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Sentinel lymph node mapping can help to direct surgical oncologic staging and metastatic disease detection in
patients with complex lymphatic pathways. We hypothesized that indirect computed tomographic lymphogra-
phy (ICTL) with a water-soluble iodinated contrast agent would successfully map lymphatic pathways of the
iliosacral lymphatic center in dogs with anal sac gland carcinoma, providing a potential preoperative method
for iliosacral sentinel lymph node identification in dogs. Thirteen adult dogs diagnosed with anal sac gland
carcinoma were enrolled in this prospective, pilot study, and ICTL was performed via peritumoral contrast
injection with serial caudal abdominal computed tomography scans for iliosacral sentinel lymph node identifi-
cation. Technical and descriptive details for ICTL were recorded, including patient positioning, total contrast
injection volume, timing of contrast visualization, and sentinel lymph nodes and lymphatic pathways identified.
Indirect CT lymphography identified lymphatic pathways and sentinel lymph nodes in 12/13 cases (92%).
Identified sentinel lymph nodes were ipsilateral to the anal sac gland carcinoma in 8/12 and contralateral to
the anal sac gland carcinoma in 4/12 cases. Sacral, internal iliac, and medial iliac lymph nodes were identified
as sentinel lymph nodes, and patterns were widely variable. Patient positioning and timing of imaging may
impact successful sentinel lymph node identification. Positioning in supported sternal recumbency is recom-
mended. Results indicate that ICTL may be a feasible technique for sentinel lymph node identification in dogs
with anal sac gland carcinoma and offer preliminary data to drive further investigation of iliosacral lymphatic
metastatic patterns using ICTL and sentinel lymph node biopsy. C© 2017 American College of Veterinary
Radiology.
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Introduction

A NAL SAC GLAND CARCINOMA IS A LOCALLY aggres-
sive malignancy affecting geriatric dogs that exhibits

high rates of locoregional lymphatic metastasis early in
the course of disease.1–5 At the time of diagnosis, a large
proportion of dogs with anal sac gland carcinoma have
documented metastatic lesions, with reported metastatic
rates ranging from 36 to 96%.2–5 Metastatic disease is most
commonly noted regionally in the iliosacral lymphatic cen-
ter, although distant lesions can develop in sites such as
the liver, spleen, and lungs.2,5 The presence of metastatic
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disease is a negative prognostic indicator associated with
shorter survival times, and documentation of metastasis
impacts treatment recommendations.4,6,7 Overall reported
median survival times of dogs with anal sac gland carci-
nomas vary depending on the size of the primary tumor,
the presence or absence of metastatic disease, and the type
of therapy administered, and they range from 6 months
to 3.5 years.4–8 More recent studies document longer sur-
vival times, likely subsequent to advances in early disease
detection and therapy.6,7

Current standard-of-care treatment recommendations
include primary tumor resection and excision of grossly
metastatic regional lymph nodes, with adjuvant chemother-
apy and/or radiation therapy recommended for those
cases with documented metastatic disease.4,5,8 Several stud-
ies have shown that dogs are capable of long-term sur-
vival following surgical excision of local metastatic disease
via lymphadenectomy, with survival times ranging from
means of 1.7 to 3 years.6,9,10 Given the relatively high
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rate of metastatic disease, its negative effect on survival,
and the beneficial effects of surgical excision of lymphatic
metastasis, detection of potential metastatic lesions is
increasingly important, and accurate oncologic staging
is essential. However, the impact of overt high-volume
metastasis (visibly/ palpably enlarged and effaced lymph
nodes) versus low-volume lymphatic metastasis (lymph
nodes containing microscopic disease only without lym-
phadenomegaly) on prognosis and treatment recommen-
dations is not well described.

Lymphatic drainage from the perineum classically travels
first to the iliosacral lymphatic center, which includes the
medial iliac lymph nodes, the internal iliac lymph nodes,
and the sacral lymph nodes.11,12 The medial iliac lymph
nodes are single paired structures but can be double on ei-
ther one or both sides which are typically located ventral to
the 5th–6th lumbar vertebrae between the deep circumflex
iliac and external iliac arteries within the retroperitoneal
space. The internal iliac lymph nodes (previously known as
the hypogastric nodes) are paired nodes found in the bifur-
cation of the internal iliac arteries and located ventral to
the 6th–7th lumbar vertebrae.12 The variably present sacral
lymph nodes are located within the pelvic canal, ventral to
the body of the sacrum, and typically lie on each side of the
median sacral artery.12

Staging to evaluate the iliosacral lymph nodes for ev-
idence of metastasis is important in dogs with anal sac
gland carcinoma, and recent studies have shown that have
shown that three-dimensional imaging such as magnetic
resonance imaging (MRI) and contrast computed tomog-
raphy (CT) are superior to ultrasound in the ability to iden-
tify iliosacral lymph nodes.13,14 However, because of the
complex anatomy of the iliosacral lymphatic center, in the
absence of clear lymphadenomegaly it can be difficult to
know which lymph nodes should be optimally prioritized
if surgical or percutaneous sampling is desired. Addition-
ally, the presence or absence of lymphadenomegaly does
not necessarily denote the presence or absence of metasta-
sis, and it is possible that sampling an inappropriate lymph
node might give false-negative results. Sentinel lymph node
mapping, widely utilized in the staging of a variety of hu-
man cancers,15–19 identifies the lymph node most likely to
contain tumor metastasis as a way to more accurately di-
rect surgical staging in patients with complex lymphatic
pathways and without overt lymphadenomegaly.15 How-
ever, gold-standard methods of sentinel lymph node map-
ping used in people, such as lymphoscintigraphy, are not
widely available to veterinarians. Indirect computed tomo-
graphic lymphography has been used successfully in both
people and experimental animals for lymphatic and sen-
tinel lymph node mapping.15,17,20–22 As CT capability has
become more readily available to veterinarians, the objec-
tive of this study was to evaluate the feasibility of an indi-
rect CT lymphography technique as a possible method for

sentinel lymph node identification in a complex lympho-
center using a natural model of disease prone to lymphatic
metastasis. Our hypothesis was that indirect CT lymphog-
raphy using a commonly available, water-soluble iodinated
contrast agent would prove to be a feasible method for
iliosacral lymphatic mapping in a clinical cohort of dogs
exhibiting naturally occurring anal sac gland carcinoma,
and that tumoral lymphatic drainage in dogs with anal sac
gland carcinoma would be variable between individuals.

Materials and Methods

This prospective, pilot study was approved by and con-
ducted in accordance with institutional guidelines estab-
lished by the Clinical Trials Review Board for enrollment
of client-owned animals in clinical trials. Client owned dogs
that were presented to the University of California-Davis
Veterinary Medical Teaching Hospital (UCD–VMTH) for
surgical excision of anal sac gland carcinoma were en-
rolled between 2011–2014. Inclusion criteria for the study
included a palpable mass in the region of the anal sac glands
with a cytologic diagnosis of anal sac gland carcinoma
and informed owner consent for indirect CT lymphogra-
phy. Exclusion criteria included the presence of historical
ipsilateral or contralateral anal sac gland carcinoma that
received previous surgical excision and concurrent medical
conditions that would preclude systemic administration of
iodinated contrast as determined by the attending veteri-
nary surgeon. Pre-CT diagnostics (either performed by the
primary veterinarian or at the time of presentation to our
practice) were performed as part of standard staging and
pre-surgical work-up for anal sac gland carcinoma and in-
cluded complete blood count, serum biochemistry panel,
ionized calcium value, urinalysis, abdominal ultrasound,
and thoracic radiographs.

Under general anesthesia, just prior to the scheduled
surgical procedure, a precontrast CT (GE Medical Sys-
tems, Milwaukee, WI) study of the abdominal and pelvic
cavities was performed with 2 mm collimation of the pelvic
cavity and 5 mm collimation of the abdominal cavity. Sub-
sequently indirect CT lymphography was performed via
peritumoral injections (subcutaneous injection at the pal-
pable tumor edge) of 1 ml of nonionic iodinated contrast
material (Isovue 370

R©
, 370 mg of I/ml; Bracco Diagnostics,

Princeton, NJ) diluted 1:1 with sterile saline (for a total in-
jection volume of 2 ml) in a four-quadrant technique (total
dose volume divided and split among the quadrants). All
injections were supervised by one of the authors (M.A.S.).
Computed tomography of the pelvis and caudal abdomen
was performed immediately prior to peritumoral contrast
injection, as well as at 1, 3, 5, 10, and subsequently, if
lymphatic contrast movement was slow or absent, up to
25 min after termination of the injection using a multi-
slice helical scanner (GE Lightspeed, General Electric Co.,
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Milwaukee, WI) using 2 mm slice thickness. Subsequent
to obtaining indirect CT lymphography scans, intravenous
contrast (Isovue 370

R©
, 370 mg of I/ml; Bracco Diagnos-

tics, Princeton, NJ) was injected at a dose of 740 mg kg−1

into a cephalic or saphenous catheter, and the CT exam-
ination of the abdominal and pelvic cavities was repeated
immediately after intravenous contrast injection to ensure
optimal differentiation of lymph nodes from small regional
vascular structures. Images were acquired in a standard al-
gorithm. Precontrast images were obtained with kV = 120,
the mAs = 200 and the pitch = 1.375:1. For indirect CT
lymphography and post-IV contrast images, the kV = 120,
the mAs = 150, and the pitch = 0.625:1.

Technical and descriptive details for indirect CT lym-
phography were recorded, including patient positioning, to-
tal contrast injection volume (if different from the planned
2 ml injection), timing of contrast visualization, and the
lymphatic pathways and lymph nodes identified by per-
itumoral contrast injection. All data collection was per-
formed by a single investigator (S.A.M.), who was blinded
to any lymph node histopathology results at the time of ini-
tial review. A second unblinded review was performed by
another observer (M.A.S.) and any discrepancies were re-
solved by consensus. Patient positioning methods included
dorsal recumbency, standard sternal recumbency, and sup-
ported sternal recumbency, in which the patient was po-
sitioned with the sternum in contact with the CT table,
and the pelvis was elevated and supported with a rolled-up
towel in contact with the bony pubis such that there was
no contact or pressure on the abdomen by the CT table,
allowing the entirety of the abdominal wall to hang freely
by gravity (Fig. 1). Lymphatic vessels with contrast up-
take following peritumoral injection were followed visually
from the injection site, and contrast uptake within lymph

FIG. 1. Sagittal reformatted CT image of a dog in supported sternal body
positioning. Note that the body wall and abdominal viscera sag ventrally due
to gravity (white arrowheads), which minimizes pressure on dorsally located
iliosacral lymphatic tracts.

nodes along each lymphatic pathway was identified and
recorded. A primary, or first tier, sentinel lymph node was
defined and identified as the first regional lymph node to
uptake contrast material. If more than one lymphatic path-
way was identified leading to separate contrast-enhancing
lymph nodes, then each node was labeled as a primary
sentinel lymph node. If a second lymph node along one
lymphatic pathway was noted to be contrast enhancing,
then this node was labeled as a second tier node, that is,
a node receiving contrast via lymphatics connected to first
tier sentinel nodes.

Measured lymph node size was recorded for all iliosacral
lymph nodes identified on post-IV contrast CT scans by
obtaining maximal diameters in all three dimensions by a
single author (S.A.M.) blinded to histologic results at the
time of data recording. Using previously reported normal
mean lymph node cross-sectional diameters for iliosacral
lymph nodes in normal dogs,23 lymph nodes with a mea-
sured cross-sectional diameter in at least one dimension
(width or height) of 8–10 mm were identified as mildly en-
larged, those 11–19 mm identified as moderately enlarged,
and those greater than 20 mm identified as markedly en-
larged. Tumor volume was calculated using the equation
for calculating volume of an ellipsoid (V = 4/3π∗r1∗r2∗r3)
and also normalized to body weight.

Results

A total of 13 dogs were enrolled in the study, nine males
and four females, with a median age of 9.7 years (range, 4–
12 years) and median body weight of 19.1 kg (range. 7.2 –
44 kg). Comparative data on the CT and ultrasonographic
appearance of the iliosacral lymph nodes were previously
reported in nine of the 13 dogs.13 Six dogs had left-sided
primary tumors; six dogs had right-sided tumors. One dog
had both a left- and right-sided anal sac gland tumor; how-
ever, only the left-sided tumor received a peritumoral in-
jection to avoid confusion in interpreting lymphatic con-
trast uptake. Primary tumor size ranged from 1.4 × 1.1 ×
0.9 cm (5.8 cm3) to 9.5 × 7.8 × 6.7 cm (2080 cm3). Cal-
culated tumor volume to patient body weight ranged from
0.2 to 73.3 cm3/kg. Seven dogs had one or more iliosacral
lymph nodes identified as enlarged. Measured medial iliac
lymph node sizes ranged from 0.8 × 0.4 × 0.4 to 2.4 ×
1.2 × 0.8 cm. Measured internal iliac lymph node sizes
ranged from <0.2 × 0.2 × 0.2 to 2.3 × 0.8 × 0.9 cm. Mea-
sured sacral lymph node size ranged from <0.2 × 0.2 ×
0.2 to 0.9 × 0.8 × 0.5 cm. One dog with a proportion-
ally large tumor had a large confluent lymphatic mass,
and individual iliosacral lymph node sizes could not be
determined. For the CT scans, dogs were placed in dorsal,
standard sternal, and supported sternal positioning (n = 3,
3, and 7, respectively). Positioning was not randomized; as
a result of initial failures or prolonged delays in lymphatic
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contrast uptake and flow during indirect CT lymphogra-
phy imaging using dorsal or standard sternal positioning,
supported sternal positioning was investigated. Four of
the 13 dogs had a second peritumoral contrast injection
administered identical to the first due to slow or absent up-
take and movement of contrast within regional lymphatic
more than 15 min after the initial injection. Persistence of
peritumoral contrast material was visible throughout the
duration of the repeated CT scans in all dogs. Individual
patient signalment and sentinel lymph node mapping data
are available in Appendices 1 and 2.

Indirect CT lymphography successfully identified lym-
phatic pathways and sentinel lymph nodes in 12/13 cases
(92%) (Appendix 2). Variability was noted in the sentinel
lymph nodes and lymphatic pathways identified. Sentinel
lymph nodes were ipsilateral to the primary tumor in 8/12
cases (67%) and contralateral to the primary tumor in
4/12 cases (33%). The sentinel lymph node was identi-
fied as the medial iliac lymph node in 5/12 cases (42%)
(Figs. 2 and 3), the internal iliac lymph node in 1/12 cases
(8%), the sacral lymph node in 3/12 cases (25%), and a

combination of more than one sentinel lymph node by sep-
arate lymphatic pathways in 3/12 cases (25%) (Fig. 4).
Where more than one sentinel lymph node was identi-
fied, both the medial iliac and sacral nodes were sentinel
in two cases (16%), and both the medial iliac and inter-
nal iliac nodes were sentinel in one case (8%). Second tier
lymph nodes were noted in 5/12 cases (42%) within the
time imaging was performed. The time to initial sentinel
lymph node identification after injection ranged from 1 to
20 min (median, 3 min). Time to sentinel lymph node identi-
fication postperitumoral injection (Appendix 2) was longer
for dogs positioned in standard sternal recumbency (n =
3, times = 15, 15, and 20 min), and for dogs positioned in
dorsal recumbency (n = 3, times = 3 and 13 min; one case
never achieved successful indirect CT lymphography) com-
pared to dogs positioned in supported sternal recumbency
(n = 7, median time = 1 min (range, 1–13 min)). The case in
which indirect CT lymphography was never achieved was
also associated with a proportionally large primary mass
lesion (calculated mass volume = 528 cm3, calculated mass
volume/body weight = 73.3 cm3/kg). Two cases performed

FIG. 2. Indirect CT lymphography case example; Window = 350, Level = 50. (A) Nonionic iodinated contrast material was injected peritumorally (white
arrows) and is visible on the CT image. (B) Transverse CT image of the medial iliac lymph node that is contrast enhancing at 1 min (white arrow). (C) A
multiplanar reconstruction of the CT image showing medial iliac lymph node contrast uptake (white arrow).

FIG. 3. (A–D) Dorsal multiplanar reconstructions of a CT scan (Window = 350, Level = 90) illustrating lymphatic flow of contrast (white arrows) from a
peritumoral injection around the primary tumor (A) and traveling cranially through the pelvis to the medial iliac node (D).
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FIG. 4. Transverse (A) and dorsal multiplanar (B) reconstrution views of a CT scan (Window = 350, Level = 90) demonstrating two separate lymphatic
pathways (thin white arrows) leading to both left and right medial iliac lymph nodes (large white arrowheads).

in the supported sternal position that initially had delayed
contrast movement, but rapid lymphatic uptake of contrast
after injection of additional contrast volume were associ-
ated with proportionally large primary mass lesions.

Discussion

This pilot study was performed to generate preliminary
data in order to define a protocol for the use of indirect CT
lymphography for sentinel lymph node mapping in dogs
with anal sac gland carcinoma. Indirect CT lymphography
using peritumorally administered iopamidol proved to be a
feasible method for iliosacral lymphatic mapping. Indirect
CT lymphography was technically successful in identifica-
tion of at least one sentinel lymph node in the majority of
cases (92%), and study results documented wide interindi-
vidual variability in the lymphatic pathways and location of
sentinel lymph nodes identified in the iliosacral lymphatic
center. Additionally, technical considerations that may con-
tribute to the success or failure of the imaging study, includ-
ing patient positioning, timing of imaging, total injection
volume, and primary mass size, were identified.

Although indirect CT lymphography has been previously
described for peripheral mammary lymphatic mapping in
cats,20,21 this study investigated a technique for lymphatic
mapping of a complex internal lymphocenter in clinically
affected dogs. In this small cohort of dogs, it appeared that
patient positioning at the time of indirect CT lymphogra-
phy may strongly impact the timing of sentinel lymph node
identification in the iliosacral lymphatic center. Pressure on
the lymphatic system has been documented to negatively

affect lymphatic drainage.24 Sternal positioning combined
with pelvic support was adopted to minimize abdominal
pressure, and this yielded quicker times to sentinel lymph
node identification than standard sternal or dorsal body
positions with consistent lymphatic identification 1–3 min
postinjection. Despite the low numbers, and confounding
factors of mass and lymph node size in individual patients,
rapid and successful indirect CT lymphography was consis-
tently achieved with supported sternal positioning, even in
cases with proportionally large tumor burdens. Indirect CT
lymphography success may be achieved in other positions,
but supported sternal positioning produced the most rapid
and consistent imaging studies. Other technical consider-
ations in defining the indirect CT lymphography protocol
for this cohort were based on previous work documented
in sentinel lymph node mapping in people and animals,
including subcutaneous peritumoral rather than intratu-
moral injections,25 the volume of contrast injected,26 and
postinjection massage for increased sentinel lymph node
dye uptake.27

Lymphatic variability is documented in both people and
dogs.13,15–17,20 The medial iliac lymph node was most com-
monly identified as a sentinel lymph node for anal sac
gland carcinoma in our study (eight of 15 lymph nodes,
53%), followed by the sacral lymph node (5/15, 33%) and
the internal iliac lymph node (2/15, 13%). Interestingly,
25% of cases had multiple sentinel lymph nodes identi-
fied, in which two separate lymphatic pathways appeared
to drain the primary tumor. However, several factors in
this small and uncontrolled cohort may have affected the
lymphatic drainage, and the precise lymph node identi-
fied as sentinel. Therefore, the specific rates of involvement
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for each individual lymph node (sacral, internal iliac, or
medial iliac) should be interpreted with caution. Many of
the dogs in our study population had proportionally large
tumors, and several of the dogs had lymphadenomegaly of
at least one iliosacral node. While we were not aware of
these considerations during study recruitment, disease lev-
els including large primary tumors and lymphadenomegaly
likely secondary to overt metastatic lymphatic disease bur-
den, have been shown to negatively impact accurate sentinel
lymph node identification and/or lead to false identifica-
tion of an incorrect sentinel lymph node (and therefore a
false negative stage patient with regards to identification of
metastatic disease), likely due to altered lymphatic routes
subsequent to infiltrative disease.26,28–34 The one case in
our cohort in which a successful indirect CT lymphogra-
phy study could not be obtained had a proportionately very
large primary tumor, which may have impacted the ability
to achieve a successful indirect CT lymphography study.
Primary tumor size is also likely to have impacted the re-
quired injection volume or timing in two dogs in the sup-
ported sternal positioning group, in which the lymphatic
uptake of contrast was delayed after the first injection, but
which progressed rapidly after injection of a second dose
of contrast. With respect to existing lymphadenomegaly,
it is suggested that with existing regional lymph node en-
largement, lymphatic flow rates and/or directions may be
altered by the presence of gross lymphatic metastasis, and
while a recorded lymph node may be identified as “sentinel”
by the imaging study, it may in fact be falsely identified and
not representative of the most likely lymph node to con-
tain metastasis.33 In the 7/13 dogs that were identified as
having lymphadenomegaly, lymph node enlargement was
classified as “mild” in 5/7 dogs, moderate in 1/7 dogs, and
severe in 1/7 dogs. There is no clear empirical cutoff for
how much lymphadenomegaly is “too much” lymphade-
nomegaly when performing sentinel lymph node mapping,
but clinicians should be aware of this potential impact when
applying this technique. Sentinel lymph node mapping is
ideally applied to identify which node to sample when as-
sessing for low volume metastatic disease, and a prospective
study of sentinel lymph node mapping is needed limited to
dogs with anal sac gland carcinoma but without gross lym-
phadenomegaly. This would also help to elucidate rates
and prognostic implications of micrometastasis of anal sac
gland carcinoma, which are not yet well defined. It is un-
known whether the specific sentinel lymph nodes and lym-
phatic pathways we identified in our study were affected by
the relatively large tumor burden (i.e., large primary tumors
and regional lymphadenomegaly) of our case population.

While the impacts of bulky lymphatic metastasis on prog-
nosis in dogs with anal sac gland carcinoma are clearly
documented, what is not currently well understood is the
impact of low-volume lymphatic metastasis on prognosis
and therapeutic recommendations for this disease, making

it difficult to make informed direct clinical recommenda-
tions for iliosacral lymphatic biopsy. However, in the long
run, these impacts can only be understood if we are cor-
rectly staging patients and accurately stratifying outcomes
according to level of disease, and correct staging requires
accurate identification and sampling of the correct lymph
node(s) when reporting rates of lymphatic metastasis.35

While ultrasound-guided aspiration is a viable staging op-
tion, and laparoscopic approaches to the medial iliac lymph
node have been described for lymph node sampling,36 there
exists a need to ensure that correct nodal sampling is oc-
curring in a complex lymphocenter such as the iliosacral
site. Sentinel lymph node mapping is a means of doing
so. Impacts of low volume metastatic disease on prognosis
and treatment recommendations have been clearly docu-
mented in other types of carcinomas in people.37,38 While
the specific lymph nodes identified as sentinel in this study
should be interpreted with caution, as many of the dogs had
proportionately large tumors and several had lymphade-
nomegaly, this study offers further proof of lymphatic path-
way variability in a natural tumor model, and documents
that indirect CT lymphography, as a method of sentinel
lymph node mapping, has the potential to be useful in the
preoperative determination of which lymph nodes to eval-
uate for potential metastatic disease.

Study limitations include low patient numbers and unan-
ticipated technical challenges in implementing a new tech-
nique. Patient positioning for the CT scans evolved during
study enrollment, adapting to the delays and failures of ini-
tial cases, and so there is a lack of randomization and un-
equal group sizes for the body positions used in this study.
The volume of contrast injected relative to tumor size can
affect the success of sentinel lymph node identification,26

and it is unknown whether some of the larger tumors in
this study might have required a higher contrast volume for
more rapid successful mapping. Additionally, our patient
population was not controlled for primary tumor size and
lymphadenomegaly. As previously stated, future sentinel
lymph node mapping studies should ideally be controlled
to optimize the identification of low volume metastatic dis-
ease, i.e. with exclusion of patients with overt lymphade-
nomegaly in order to minimize the risk of false positive
identification of sentinel lymph nodes. Moreover, while the
ability to visually follow contrast uptake through lymphatic
pathways directly from the peritumoral injection site to the
identified sentinel lymph node without surgical disruption
of tissue provides increased confidence in the identification
of sentinel lymph nodes with this technique, this indirect CT
lymphography technique was not compared to currently
recommended methods of sentinel lymph node identifica-
tion such as scintigraphy or optical dye administration, and
a comparative study of techniques would be beneficial. In
a recent multicenter study in humans, three-dimensional
single-photon emission CT (SPECT/CT) detected more
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sentinel lymph nodes than planar scintigraphic imaging,
demonstrating the benefit of three-dimensional imaging in
complex anatomical areas.39 Lastly, as this study was per-
formed in client-owned dogs and was designed to generate
pilot data on technique feasibility and technical consider-
ations, there is a lack of data on the actual incidence of
lymphatic metastasis associated with the sentinel lymph
node identified.

In conclusion, this study demonstrated that indirect CT
lymphography offers a feasible method of preoperative sen-
tinel lymph node identification in the iliosacral lymphatic
center in dogs. Minimizing pressure on the lymphatic sys-
tem with proper patient positioning affects the success and
timing of indirect CT lymphography studies. In the ap-
plication of indirect CT lymphography for sentinel lymph
node mapping studies, veterinarians should consider the
impacts of patient selection (i.e. factors such as primary
tumor size and the absence of existing major lymphade-
nomegaly) in order to maximize the likelihood of accurate
sentinel lymph node identification. Based on findings from
the current study, authors recommend that an indirect CT
lymphography protocol for the iliosacral lymphatic center
be performed with the dog in a supported sternal recum-
bency with minimal abdominal pressure and with peritu-
moral injection of diluted iodinated contrast material in
a four-quadrant technique. We also recommend obtaining
images starting at 1 min following peritumoral injection
and repeating as needed until contrast uptake is identified
in the first lymph node(s). Repeated peritumoral injection is

recommended if lymphatic contrast uptake is not observed
by 5 min postinjection. Advancements in our understand-
ing of iliosacral lymphatic metastasis are likely to offer
opportunities to improve staging accuracy and to optimize
treatment recommendations in canine patients diagnosed
with anal sac gland carcinoma, and further investigation of
iliosacral lymphatic metastatic patterns using indirect CT
lymphography is warranted.
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Appendix 1: Patient Body Weight, Primary Tumor, and Iliosacral Lymphocenter Data for the 13 Sampled Dogs

Case

Body
weight

(kg)

Primary tumor
dimensions

(cm)

Calculated
tumor volume

(cm3)

Calculated
tumor volume
to body weight

(cm3/kg)
Lymphadenomegaly

on CT Scan

Number of
enlarged

nodes

Degree of
lymphade-
nomegaly

Largest node
cross-sectional
diameter (cm)∗

1 31 1.4 × 1.1 × 0.9 5.8 0.2 Yes 1 Moderate 1.1
2 15.6 2.3 × 1.5 × 1.9 27.5 1.8 No – – –
3 14.2 1.4 × 0.9 × 1.3 6.9 0.5 No – – –
4 14.3 2.0 × 1.3 × 1.9 20.7 1.4 Yes 2 Mild 0.9
5 43.8 3.4 × 2.0 × 3.2 91.2 2.1 No – – –
6 19.1 2.1 × 0.6 × 1.0 5.3 0.3 No – – –
7 44 9.5 × 7.8 × 6.7 2080 47.3 No – – –
8 7.4 1.7 × 1.3 × 1.5 13.9 1.9 No – – –
9 8.2 2.3 × 2.0 × 2.1 40.5 4.9 Yes 1 Mild 0.8

10 29 3.7 × 2.1 × 2.4 78.1 2.7 Yes 1 Mild 0.8
11 21.1 7.0 × 6.0 × 5.5 968 45.9 Yes 1 Mild 0.8
12 36 7.0 × 5.0 × 7.5 1100 30.5 Yes 1 Mild 1.0
13 7.2 9.0 × 4.0 × 3.5 528 73.3 Yes 5 Marked N/A∗∗

∗Width and height evaluated as parameters for measured lymphadenomegaly.
∗∗Case 13 had one large confluent lymphatic mass consisting of the majority of the iliosacral lymphocenter and therefore no individual node measurements
were obtained.
CT, computed tomography.
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Appendix 2: Summary of Indirect Computed Tomography (CT) Lymphography and Sentinel Lymph Node
Mapping Data

Case
CT scan
positioning

Number of
peritumoral
injections

Total injection
volume (ml)

Time for SLN
identification

(min) SLN(s) identified
SLN side relative

to tumor
Second tier nodes

identified

1 Standard sternal 1 2 15 Sacral Ipsilateral Yes
2 Standard sternal 2 4 15∗ Sacral Ipsilateral No
3 Standard sternal 1 2 20 Medial iliac Ipsilateral Yes
4 Dorsal 2 4 3∗ Medial iliac Contralateral No
5 Dorsal 1 2 13 Medial iliac Ipsilateral No
6 Supported sternal 1 2 3 Sacral Ipsilateral Yes
7 Dorsal 1 2 N/A∗∗ N/A∗∗ N/A∗∗ No
8 Supported sternal 1 2 3 Medial iliac,

Sacral
Contralateral Yes

9 Supported sternal 1 2 1 Medial iliac,
Internal iliac

Ipsilateral Yes

10 Supported sternal 1 2 1 Medial iliac,
Sacral

Contralateral Yes

11 Supported sternal 2 4 1∗ Internal iliac Ipsilateral Yes
12 Supported sternal 2 4 1∗ Medial iliac Ipsilateral No
13 Supported sternal 1 2 3 Medial iliac Contralateral No

∗SLN, sentinel lymph node. Due to delayed contrast uptake or lack of SLN identification by 10 min postinjection, a second injection with a subsequent
2 ml of 1:1 diluted contrast was peformed. Time for SLN identification for these cases is the time after the second injection.
∗∗ICTL, indirect computed tomographic lymphography. This method was not successful for case 7.
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