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ABSTRACT

Lymphoscintigraphy with single-photon
emission computed tomography (SPECT-CT) is
useful in diagnosing lymphedema. However,
there are mulltiple timings, techniques, and
tracers utilized worldwide without any com-
parison. We examined and compared the image
clarity with two different radiotracers, ™ Tc-
human serum albumin (HSA) and”™Tc-
phytate (phytate), in the same patients. The
study retrospectivity examined 46 limbs of 36
patients who underwent lymphoscintigraphy
using HSA and phytate from January 2013 to
September 2018. Tracer accumulation in the
Iymph nodes, linear pattern (LP), and dermal
backflow (DBF) were qualitatively analyzed:
contrast-to-noise ratios (CNR) of DBF and
standardized uptake value ratio (SUVR) of LP
were also quantitatively analyzed. Neither
Iymph node accumulation nor DBF identifica-
tion showed significant difference. However, a
significant difference was observed between the
LP identification of the unaffected (p<0.001)
and affected sides (p<0.001). On quantitative
evaluation, CNR and SUVR of LP was signifi-
cantly higher with HSA than with phytate
(p<0.001). SUVR of LP was also significantly
higher with HSA than with phytate in both
unaffected (p=0.002) and affected (p=0.005)
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sides. Overall, images acquired with HSA were
clearer than that with phytate, and the identifi-
cation of LP was particularly better with HSA
than with phytate. Thus, lymphoscintigraphy
using HSA is preferred over phytate for both
diagnosis and evaluation of disease severity and
surgical site selection.

Keywords: lymphoscintigraphy, single-photon
emission computed tomography, SPECT-CT,
human serum albumin, phytate

Lower extremity lymphedema is a refrac-
tory condition with primary and secondary
etiologies, such as infection, trauma, and as
complications of malignant pelvic tumor re-
sections. Peripheral lymphatic stasis results
from impaired lymphatic flow in the central
lymphatic vessels. Consequently, collateral
pathways of lymphatic flow can be formed,
and edema develops due to lack of lymph flow
in the subcutaneous tissues and dermis.

In such cases of lymphedema, proper
visualization, diagnosis, and severity assess-
ment of this pathological lymphatic flow is
clinically important. Lymphoscintigraphy,
near-infrared fluorescent imaging (NIRF),
magnetic resonance lymphography, and lym-
phoscintigraphy with single-photon emission
computed tomography (SPECT-CT) are used
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to diagnose lymphedema (1). NIRF can visu-
alize the dynamics of lymph flow in real-time
and is a useful imaging modality during sur-
gery (2,3). However, tissue penetration of
NIREF is limited, with a maximum observable
depth of 20 mm. Moreover, an information
bias exists because of subjectivity in observa-
tion and maintenance of records. In contrast,
lymphoscintigraphy is advantageous because
it can objectively evaluate tissues deeper than
NIRF and is useful for the diagnosis and clas-
sification of lymphedema severity (4,5). Re-
cently, more advanced equipment has enabled
a clearer visualization of dermal backflow
(DBF) and linear patterns (LP) of lymphatic
vessels. Lymphoscintigraphy is the worldwide
gold-standard method for diagnosis and sever-
ity assessment because it provides highly
objective imaging findings (1,2,4-9). However,
one problem with lymphoscintigraphy is that
the imaging conditions, such as radiotracer
selection and protocol are not standardized. In
particular, multiple radiotracers are being
used, and the radiotracer approved in each
country is different; therefore, a unified testing
strategy is lacking globally. In lymphoscinti-
graphy, ™Tc-labeled tracers, such as *™Tc -
sulfur colloid, ®™Tc¢ nanocolloid, ®™Tc-human
serum albumin (HSA), **™Tc-tin colloid, *™Tc-
rhenium colloid, and *™Tc-phytate (phytate),
are all used for imaging. These radiotracers
differ in terms of particle size, binding stabi-
lity, and acquired image features. For exam-
ple, the larger the particle size of the radio-
tracer, the higher the possibility of them being
trapped in the lymph nodes and the lower the
removal or disappearance from the injected
site. Reports indicate that the intraoperative
identification rate of phytate in the sentinel
lymph nodes after breast cancer surgery is
better than that of HSA (10). However, it is
not clear which radiotracer is best for imaging
abnormal lymphatic vessels and DBF with
lymphedema. Different radiotracers have been
investigated with different patients for
imaging lower extremity lymphedema (10,11),
but to our knowledge, no study has evaluated
and compared different radiotracers in the
same patient.

For follow-up of patients with lymphe-
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dema, we perform not only quantitative eval-
uation, such as limb circumference, but also
qualitative evaluation, such as lymphoscinti-
graphy to evaluate lymphatic function, repeat-
edly, on a regular basis. During long-term
evaluation, the supply of HSA became unsta-
ble due to manufacturing challenges, and we
switched to a different radiotracer (phytate).
Consequently, we obtained an opportunity to
perform lymphoscintigraphy with SPECT-CT
on the same patient using two types of radio-
tracers-HSA and phytate-at different time
points. This study aimed to investigate the
suitability of radiotracers C HSA and phytate
C for objective evaluation and imaging of
patients with lower extremity lymphedema.

MATERIALS AND METHODS
Patient Characteristics

From January 2013 to November 2018,
767 patients underwent lower lymphoscinti-
graphy. Of these, 39 patients underwent lym-
phoscintigraphy using HSA and phytate.
Patients with deep vein thrombosis, chronic
heart failure, and generalized edema were
excluded. We also excluded three patients and
two limbs with worsened International Society
of Lymphology stage (1) or Maegawa classifi-
cation (4) (7able 1) in order to evaluate a co-
hort at the same clinical stage. We enrolled 36
patients (46 limbs) with lower extremity lym-
phedema and observed no significant changes
in symptoms or limb circumference during
that time.

The clinical data and Maegawa classifi-
cation of all patients are listed in 7able 2.

From the medical chart of the included
patients, we examined the interval between
tests of lymphoscintigraphy with HSA and
phytate, and whether lymphaticovenous
anastomosis (LVA) was performed during the
study period.

This study was approved by the local
ethics committee (B151105012) and was
performed in accordance with the ethical
guidelines of the Declaration of Helsinki. All
subjects provided written informed consent.
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TABLE 1

The Maegawa Classification for use In Grading Patients Based on
Their Leg Lymphoscintigraphic Findings

Maegawa

Classification

Type I Recognition of obvious inguinal lymph nodes and lymphatics along the great saphenous vein,
and/or lymph stasis in the collateral lymphatics.

Type II Dermal backflow can be seen in the thigh.

Type I No inguinal lymph nodes are detected. Dermal backflow can be seen in the thigh and/or leg.

Type IV Recognition of dermal backflow and lymph stasis in the leg.

Type V Dermal backflow can be seen only in the foot.

TABLE 2

Study Patient Characteristics and Maegawa
Classification

Cases (n=36)

Age (year), mean (SD) 57+ 14
Sex, n (female/male) 3373
Primary, n 9
Secondary, n 27
Unilateral, n 24
Bilateral, n 12
Maegawa classification Limbs (n=46)
1 0

11 8

11 11

v 19

\Y% 8

Lymphoscintigraphy with SPECT-CT Protocol

Lymphoscintigraphy using HSA (FUJI-
FILM RI Pharma Co. Ltd., Tokyo, Japan) and
phytate (FUJIFILM RI Pharma Co. Ltd.,
Tokyo, Japan) was performed at different
time points. Forty MBq of radiotracers in 0.2
ml was injected subcutaneously into the first
and fourth web spaces of each foot using a 27-
gauge needle to a total of 160 MBq. The injec-
tions were administered continuously without
any interval. After the injections, patients did
not receive any massage or undergo passive
exercise load, except for daily activities such
as walking and standing. Images were ac-
quired using a SPECT-CT combined system
equipped with a dual-head gamma camera

Permission granted for single print for individual use.

(Symbia T16; Siemens Healthcare Japan,
Tokyo, Japan), 120 minutes after the injec-
tion. The injection sites were covered with a
lead shield.

SPECT-CT images were acquired over a
period of 25.2 minutes and a total of 36 views
were obtained by both detectors, with 180 de-
grees of rotation for each camera. All images
were acquired with 140 keV photopeak using
a 21% symmetrical energy window. The image
matrix size was 128 x 128, and a low-energy
high-resolution collimator was used.

The data were reconstructed using an
iterative method based on an ordered subset
expectation maximization algorithm utilizing
10 iterations and 6 subsets with resolution cor-
rection. A 13.6-mm Gaussian filter was used
for smoothing. The pixel size was 4.8 mm.
Both SPECT and CT axial slices were gener-
ated using the software application package
(Siemens), which was also used for fusing the
CT and SPECT images.

Maximum Intensity Projection (MIP)
images were generated for visualization, and
quantitative evaluation.

Visual Evaluation

We assessed whether the images ac-
quired with each radiotracer could be eval-
uated properly and also evaluated the radio-
tracer accumulation at the unaffected sides (n
= 24) in patients with unilateral lower extrem-
ity lymphedema.

First, we evaluated whether inguinal
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Fig. 1. Maximum intensity projection (MIP) image
of a Maegawa classification type 4 right lower leg
Iymphedema. Background (BG) was set on one flank
region. Linear patterns (LP) were seen on the
affected and unaffected sides, and dermal backflow
(DBF) on the affected side was identified and
evaluated.

lymph node accumulation and LP were vis-
ualized by HSA and phytate, respectively, at
the unaffected sides. Next, we evaluated whe-
ther DBF and LP were visualized by HSA and
phytate at the affected sides (n = 46). Cases
were counted as positive if each radiotracer
was visualized at one place (Fig. 7). All eval-
uations were performed by two experienced
surgeons (T.K. and Y.Y.), while two physi-
cians scored the two parameters. All disa-
greements were resolved by reaching a con-
sensus.

Quantitative Evaluation

Using the SYNAPSE VINCENT ver
5.3.0001 tool (Fuji film, Tokyo, Japan), we set
the region of interest (ROI) for each DBF on
lymphoscintigraphy images identified using
the two types of radiotracers and measured
the average radioactivity.

The background (BG) was set on one
flank region without the kidney, ureter, and
bladder (Fig 1). The contrast-to-noise ratios
(CNR) of each DBF were measured with both
HSA and phytate (formula 1):
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CNR = [Mean (ROI DBF) — Mean (ROI BG)] /
[SD (ROI BG)] (formula 1) where, Mean (ROI
DBF) represents the mean ROI of DBF; Mean
(ROI BG) indicates the mean background
counts; and SD (ROI BG) indicates the stand-
ard deviation of background counts.

We evaluated the lymphatic vessels in
the images of lower limbs in which LPs were
confirmed with both HSA and phytate. The
ROI was set for each LP and the standardized
uptake value max (SUVmax) of radioactivity
was measured. SUV ratio (SUVR) was defined
as the ratio of SUVmax and Mean (ROI BG)
(formula 2). Measurements were made at both
unaffected and affected sides. SUVR = [SUV
max (LP)] / [Mean (ROI BG)] (formula 2).

We chose SUVR because the actual
diam-eter of the lymphatic vessel is approxi-
mately 1 mm and the ROI setting is not ap-
propriate for estimating CNR.

Statistical Analyses

Radiotracer accumulation in the lymph
nodes, LP, and DBF was evaluated by visual
examination and the data were analyzed using
Fisher's exact test. CNR of DBF and SUVR of
LP were evaluated by quantitative examina-
tion and the data were analyzed by Wilcoxon
signed-rank test. A P-value < 0.05 was consid-
ered statistically significant. All statistical
analyses were performed with EZR Version
1.37 (12) (Saitama Medical Center, Jichi Med-
ical University, Saitama, Japan), which is a
graphical user interface for R (The R Foun-
dation for Statistical Computing, Vienna,
Austria). More precisely, it is a modified ver-
sion of R commander with added statistical
functions that are frequently used in
biostatistics.

RESULTS
Patient Characteristics

All cases were tested first with HSA fol-
lowed by phytate. The interval between tests
was 1,099 +388 days. A total of 38/46 (83%)
limbs had LVA treatment between lympho-
scintigraphy with the two radiotracers.

Reproduction not permitted without permission of Journal LYMPHOLOGY.



TABLE 3

Visual Evaluation of Lymphoscintigraphic Image Patterns at the Affected
(n=24) and Unaffected Sites (n=46) (Fisher’s exact test)

Phytate P-value
Tracer accumulation in the lymph node 24 24 1
(unaffected site; n=24)
LP 24 10 <0.001*
(unaffected site; n=24)
LP 40 18 <0.001*
(affected site; n=46)
DBF 45 41 0.203
(affected site; n=46)

LP, linear pattern; DBF, dermal backflow; *Statistically significant

a0.00 pe0.001

26.00

20.00

O HsA
O Phytate

15.00

CNE value

10.00

=

Fig. 2. Comparison of CNR of DBF between HSA
and Phytate tracers. (Wilcoxon signed rank test).
HSA, #mTc-human serum albumin; Phytate, *™Tc -
phytate; DBF, dermal backflow; CNR, contrast-to-
noise ratios

Visual Evaluation

On the unaffected side, both HSA and
phytate showed lymph node accumulation in
all cases. On the unaffected sides, LP was vis-
ualized in 24/24 (100%) limbs with HSA and
in 10/24 (42%) limbs with phytate (significant
difference, p < 0.001). Similarly, on the affect-
ed sides, LP was visualized in 40/46 (87 %)
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limbs with HSA and in 18/46 (39%) limbs with
phytate (also significant difference, p < 0.001).
There was no significant difference in the
visualization of DBF (p = 0.203) ( 7able 3).

Quantitative Evaluation

In 41 limbs, the background counts were
1,224 + 600 for HSA and 2,315 = 1,099 for
phytate. In 41 limbs with DBF, confirmed by
HSA and phytate, the CNR with HSA (12.5 +
8.5) was significantly higher than that with
phytate (3.1 = 3.1) (p < 0.001) (Fig 2). In 10
limbs on the unaffected side, the SUVR of LP
was significantly higher with HSA (17.4 =
24.1) than with phytate (3.3 = 1.6) (p = 0.002).
In 18 limbs on the affected side, the SUVR of
LP was significantly higher with HSA (13.8 +
10.3) than with phytate (5.1 + 3.6) (p = 0.005)

(Fig 3).
DISCUSSION

This study investigated the feasibility of
using two radiotracers C HSA and phytate C
for objective evaluation and imaging of pa-
tients with lower extremity lymphedema. Lym-
phoscintigraphy with SPECT-CT was per-
formed on the same patients using the two ra-
diotracers at different time points. In all pa-
tients, lymph nodes were visualized with both
HSA and phytate on the unaffected sides.
However, phytate was particularly poor in
rendering LP, and also conferred a small CNR
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Fig. 3. Comparison of SUVR of the linear pattern
SUVR between HSA and Phytate at the unaffected
and affected sites (Wilcoxon signed rank test). HSA,
99mTc-human serum albumin; Phytate, 99mTc -
phytate; SUVR, standardized uptake value ratio
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Fig. 4. Maximum intensity projection (MIP) image
of HSA and Phytate in the same patient. The thick
arrow indicates dermal backflow (DBF), and the
thin arrow indicates linear pattern (LP). In the HSA
image, both DBF and LP show good visualization.
HSA, 99mTc-human serum albumin; Phytate,
99mTc -phytate

for DBF. Therefore, HSA rendering was better
on both visual examination and quantitative
evaluation. The reason why LP and DBF were
poorly visualized in phytate was that the back-
ground count was high, uneven, and the con-
trast with the background was low (Fig 4). In
addition, the difference in the images could be

Permission granted for single print for individual use.

because *™Tc-phytate binds to Ca?* and form
colloid after injection, whereas *™Tc- HSA
remains as such in the lymphatic vessels.

The suitable particle size for lymphoscin-
tigraphy, including sentinel lymph node biop-
sy and visualization of normal lymphatic ves-
sels, was reported to be 50-70 nm (13), and the
radiotracers used were HSA (2-3 nm), tin col-
loid (400-5,000 nm), sulfur colloid (100-400
nm) and phytate (100-1,000 nm) (14). In addi-
tion to particle size, temperature and pH of
lymph or the interstitial fluid may affect
radiotracer uptake and its transport (14). Also,
binding stability of the radiotracer may have
an effect. However, unlike sentinel lymph
node biopsy and visualization of normal lym-
phatic vessels, the visualization of lymphede-
ma does not solely depend on the particle size
of the radiotracer used. In patients with lym-
phedema, the lymph vessels are narrowed,
obstructed, and their lymph transport capacity
is reduced. Therefore, when lymph nodes are
present, the lymph nodes on the affected side
take longer to demonstrate tracer than that of
lymph nodes on the unaffected side (15).

HSA has been widely used in lympho-
scintigraphy because it facilitates good visual-
ization of the lymphatic vessels because of its
binding stability and rapid absorption under
the skin (16-19). There was concern about
early washout, but the imaging of LP and
DBF were good in this study.

Of the 40 limbs with LP imaged by HSA
in this study, 22 (55%) were not imaged by
phytate at the affected side. Therefore, the
presence of subcutaneous lymphatic vessels
and collateral formation cannot be identified
on the phytate images. In addition, even on
the unaffected sides, HSA conferred a higher
SUVR of LP than that with phytate. This
suggests that ®™Tc- HSA has high binding
stability and is taken up by lymphatic vessels
more slowly or flows more slowly than *™Tc-
phytate after diffusing into the extracellular
matrix. Therefore, it may be better to visualize
DBF with HSA because the time taken by it to
leak from the lymphatic vessels is longer. By
obtaining an image with high clarity, more
detailed localization of DBF and LP existing
in DBF, can be identified. Thus, the clinical
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Fig. 5. An axial lymphoscintigraphy image acquired
with SPECT-CT. The thick arrow indicates dermal
backflow (DBF), and the thin arrow indicates linear
pattern (LP). LP can be confirmed on the backside
of DBF.

utility is improved not only in terms of sever-
ity evaluation but also as a method for identi-
fying lymphatic vessels.

We evaluated lymphoscintigraphy ima-
ges acquired for 120 minutes. However, there
are no uniform protocols and guidelines for
the evaluation time of lymphoscintigraphy
and evaluation time varies depending on the
report. Maclellan et al (20) reported that there
was no correlation between lymph nodes and
DBF appearance time or limb volume, and
lymphoscintigraphy (**™Tc -sulfur colloid) of
upper limb lymphedema did not need to
exceed 120 minutes. Although there may be a
small involvement of lymphovenous shunt
(21), our lymphoscintigraphy images taken
120 minutes after HSA injection showed that
activity of LP remain higher than the activity
of labelled albumin in blood vessels after its
dilution in the blood volume. Therefore, we
considered that the LP imaged in the lower
limb was a significant finding as subcutaneous
lymphatic vessels and we believe that the 120-
minute evaluate was appropriate. Lympho-
scintigraphy is generally used for static evalu-
ation, however, by setting the timing of lym-
phoscintigraphy imaging multiple times, there
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is a possibility of further application of this
technique for the evaluation of dynamic lym-
phatic flow (9). If the lymphatic vessels could
be visualized with high-flow velocity, the
imaging strategy may also be applicable for
the selection of effective LVA.

A limitation of this study is that many
cases underwent LVA surgery between the
HSA and phytate imaging time points. It is
possible that LVA changed the findings of
lymphoscintigraphy (22). Although, in theory,
LVA should increase lymph flow from the
limb and reduce DBF and neither of these
were significantly different.

Moreover, in all cases, the phytate scans
were performed after the HSA imaging. The
progression of lymphedema cannot be ruled
out and a bias could be present. However, this
study enrolled patients whose Maegawa classi-
fication stage did not change. We consider
that the bias is small because we compared the
same findings in the same patient with the
same type and site. Another limitation is that
we used the unaffected side as the control.
Whether the unaffected side can be used as a
control is uncertain. Rossi et al (23) reported
that upper limb lymphoscintigraphy showed
asymmetric time to reach the axillary lymph
nodes in 37.5% of 16 melanoma cases and 50%
of 10 normal cases they examined. They were
concerned about left-right differences and the
effect of physical activity after the injection,
which suggested that lymphatic function may
also differ between the left and right sides.
Our report is useful because the assessment
was performed for the same limb of the same
patient, rather than on the unaffected side or
in comparison to a healthy individual.

Although lymphoscintigraphy has been
used as a diagnostic modality for decades, it
remains useful in the diagnosis of lymphede-
ma. In addition, improvements in technology
and accumulation of evidence have made it
possible for lymphoscintigraphy with SPECT-
CT to objectively identify lymphatic vessels
that are difficult to distinguish by NIRF.
Based on these findings, we can identify LP on
the back side of DB (Fig 3), and accordingly
perform LVA. SPECT-CT with HSA can
visualize deep layers and distinguish deep
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lymphatic vessels from deep arteries. This is
also made possible by the superiority of HSA
over phytate in visualizing LS. Furthermore,
we believe that three-dimensional anatomical
and kinetic evaluation of the branches connec-
ting the superficial and deep lymphatic vessels
is possible in the future, which could confer
further usefulness of the imaging technique.

CONCLUSION

Lymphoscintigraphy using HSA and
phytate was performed on the same limb of
the same patient. Images acquired with HSA
were sharper than those acquired with phy-
tate, and especially, had better identification
of LP. Lymphoscintigraphy with SPECT-CT
using HSA was useful not only for severity as-
sessment but also for lymphatic vessel identi-
fication. We expect future development in
three-dimensional anatomical evaluation of
lymphatic vessels with accuracy.
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