
phadenomegaly as determined by CT was similar for all
3 nodes: internal iliac lymphadenomegaly was most
common (n = 11), followed by sacral (n = 9) and med-
ial iliac (n = 8) lymphadenomegaly.

Because our study design was retrospective, it has
inherent limitations. The AUS data collected relied on
reports written by the radiologist at the time of the
examination, and utilized evaluation of saved rather
than real time images. In some cases, the report referred
to lymph nodes as “within normal limits” and did not
specify if that meant that the operator saw the node
and determined that it was of normal size or if he or
she failed to visualize the node. Because our primary
endpoint was identification of enlarged lymph nodes,
we felt that this difference was not relevant because
both situations would lead to a classification as negative
for lymphadenomegaly and lead to the same clinical
outcome. Furthermore, CT slice thickness could not be
selected or standardized for CT imaging and in some
scans, it may have been larger than ideal for identifica-
tion of small-volume structures. An undetected lymph
node would only occur if the node was smaller than the
given slice thickness and thus would be considered
within normal limits for size. A previous report on CT
characteristics of presumed normal abdominal lymph
nodes in dogs failed to detect a relationship between the
number of identified lymph nodes and CT slice thick-
ness.13 However, sacral lymph nodes in particular tend
to be the smallest in this lymphocenter, and decreasing
slice thickness may improve accuracy of measurement.
Another limitation stems from the timing between AUS
and CT imaging, leading to the potential that lymph
node size could change within 4 weeks. In only 4 dogs
was the interval between imaging modalities >14 days.
In 3 of these dogs (patients 13, 16, and 18 with a
20-day, 20-day, and 27-day interval, respectively), all
lymph nodes were considered within normal limits for
size on both AUS and CT. In the dog (patient 3) with

the longest interval of 28 days, the medial iliac lymph
node was considered enlarged on both AUS and CT,
but only CT detected enlarged internal iliac and sacral
lymph nodes.

Dogs in cohort A were selected with the intent to
avoid including patients with lymphadenopathy, but
lack of histopathologic examination to verify absence of
pathology of the identified lymph nodes in these pre-
sumed normal dogs is a another limitation of the study.
The mean (range) maximum diameter of medial iliac
lymph nodes of 7.4 mm (2.7–13.0 mm) found in cohort
A of our study is similar to the mean CT width (range)
of 6.7 mm (2.4–11.2 mm) for presumed normal medial
iliac lymph nodes previously reported in dogs.13 This
prior CT study in dogs failed to make a clear differenti-
ation between internal iliac and sacral lymph nodes but
reported a mean width (range) for these nodes in pre-
sumed normal dogs on CT of 4.8 mm (2.0–9.2 mm),13

which again is similar to the mean (range) maximum
diameters of 5.5 mm (2.4–10.5 mm) for internal iliac
and 4.8 mm (0.9–8.6 mm) for sacral lymph nodes found
in cohort A of our study.

Our inclusion criteria included a histopathologic or
cytopathologic confirmation of AGAAS from the pri-
mary tumor but did not include a lymph node sample.
Only 5 of 20 dogs had confirmation of metastatic lym-
phadenopathy. Interestingly, in these 5 dogs, lymphade-
nomegaly was detected on both AUS and CT. In the
remaining dogs, it is unknown whether the lymph nodes
were enlarged because they were reacting to AGAAS or
another disease process or whether they were enlarged
from metastasis of the cancer. Lack of confirmation of
metastasis in enlarged nodes also prevented us from
investigating other CT features of the nodes (such as
degree and pattern of contrast enhancement) and their
association with the detection of metastasis. Although
most dogs lacked confirmation of lymph node metasta-
sis, we elected to include them because our study was
focused on the identification of lymphadenomegaly
between the 2 imaging modalities, not on the utility of
CT in confirming lymph node metastasis. In initial stag-
ing tests for a patient, if lymphadenomegaly is detected,
this finding should prompt the attending clinician to
pursue additional diagnostic testing if deemed necessary
for confirmation of metastatic disease.

Another potential limitation of our study is bias
when assessing lymph nodes because the radiologist was
not blinded to the diagnosis of AGAAS before review-
ing the studies. To lessen the effect of this bias, we
defined lymphadenomegaly on CT based on objective
measurements and only classified a lymph node as
enlarged when it was above our defined normalized
value, thereby eliminating subjectivity.

The findings of our study indicate that AUS is useful
for the detection of lymphadenomegaly within the iliosa-
cral lymphocenter. However, CT is a more accurate
technique for identification of the full extent of lym-
phadenomegaly and for identification of which specific
nodes are enlarged in dogs with AGAAS. Although
AUS identified at least 1 enlarged lymph node in each
patient included in the study, CT identified ≥1 additional
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abnormal lymph nodes in 69.2% of patients with lym-
phadenomegaly. The clinical relevance of this finding is
unclear, although it may be important with regard to
surgical and radiotherapy planning. Given these find-
ings, AUS can be considered an effective screening test
for iliosacral lymphadenomegaly. However, if lym-
phadenomegaly is identified in any patient with
AGAAS, CT should be considered if the finding of an
additional metastatic site would affect therapeutic
planning.

Footnotes

a Aquilion LB 16-slice CT scanner; Toshiba Medical Systems, Tus-

tin, CA, at TCSVM and CereTom; NeuroLogica Corporation,

Danvers, MA, at Tufts Veterinary Emergency Treatment and

Specialties.
b Iohexol, Omnipaque; GE Healthcare, Princeton, NJ.
c Carestream PACS 5.1; Carestream Health, Inc., Rochester, NY.
d JMP�, Version 11; SAS Institute Inc., Cary, NC, 1989–2007.
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