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Abstract

Introduction

The classical lymphoscintigraphic investigations of lower-limb lymphatic edema [LLLE]
sometimes reveal either no or few lymph nodes [LNs] at the root of the limb[s] and/or in the
abdomen. The aim of the present paper is to report the results of performing one additional
injection at the root of the edematous limbJ[s] to force the visualization of the LNs and/or to
demonstrate the collateral lymphatic pathways in such patients.

Methods and findings

We retrospectively reviewed our database and found 99 patients [44 primary LLLE with 47
limbs injected and 55 with LLLE secondary to treatments for cancer with 64 limbs injected]
where such an additional injection had been performed.

In the 43 LLLE patients where no LNs were seen at the end of the classical exam [15 pri-
mary LLLE and 28 secondary LLLE], the extra injection showed lymphatic drainage toward
LN[s] in all except 3 and when at least one LN was seen, the injection showed lymphatic
drainage in every case toward the same ipsilateral [inguinal and/or iliac] LNs [as shown by
the classical injection] and/or toward additional LNs.

In 40.7% of patients, we observed one or more additional lymphatic pathways: prepubic
superficial lymphatic vessels [LV] crossing the midline anteriorly toward contralateral ingui-
nal LNs in 21 [18.9%], “posterior” LV [toward contralateral inguinal LNs and/or ipsi- or con-
tralateral lumbo-aortic and/or para-renal LNs] in 14 [12.6%], but deep LV toward the
ipsilateral common iliac LNs passing between the gluteal muscles in 32 [28.8%)].

Conclusion

Our work pinpoints one limitation of classical bipedal radionuclide lymphangiography. In
patients with primary and secondary LLLE where inguinal and/or iliac LNs cannot be seen
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on bipedal radionuclide lymphangiography, this additional injection reveals the true lympho-
nodal status and shows unexpected collateral lymphatic pathways in 40% of cases. Such
information is of the utmost importance in LLLE management and its acquisition is conse-
quently recommended in these patients.

Introduction

Lymphoscintigraphy, the radionuclide imaging of the lymphatic system, is now the most com-
mon way to investigate edema affecting the lower limbs [1-3]. Lower-limb edema is defined as
“lymphedema” when functional and/or morphological abnormalities can be demonstrated
[1,4,5]. Lower limb lymphedema [LLLE] can be either secondary [after surgery, radiotherapy,
or trauma] or, less frequently, primary [2,3]. Such edemas represent a chronic [life-long] dis-
ease and can sometimes be disabling and/or severe [e.g., “elephantiasis”; lymphatic reflux in
the genital organs; lymphatic leakage; when it leads to infections, etc.]. In these situations, lym-
phoscintigraphic images, which are usually obtained after radiocolloid injection[s] in the feet,
sometimes fail to reveal the inguinal and/or iliac and lumbo-aortic lymph nodes [LNs]. Failure
to visualize these LN can, either reflect their actual absence because they have been, for exam-
ple, resected in secondary lymphedema, or be a manifestation of primary lymphedema [“lym-
phadenoaplasia” and “hypoplasia” according to Kinmonth] [6]. However, these LNs, although
present, will also not be visualized if the ability of the lower-limb lymphatic vessels [LVs] to
transport the radiocolloids from the feet toward and into these nodes is so diminished that the
scintigraphic tracer does not reach them and/or because progressive sclerosis has occurred [7].
Additionally, collateral lymphatic pathways may appear to overcome the “blockade” of lym-
phatic return in the systemic circulation [8]. These collaterals may sometimes be seen but their
presence may also be underestimated due to the same limitations as previously mentioned.
The aim of the present paper is to report our analysis of such situations and, in patients who
were referred for the investigation of LLLE and who did not show any [and/or a reduced num-
ber of] LNs in the inguinal and/or intraabdominal areas, the results of one additional injection
performed at the root of the edematous limb[s] to “force” visualization of the LNs and/or to
demonstrate the collateral lymphatic pathways.

Materials and methods

In this retrospective single-center observational review of our database, 99 patients who
received such additional injection from 2008 to 2019 in the Service of Nuclear Medicine of the
Jules Bordet Institute were found [see Table 1 for flow of patient selection] by the 1st author
[PB] [The additional injection was systematically proposed to patients who were referred for
the lymphoscintigraphic evaluation of lower limb edema and for whom the exam showed no
LNs in the inguinal and/or intraabdominal areas and was performed after their informed con-
sent]. All medical data and information regarding the patients included in this study were
used in agreement with the rules of conduct dictated by the institution and in agreement with
the Ethics Committee of the Jules Bordet Institute [Ethics Committee approval number 2048:
patients’ informed consent is not requested for retrospective reviews and every patient is
informed that their data can be used for such retrospective review].

Lymphoscintigraphic technique
Our method [9] was as follows: 0.2 mL of 99mTc-labeled [74-111 MBq per injection] human
serum albumin nanocolloid [0.05 mg per injection; Nanocoll, GE Healthcare] was injected
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Table 1. Flow chart of selection of patients for this retrospective study.
Patients referred for investigation of LLE from 2008 to 2019
n =907

with final diagnosis of

lary 2ary
LLLE LLLE
n =231 n =237

with no LNs or decreased number of LNs in the inguinal and/or ilio-lumbo-aortic areals]
* /* *

with our additional injection performed at the root of the limb after informed consent

n=44 n=>55

*/** The injection was not proposed to 18 patients with lary LLLE and to 22 patients with 2ary LLLE] when planar
and/or SPECT-CT imaging showed LNs in nonclassical anatomical areas suggestive of the natural development of

collateral pathways.

https://doi.org/10.1371/journal.pone.0253900.t001

subcutaneously [using a tuberculin syringe] in the first interdigital space of each foot, with the
patient supine on the exam table. The patient was instructed not to move the toes or feet dur-
ing the following 30 minutes. One image of the injected site was obtained directly after the
injection. The camera head was then moved to the inguinal area, where dynamic imaging was
performed once to record the time to inguinal node appearance and to evaluate possible asym-
metry in the nodal accumulation of the tracer. Next, one first set of whole-body images [a
whole-body scan or WBS; anterior and posterior views] was obtained [“phase 1”]. For “phase
27, one dynamic scan [lasting 15 minutes] of the inguinal area was performed but with the
patient tip-toeing [flexing the toes and feet] during the sixth to tenth minute of the acquisition
[with the patient still lying on the exam table and with the same goals as for phase 1, but with
increased flow in the LVs of the limbs], and another set of whole-body images [anterior and
posterior views] was obtained. Next [“phase 3], a 3rd WBS was obtained after 1 hour of walk-
ing and the injected site was imaged [to calculate the percentage of radiocolloid extracted by
the lymphatic system at the end of the investigation]. The whole protocol with the 3 phases
[see Figs 4, 5A and 9] was completed in 3-4 hours in order to only take half of the patient’s
day.

When imaging after “phase 3” showed no LNs in the inguinal and/or intraabdominal areas,
another injection and additional imaging were performed [after obtaining informed consent
from the patient], either on the same day as the investigation of the lower limbs or [see Figs 3,
5 and 6] on another day [according to the patient’s availability and the availability of the
camera].

At this time, 0.4 mL of radiocolloid [74-111 MBq] was injected intradermally in the lateral
part of the thigh in front of the greater trochanter [when this injection was performed on the
same day as the 1st investigation, radiocolloid from the same vial was used for the interdigital
injection; when the injection was performed another day, one-fifth of the standard Nanocoll
preparation was used]. Images [anterior and posterior views, each 1-2 minutes long] were
obtained after this injection, as follows. First, one or two images were obtained directly and
without additional intervention to show the spontaneous lymphatic drainage of the injected
area. Second, one or two images were obtained after stretching the injected site [to force the
entry of the colloid into the lymphatic system]. Third, one or two images were obtained after
massage movements above and limited to the injection site. Finally, images were obtained
after more specific lymphatic drainage manipulation of the root of the limb and of the LVs and
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LNs shown in the previous images. This massage was designed to push the radiocolloid in the
direction of all possible and well-known collateral pathways. With additional experience, these
last massage movements were also performed with the patient lying in the lateral decubitus
position. This additional investigation [“phase 4”] lasted 20 to 40 minutes at most. Single-pho-
ton emission computed tomography [SPECT-CT] of the abdomen and pelvis [see Fig 5B] was
also proposed to patients and performed when the gamma camera system was available [the
added value of these SPECT-CT acquisitions in these patients will be presented in another

paper].

Results
Population

During the observational period, 301 patients out of the 907 who were referred for one lym-
phoscintigraphic evaluation of lower-limb edema [110 out of the 231 with primary LLLE and
191 out of the 237 with secondary LLLE] met the inclusion criteria [no LNs or decreased num-
ber of LNs in the inguinal and/or iliolumboaortic area[s]], and 99 patients among these 301
patients received the additional injection [see Table 1]. The injection was not proposed to 40
of these 301 patients [18 with primary LLLE and 22 with secondary LLLE] when planar and/or
SPECT-CT imaging showed LNs in nonclassical anatomical areas suggestive of the natural
development of collateral pathways.

Forty-four patients [see Table 2] had primary LLLE [31 women and 13 men; mean age, 45.5
years; range, 12-80 years]. These cases of edema were classified as “early onset” [first symp-
toms before the age of 35 years] in 26 patients and as “late onset” [first symptoms after the age
of 35 years] in 18. In this group, 47 limbs were evaluated [2 patients had 2 exams, and 1
received injections in two limbs]. Edema was left-sided in 13 and right-sided in 19 patients.
When the edema was bilateral, it was more severe on the right side in 11 patients and more
severe on the left side in 4. In 15 of these limbs [31.9%], including those in 7 early-onset
[26.9% of the early-onset cases] and 8 late-onset [44.4% of the late-onset cases] cases, no LNs
were observed by our classical three-phase scintigraphy method.

Fifty-five patients [see Table 2: 45 women and 10 men; mean age, 56.1 years; range, 28-83]
had LLLE secondary to lymphadenectomy [in all but 2] and/or radiotherapy [in 17] for cancer
[lymphoma = 2; melanoma = 15; Merkel cell carcinoma = 1; ovarian carcinoma = 3; prostate
carcinoma = 3; sarcoma = 8; cervical and/or corpus uteri carcinoma = 21; vulvar carci-
noma = 2]. In this group, 64 limbs [one patient underwent 3 exams, and both limbs were stud-
ied in 5 cases] were investigated, among which no LNs were observed in 28 [43.7%] by our
three-phase imaging method. Edema was left-sided in 24 and right-sided in 21 patients. When
edema was bilateral, it was more severe on the right side in 12 and on the left side in 7 patients.

Lymphoscintigraphic results
The results can be summarized as follows:.
« After this additional injection at the level of the LLLE for which no LNs were observed [see

Figs 1-5], LVs draining toward LNs were identified in all 15 limbs with primary LLLE [7
“early-onset” and 8 “late-onset” cases] and in all but 3 of the 28 limbs with secondary LLLE.

o When at least one LN was observed after our classical investigation [see Figs 6-9], lymphatic
drainage toward the same LN [see Figs 6 and 7] and/or toward additional LNs [see Figs 7-9]
was observed in all cases.
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Fig 1. “No LNs observed in one case of primary bilateral LLLE? They are present!”. Phase 3 lymphoscintigraphy
[on the left: Anterior WBS] in a 70-year-old woman with primary left-sided LLLE for 30 years showed no lymphatic
vascular drainage and no infra-diaphragmatic LNs on either side. However, intradermal injections performed on the
same day in the external part of the buttocks revealed LVs coursing in the direction of the right inguinal area, reaching
the inguinocrural LNs and thereafter the iliac and lumbo-aortic LN, bilaterally [on the right: Four consecutive
anterior views, from left to right and top to bottom, centered on the pelvis and abdomen].

https://doi.org/10.1371/journal.pone.0253900.9001

.

o In cases of primary LLLE, we identified 16 lymphatic drainage vessels different from the
superficial drainage vessels directed toward the ipsilateral inguinal LN area. They were
deep [intergluteal] in 7 [14.9%)] patients, crossed the midline anteriorly [see Figs 3 and 6] in
6 [12.8%] and were “posterior” [see Figs 2 and 3] in 3 [6.4%].

« In cases of secondary LLLE, we identified 48 lymphatic drainage vessels different from the
superficial drainage vessels directed toward the ipsilateral inguinal LN area. They were
deep [intergluteal: see Fig 5B] in 21 [32.8%] patients, crossed the midline anteriorly [see Figs
4 and 7-9] in 15 [23.4%], were “posterior” [see Figs 8 and 9] in 11 [17.2%], and flowed
toward the ipsilateral axilla in 1 [1.5%].

o These collateral pathways were thus detected twice as frequently in secondary LLLE as in pri-
mary LLLE [and significantly more frequently in 2ary LLLE than in lary LLLE].

o “Posterior” lymphatic drainage vessels were observed in 6 [6%] patients, toward ipsilateral
lumbo-aortic LNs in 2 [see Fig 2], toward contralateral lumbo-aortic LNs in 2 [see Fig 3] and
crossing the midline to reach contralateral inguinal LNs in 2 [see Fig 9].

Discussion

The three-phase protocol for lymphoscintigraphy in LLLE was developed in the 1980s and
remains our standard approach [10]. It was adopted in 2008 by the Belgian health insurance
system as one of two ways to define edema of the lower limbs as lymphatic in origin and as the
rationale for reimbursement for physical therapy prescribed for these patients [11]. It is also
the standard protocol proposed by the Belgian Society of Nuclear Medicine for the investiga-
tion of such edematous situations [9].
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Fig 2. “No infra-diaphragmatic LNs in a case of primary LLLE? Inguino-crural LNs and one collateral vessel are present!”. Phase 3 lymphoscintigraphy in a
31-year-old woman with left-sided primary LLLE showed normal lymphatic drainage and normal infra-diaphragmatic LNs on the right side but lymphatic drainage
from the foot to the mid-thigh through the superficial dermal lymphatic network and no infra-diaphragmatic LNs on the left side [see WBS on the left side]. The
consecutive anterior views from top to bottom and right to left centered on the pelvis and abdomen, and, on the right, the posterior view [upper image] centered at the
level of the liver and spleen and the anterior view centered on the pelvis and abdomen [lower image] obtained after the intradermal injection performed on the same
day in the external part of the left buttock revealed LVs flowing in the direction of the right inguinal area, reaching inguinocrural LNs and, from these LNs, LVs flowing
up in the left flank [horizontal arrows] to reach three left-sided lumbo-aortic LNs [oblique arrows] between the upper part of the kidney and the vertebral column.

https://doi.org/10.1371/journal.pone.0253900.9002

In such investigations, the absence of visualization of some LNs could be normally expected
in secondary LLLE [after surgical removal and/or due to fibrosis after surgery and/or radio-
therapy] and in primary LLLE [in the case of lymphadeno-aplasia]. However, the following
three types of lymphoscintigraphic results led us to consider the limitations of our “physiologi-
cal” approach. In the first, migration of the tracer remained limited to the distal part of the
limb(s] [as in Fig 1]. In the second, no LNs could be observed, although they had been
observed previously. In the third, the tracer flowed up to the root of the limb[s], sometimes
revealing LNs, but to a lesser extent than could be, for example, expected in cases of secondary
LLLE, especially when considering the bilaterality of the lymphadenectomies performed and
the number of LNs that had been surgically removed [12].

From a practical point of view, it is possible that longer periods of walking than the hour
performed by these patients would have allowed us to see [if present] these LNs. However, it
would have been inconvenient to lengthen the exam for the patients [some of whom were
elderly and disabled by their “elephantiasic” lymphedemal].

Consequently, we began to propose one additional injection at the root of the limb([s] to
our patients. We were aware that one single injection could not reveal all LNs draining to the
root of the edematous limb [13], but our intradermal injection in the lateral part of the thigh in
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Fig 3. “Our injection shows collateral vessels flowing toward contralateral inguinal LNs and ipsilateral lumbo-aortic LNs”. Phase 3 lymphoscintigraphy in a
25-year-old man with right-sided primary LLLE at the level of the ankle and calf showed [see WBS on the left] normal lymphatic drainage and normal infra-
diaphragmatic LNs on the left side but lymphatic drainage from the foot to the root of the limb through LVs and the superficial dermal lymphatic network on the right
side. The consecutive images [on the right: From right to left, consecutive images, upper panel = anterior views; lower panel = posterior views; centered on the pelvis
and abdomen] obtained after the intradermal injection performed several days later in the external part of the right buttock revealed LV [vertical arrows from top to
bottom] flowing in the direction of the right inguinal area, crossing the midline before the pubic area and reaching contralateral inguinal nodes [arrows from bottom to
top] as well as LV’ flowing up laterally [horizontal arrows from left to right] and then posteriorly in the left costo-lumbar area and crossing the midline [oblique arrows
from bottom to top and left to right] to reach one right-sided lumbo-aortic LN [oblique arrows from top to bottom and left to right].

https://doi.org/10.1371/journal.pone.0253900.9003

front of the greater trochanter was chosen because we wished 1] to force with such intradermal
injection [better than one subcutaneous one] [14] the quick demonstration a] of the presence
of the most frequently expected lymphatic drainages toward unrecognized LN at the level of
the root of the limb[s] and/or in the abdomen and/or b] of possible posterior and/or lateral
collateral lymphatic pathways at the level of the pelvis but also 2] to avoid or limit the possible
“stardust” effect that might mask some LNs and/or draining LVs.

Practically, and in the population referred during the observational period to our service
for the investigation of lower-limb edema, we were led to propose such an additional injection
to 47.6% of the patients with primary LLLE and to 80.6% of the patients with secondary LLLE.
The problem is thus far from neglectable.

These additional injections are also of interest because they can demonstrate superficial and
sometimes deep collateral lymphatic pathways [after the distal interdigital injection at the end
of our classical 3 phases, these were observed in only 40 of 301 patients, 18 with primary LLLE
and 22 with secondary LLLE]. Prepubic superficial collateral lymphatic drainage toward con-
tralateral inguinal LNs after this additional injection was one of the two types most frequently
observed, occurring in 21/107 [20%] patients in the whole series. These prepubic collateral ves-
sels were observed somewhat more frequently in secondary LLLE [15/66, 22.7%] than in pri-
mary LLLE [6/52, 11.5%] and more frequently in secondary [5/28, 17.8%] than in primary [2/
17, 12%] LLLE among patients without LN.

If these prepubic collateral vessels were expected, less expected were:
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Fig 4. “No infra-diaphragmatic LNs in a case of left-sided secondary LLLE? Intra-abdominal LNs and collateral vessels are present!”. Lymphoscintigraphic
imaging [left: From left to right, anterior WBSs obtained after 30 minutes without movement [phase 1], after five minutes of “tip-toeing” [phase 2] and after one hour
of walking [phase 3] at the end of our exam] revealed in a 44-year-old woman with left-sided LLLE secondary to inguinal and iliac LN dissection, radiotherapy and
chemotherapy for melanoma the following:

« On the phase 1 WBS, normal lymphatic drainage from the foot to the first inguinal LN was observed on the right side, whereas progression of the tracer in one LV
and in the superficial lymphatic collateral network was observed limited to the distal part of the left limb.

« On the phase 2 WBS, increased activity in the right inguinal LN and the appearance of an iliac LN was observed, while on the left side, progression of the tracer in the
superficial lymphatic collateral network was observed up to above the knee.

« On the phase 3 WBS, normal lymphoscintigraphic findings were observed on the right side and on the left side, with activity in the superficial lymphatic collateral
network [dermal backflow] flowing up to the mid-thigh but without LNs.

The intradermal injection performed on the same day in the external part of the buttock revealed the following [right: From top to bottom, three sets of consecutive
images centered on the pelvis and abdomen: Anterior views on the right and posterior views on the left]:

o The tracer was observed to flow upward but also downward in the superficial lymphatic collateral network.

« One LV flowing toward the inferior part of the groin and another flowing toward one median inguinal LN were observed.

» One LV crossing the midline under the bladder to reach one “new” right-sided inguinal LN internally located with reference to the LN demonstrated by the right
injection was observed.

« One LV reaching two left common iliac nodes was observed.

o At least two LVs flowing up obliquely and reaching a left lumboaortic LN were observed.

https://doi.org/10.1371/journal.pone.0253900.9004

[1] the demonstration of posterior superficial collateral vessels flowing from the external
injected part of the thigh toward its lateral and posterior part, the flank and the posterior
costo-lumbar area to reach the intraabdominal LNs and/or crossing the midline to finally
reach the contralateral inguinal LNs and

[2] deep lymphatic drainage direct to the common iliac LNs [as in Fig 5, demonstrated by
SPECT-CT, with LVs passing between the gluteal muscles and sometimes with intercalated
LNs].

These deep intergluteal draining LVs, running from the buttock toward the iliac common
LNs are described in the anatomical atlas. To our knowledge, however, this is the first report of
these intergluteal LVs as well as LV from the external part of the buttock flowing back and
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Fig 5. “Collateral vessels flowing toward right intra-abdominal LNs are demonstrated by the injection performed on another day!”. Lymphoscintigraphic
imaging following [see Fig 5A: left: Anterior WBSs obtained [from left to right] after 30 minutes without movement [phase 1], after five minutes of “tip-toeing” [phase
2] and after one hour of walking [phase 3] at the end of our exam] in a 74-year-old woman with left-sided LLLE secondary to inguinal and iliac LN dissection for
melanoma revealed in a 74-year-old woman with left-sided LLLE secondary to inguinal and iliac LN dissection for melanoma the following:

o On the phase 1 WBS, normal lymphatic drainage from the foot to the first inguinal LN on the right side was observed, while progression of the tracer in one LV was
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observed limited to the distal part of the left limb.

« On the phase 2 WBS, increased activity in the right inguinal LN was observed, while on the left side, lymphatic collateral vessels were observed above the ankle.

« On the phase 3 WBS, normal lymphoscintigraphic findings were observed on the right side and on the left side, with activity in the superficial lymphatic collateral
network [dermal backflow] from the ankle up to the groin without LNs.

The intradermal injection performed several days later in the external part of the buttock revealed a complex situation with LVs reaching the following [see Fig 5A:
right: From top to bottom, five sets of consecutive images [anterior views on the right and posterior views on the left] centered on the pelvis and abdomen, and Fig 5B:
From left to right and top to bottom, selection of 2 transverse, 2 frontal and 2 sagittal SPECT-CT images]:

« Two paravertebral LNs above the left kidney with 2 LNs intercalated “in transit” in the flank were observed.

» One common iliac LN was observed with one LN intercalated between the gluteal muscles and another under the osseous iliac arch.

« One ilio-lumbo-aortic LN was observed with two LNs intercalated at the level of the posterior part of the iliac crest.

https://doi.org/10.1371/journal.pone.0253900.g005

crossing the posterior abdominal wall toward the contralateral inguinal LNs, as demonstrated
by lymphoscintigraphy.

Strikingly, after this additional injection, we demonstrated collateral lymphatic pathways in
6/17 [35%] cases of primary LLLE and in 21/28 [75%] cases of secondary LLLE in limbs with-
out ipsilateral LN visualization [2p < 0.01] and in 9/35 [26%] cases of primary LLLE and in
26/31 [84%)] cases of secondary LLLE in limbs with ipsilateral LN visualization [2p < 0.001].
The greater number of collateral pathways identified in cases of secondary than primary LLLE
may reflect the poorer development and/or function of the lymphatic vasculature in the latter.

Practical implications

The use of this additional injection might have important implications for the management of
patients with primary and secondary LLLE.

According to Kinmonth [6], who used X-ray lymphangiography, primary LLLE can be clas-
sified into three groups: distal peripheral lymphangio-dysplasia [abnormal lympho-vascular
drainage but a normal LN situation], proximal lymphadeno-dysplasia [normal lympho-vascu-
lar drainage but an abnormal LN situation], and these two combined. For patients with such
LLLE, the prognosis and evolution of these lymphangiographic presentations seem indeed dif-
ferent [15] and worse for those with proximal lymphadeno-dysplasia. With this additional
injection and its result, the patient can be better informed, and his/her follow-up can be
changed appropriately [with control proposed every year rather than every three years].

These results also have several practical therapeutic implications for surgeons. The demon-
stration of LN at the root of the limb raises the possibility of performing LN-to-vein anasto-
mosis [16-18] as well as, when no LNs are demonstrated at the root of the limb, the question
of whether the results of one [simple] classical lymphoscintigraphic approach should be used
to support LN grafting, as previously proposed [19]. The demonstration of naturally open and
functioning lymphatic pathways from one inguinal area to that on the opposite side [as in Fig
3] may also raise questions about the utility of LV transplantation [20,21]. The presence of
[inguinal and/or intraabdominal] LNs and/or collateral vessels, as shown with the additional
injection, must at least be kept in mind when analyzing the clinical results of such interven-
tions and their lymphoscintigraphic controls. In fact, in any study in which LN grafting is

Table 2. Patients characteristics.

lary LLLE 2ary LLLE
N patients 44 55
Women/Men 31/13 45/10
Mean age 45,5 years 56,1 years
Range 13-88 28-75
Limbs with additional injection 47 64
With NO lymph nodes seen 15 28

https://doi.org/10.1371/journal.pone.0253900.t002
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Fig 6. “The injection [performed on another day] shows crossed drainage from one inguinal side to the opposite side!”. Phase 3 lymphoscintigraphy [left: Anterior
WBS obtained after 1 hour of walking [phase 3] at the end of our exam] revealed in a 13-year-old woman with left-sided primary LLLE at the level of the ankle and calf
the following:

« On the right side, normal lymphatic drainage from the foot to the root of the limb was observed, but with one inguinal nodal gap [horizontal arrow] and decreased
activity in the common iliac and lumbo-aortic LNs.

o On the left side, normal lymphatic drainage from the foot to the root of the limb was observed, but with limited lymphatic reflux from the inguinal LNs toward the
superficial dermal lymphatic network in the upper and inner third of the thigh [oblique arrow]; normal infra-diaphragmatic LN findings were also observed [“gap” in
the iliac common area, irregular distribution of the inguinal LNs], but with one LN at the level of the flank [vertical arrow].

The consecutive anterior views centered on the pelvis and abdomen obtained after the intradermal injection performed several days later in the external part of the left
buttock revealed [right: From top to bottom and right to left] lymphatic drainage toward the inguinocrural LNs and thereafter in the whole intraabdominal nodal axis
but also one LV from the left inguinocrural LNs in the direction of the right inguinal area, crossing the midline before the pubic area and reaching one contralateral
inguinal node [vertical arrows].

https://doi.org/10.1371/journal.pone.0253900.9006

proposed at the root level of a lymphedematous limb, it should be ensured that LNs are truly
absent and simply not shown by the injection in the foot.

For physical therapists [who usually work in a “blind” way on all the possible collateral
lymphatic pathways they have learned] [8,22], this “phase 4” injection can reveal the collat-
eral LVs present in their patients and which the therapist may stimulate to keep them open.
Observation of the prepubic lymphatic pathways supports the physical therapy proposed for
secondary LLLE. However, in primary LLLE, manual lymphatic drainage of the contralat-
eral lymphatic pathways is not classically mentioned in the initial treatment plan [22]. Fol-
lowing our observations, the practice of physical therapists must adapt to the new
information. The unexpected draining LVs observed during phase 4 lymphoscintigraphy
should help them drain the edema, and their sessions of manual lymphatic drainage [usually
limited to 30 minutes] might become more efficient and cost effective. The protocol of our
exams [and the resulting images] is systematically given to the patients with our
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Fig 7. “Intraabdominal LNs and collateral vessels are shown in a case of secondary LLLE!”. Phase 3
lymphoscintigraphy [left: Anterior WBS obtained after 1 hour of walking at the end of our exam] revealed in a 69-year-
old woman with left-sided LLLE secondary to surgery for inguinal leilomyosarcoma the following:

« On the left side, one normal draining LV reaching one complete infradiaphragmatic LN axis was observed.

« On the right side, one draining LV reaching one inferior inguinal LN from which lymphatic reflux was observed with
one area of faint activity in the upper inguinal area but no common iliac LNs.

o The three consecutive images [right: From top to bottom, anterior views] centered on the pelvis and abdomen [white
circles] obtained after the intradermal injection performed on the same day in the external part of the buttock revealed
draining LV toward the inguinocrural LN [from bottom to top and left to right, oblique arrow], the common iliac LNs
[from up to down and left to right, arrow] and toward the contralateral inguinal LN in the prepubic area [from top to
bottom and right to left, arrow]. Manual lymphatic drainage applied to the root of the right limb allowed reduction of
the lymphedema from + 20.6% excess to + 4.9% excess [determined by comparison of the sum of the circumference
values measured every 4 cm from the ankle to the root of the limb].

https://doi.org/10.1371/journal.pone.0253900.g007

recommendations to their physical therapists to adapt their treatment to these results [when
possible] and to stimulate merely the collateral vessels shown by this additional injection.
To date, we only have case reports of some clinical improvement in the edema when the
therapist took such information into account for patients in whom their classical “blind”
approach was unsuccessful [as in Fig 7]. Regardless, the interest of such an injection for the
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Fig 8. “Intra-abdominal LNs and collateral vessels are shown in a case of secondary LLLE!”. Phase 3
lymphoscintigraphy [left: Anterior WBS obtained after 1 hour of walking [phase 3] at the end of our exam] revealed in
a 59-year-old man with left-sided LLLE secondary to surgery and radiotherapy for liposarcoma of the thigh the
following:

« On the right side, multiple draining LVs reaching one complete infra-diaphragmatic LN axis were observed.

« On the left side, lymphatic drainage from the ankle to the root of the limb through the superficial dermal lymphatic
network was observed with one inguinal LN, one inguinocrural LN and at least one upper iliac common LN with one
left-sided group of lumbo-aortic LNs [which might have received their colloidal load from the right-sided LNs].

The three sets of consecutive images [from top to bottom, anterior views on the right and posterior views on the left]
centered on the pelvis and abdomen obtained after the intradermal injection performed on the same day in the
external part of the buttock revealed the following:

« On the posterior views, one LV flowing “up” reaching two external iliac LNs [oblique arrows] above the
inguinocrural LN was observed, along with another LV flowing “down” posteriorly [vertical arrow] toward the internal
part of the thigh to reach the superficial dermal lymphatic network.

« On the anterior views, one faintly active LV [vertical arrow] flowing toward the midline under the area of bladder
activity was observed.

https://doi.org/10.1371/journal.pone.0253900.g008

physical therapist requires future studies comparing the results of their treatment with and
without this information, as proposed in the EFforT-BCRL trial [23].

The results of the lymphoscintigraphic exam may also be relevant to the prescription of
elastic stockings and the choice between garments that reach the top of the thigh and those
that include the pelvis [“panty” or “hemi-panty” styles], with the goal of avoiding the compres-
sion of superficial collateral LVs draining the edematous limb. Compression garments are the
most important tool for preserving and improving the therapeutic success achieved during
treatment with complete decongestive therapy.
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Fig 9. “Intra-abdominal LNs and collateral vessels are shown in a case of secondary LLLE”. Lymphoscintigraphic imaging [left: Anterior WBSs obtained [from left
to right] after 30 minutes without movement [phase 1], after five minutes of “tip-toeing” [phase 2] and after one hour of walking [phase 3] at the end of our exam]
revealed in a 65-year-old man with right-sided LLLE secondary to inguinal LN dissection and radiotherapy for Merkel cell carcinoma at the level of the calf the
following:

« On the phase 1 WBS [obtained after 30 minutes of the lower limbs remaining in a resting condition], normal lymphatic drainage from the foot to the first inguinal LN
on the left side was observed, whereas no clear lymphatic outflow was observed at the level of the right foot.

« On the phase 2 WBS, increased activity in the left inguinal LN was observed, but on the right side, only lymphatic drainage limited to the distal part of the limb was
observed.

« On the phase 3 WBS, normal lymphoscintigraphic findings were observed on the left side, but on the right side, dermal backflow at the level of the distal part of the
foot and at the level of the ankle with faint activity in the superficial lymphatic collateral network [dermal backflow] up to the root of the limb was observed, where at
least 3 LNs were visible with one iliac strain of activity.

The three sets of consecutive images [right: From top to bottom, anterior views on the right and posterior views on the left] centered on the pelvis and abdomen and
obtained after the intradermal injection performed on the same day in the external part of the right buttock revealed the following:

On the posterior views, three draining LVs were observed, the most important [median] reaching the right iliac LN, one [lower] flowing toward one right inguinal LN
and one [oblique arrows] flowing “up” laterally then horizontally toward and crossing the midline to “come back” anteriorly in one external right-sided inguinal LN.

« On the anterior view, one draining LV was observed crossing the midline under the area of bladder activity toward the left inguinal LN.

https://doi.org/10.1371/journal.pone.0253900.9009

Limitations of our work

One of the limitations of our work is that although the additional injection was systematically
proposed to the patients meeting the inclusion criteria, it could not be systematically per-
formed. The availability of the camera [and of the tracer] had to be taken into account and the
availability of the patients and the reluctance of some to undergo such an additional injection
of a radioactive tracer also represented a problem.

However, we think that our results are underestimated merely for the following reasons:

o The majority of images captured after these intradermal injections were only planar [ante-
rior and posterior views], and it was sometimes difficult to say if the LNs observed were due
to deep and/or superficial lymphatic drainage.
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o The simultaneous injection of the radiocolloid in both feet, when leading to the unilateral
visualization of LNs, may hamper the demonstration of one LN [among these “heterolateral”
LNs which may be “hyperactive”] as receiving activity from our additional injection.

« Activity in the bladder may hinder the recognition of faint signals from the prepubic LVs
where these vessels are in front of this area of bladder activity [see Figs 2 and 4].

o Our first investigations were also performed with the patients lying in the supine position,
which may have hindered lymphatic flow in the posterior LVs because these vessels were
compressed by the pressure of the patient’s weight.

o We did not always have the time needed to perform lengthy massage of all the potentially
present collateral lymphatic pathways.

« Finally, our manual lymphatic massages may have been less efficient than those performed
by well-trained professional physical therapists.

For other lymphoscintigraphic approaches?

These limitations may, however, be overcome by using one or more of the following
approaches [they are now routinely proposed to our patients, and they present their own
advantages but also limitations and/or disadvantages]:

o In patients with unilateral LLLE, the tracer can be injected into the foot of only the edema-
tous limb in a first attempt at visualization. With such an approach, crossing draining LV's
that have spontaneously opened, even in the presence of LNs at the root of the limb, may be
seen [for example, in secondary LLLE and especially in patients with clinical signs of edema
at the level of the root of the limb, thumb, genital area and/or prepubic area]. Limiting the
injection to only the edematous limb has the disadvantage of missing any functional and/or
morphologic lymphatic abnormalities in the “normal” nonedematous contralateral limb.
These cryptic or clinically latent abnormalities can be found in both primary and secondary
cases [24,25].

Patients with either unilateral or bilateral LLLE can be invited back for a second investiga-
tion with our additional injection at least several days after the first diagnostic three-phase
procedure. This approach has two advantages: [1] the injection is then performed under
optimal conditions for scintigraphy [see Figs 3, 5 and 6] [with the possible addition of one
SPECT-CT acquisition with the advantages: see Fig 5B] [26]; and [2] this second investiga-
tion can include one or more well-trained physical therapists of the institutional department
of physiotherapy [or the patient’s own physical therapist] who will then perform one session
of manual lymphatic drainage to try to open the collateral pathways [probably more effi-
ciently than the author PB could]. The disadvantage for the patients is clear: they have to
visit the clinic a second time. However, in our experience, when the advantages of a second
investigation are explained well, patients generally agree to one. For physical therapists, such
sessions are opportunities to directly see the results of their practice.

Imaging alternatives?

Lymphofluoroscopy, near infrared fluorescence imaging of LV after the injection of indocya-
nine green, has been proposed as a nonradioactive alternative to lymphoscintigraphy [27-29].
It yields more detailed images than lymphoscintigraphy and might reveal some lymphatic
pathways and/or dermal backflow phenomena better than the latter. However, it can detect
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only superficial fluorescent structures, not deep LNs [unlike planar lymphoscintigraphy and,
even better, lympho-SPECT-CT]. Its users include merely surgeons performing lymphatico-
venous anastomosis [29,30]. They appreciate its ability to show pre-operatively [and per-oper-
atively] the LVs to be anastomosed. The technique has also been used by physical therapists
[23,31]. To date, however, indocyanine green is officially approved only for imaging sentinel
LNs in cancer of the cervix and corpus uteri [32], and there are concerns about its potential
toxicity to LVs [33,34].

Magnetic resonance lymphangiography [MRL] is another alternative to lymphoscintigra-
phy [35-37] and is also largely used by surgeons [38]. They appreciate the resolution of the
MRL images and the fact that they can visualize the LVs, the LNs [eventually with no colloidal
uptake] and the veins surrounding the LVs for anastomosis. However, no reports of the ability
of MRL to diagnose the collateral pathways shown in our study and the LNs with no colloid
uptake could be found. MRL is also less available and more expensive, and its use is currently
constrained due to the requirement for the off-label subcutaneous injection of gadolinium che-
lates [36,38]. Unless such a magnetic contrast agent is injected, the lymphatic flows and their
orientations cannot be analyzed.

Conclusion

Our work pinpoints one limitation of classical bipedal radionuclide lymphangiography. In
patients with primary and secondary LLLE where inguinal and/or iliac LNs cannot be
observed, the additional injection shows the true status of LNs in at least one-third and reveals
the collateral lymphatic pathways in 40% of these cases. The information is of the utmost
importance in LLLE management by surgeons and physical therapists, and its acquisition is
consequently recommended in these patients.

Author Contributions

Conceptualization: Pierre Bourgeois.

Formal analysis: Pierre Bourgeois.

Investigation: Pierre Bourgeois.

Methodology: Pierre Bourgeois.

Writing - original draft: Pierre Bourgeois, Olivier Leduc.

Writing - review & editing: Pierre Bourgeois, Olivier Leduc.

References

1. Szuba A, Shin WS, Strauss HW, Rockson S. The third circulation: radionuclide lymphoscintigraphy in
the evaluation of lymphedema. J Nucl Med. 2003; 44:43-57. PMID: 12515876

2. Green AK, Slavin SA and Brérson H. Lymphedema: presentation, diagnosis and treatment Springer
UK Ed 2015.

3. Lee BB, Bergan JJ and Rockson SG. Lymphedema: a concise compendium of theory and practice.
Springer UK Ed 2011 and 2018.

4. Bourgeois P. Combined role of Lymphoscintigraphy, X-ray Computed Tomography, Magnetic Reso-
nance Imaging and Positron Emission Tomography in the management of lymphadematous diseases.
In: Lee BB JJ Bergan JJ and Rockson SG, editors. Lymphedema: a concise compendium of theory and
practice. Springer UK Ed 2011, 367-385.

5. Bourgeois P. Lymphoscintigraphy and other imaging methods. In: Green AK, SA Slavin SA and Brérson
H, editors. Lymphedema: presentation, diagnosis and treatment Springer UK Ed 2015, 157—184.

6. Kinmonth JB, Eustace PW. Lymph nodes and vessels in primary lymphoedema. Their relative impor-
tance in aetiology. Ann R Coll Surg Engl. 1976; 58:278-284. PMID: 182058

PLOS ONE | https://doi.org/10.1371/journal.pone.0253900  July 9, 2021 16/18


http://www.ncbi.nlm.nih.gov/pubmed/12515876
http://www.ncbi.nlm.nih.gov/pubmed/182058
https://doi.org/10.1371/journal.pone.0253900

PLOS ONE

Value of one additional injection in the evaluation and management of lower-limb lymphedema

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

27.

28.

Gentileschi S, Albanese R, Pino V, Stefanizzi G, Fragomeni S, Zagaria L, et al. SPECT-CT and fusion
ultrasound to target the efferent groin lymph node for lymphatic surgery. Microsurgery 2019: 39
[7]:605-612. https://doi.org/10.1002/micr.30501 Epub 2019 Aug 10. PMID: 31400162

Leduc A, Lievens P. Les anastomoses lympho-lymphatiques: incidences thérapeutiques. Travaux de la
Société Scientifique Belge de Kinésithérapie, vol 1V, n"1, 1976.

Belnuc | Methodological protocol for lymphoscintigraphy in limb edema [Prof. Bourgeois]—Belnuc.

Bourgeois P, Munck D, Becker C, Leduc O, Leduc A. Evaluation of a three-phase lymphoscintigraphic
investigation protocol of the lower limbedema. Eur J Lymphol 1997; 21: 22-28.

Bourgeois P., Belgrado J. & Aerens C. La lymphoscintigraphie dans la prise en charge thérapeutique
des cedemes des membres par les soins de santé en Belgique Lymphoscintigraphy in the management
of lymphedemas and their health costs. Médecine Nucléaire. 2010: 34: 675-682.

Roman MM, Barbieux R, Nogaret JM, Bourgeois P. Use of lymphoscintigraphy to differentiate primary
versus secondary lower extremity lymphedema after surgical lymphadenectomy: a retrospective analy-
sis. World J Surg Oncol. 2018 Apr 10; 16[1]:75. https://doi.org/10.1186/s12957-018-1379-5 PMID:
29631609

A Shinaoka A, Koshimune S, Suami H, Yamada K, Kumagishi K, Boyages J, et al. Lower-Limb Lym-
phatic Drainage Pathways and Lymph Nodes: A CT Lymphangiography Cadaver Study. Radiology.
2020 Jan; 294[1]:223-229. https://doi.org/10.1148/radiol.2019191169 PMID: 31746690

Bourgeois P, Leduc O, Belgrado JP, Leduc A. Scintigraphic investigations of the superficial lymphatic
system: quantitative differences between intradermal and subcutaneous injections. Nucl Med Commun.
2009 Apr; 30[4]:270—4. https://doi.org/10.1097/MNM.0b013e32831bec4d PMID: 19242387

Wolfe JH, Kinmonth JB. The prognosis of primary lymphedema of the lower limbs. Arch Surg. 1981;
116:1157-1160. https://doi.org/10.1001/archsurg.1981.01380210037007 PMID: 7283712

Moreno Gonzalez E, Olivera Dominguez J. Adenolympho-saphenous anastomosis using the Nielubow-
icz-Olszewski-Sakolowski method. Angiologia. 1972; 24:5-8. PMID: 5058125

Languasco GB, Cacciatore E, lachino C. Lymphedema and lymphonodovenous anastomosis. Proposal
of a technical modification. Angiologia. 1989; 41:11-16. PMID: 2712396

Allen RJ Jr, Cheng MH. Lymphedema surgery: Patient selection and an overview of surgical tech-
niques. J Surg Oncol. 2016; 113:923-931. https://doi.org/10.1002/js0.24170 PMID: 26846615

Cheng MH, Pappalardo M, Lin C, Kuo C, Lin CY, Chung KC. Validity of the Novel Taiwan Lymphoscinti-
graphy Staging and Correlation of Cheng Lymphedema Grading for Unilateral Extremity Lymphedema.
Annals of Surgery. 2018; 268:513-525. https://doi.org/10.1097/SLA.0000000000002917 PMID:
30004927

Baumeister RG, Seifert J. Wiebecke B. Homologous and autologous experimental lymph vessel trans-
plantation: initial experience. Int J Microsurg. 1981; 3:19-24.

Baumeister RG, Mayo W, Notohamiprodjo M, Wallmichrath J, Springer S, Frick A. Microsurgical Lym-
phatic Vessel Transplantation. J Reconstr Microsurg. 2016; 32:34—41. https://doi.org/10.1055/s-0035-
1554934 PMID: 26165882

Leduc O, Leduc A, Bourgeois P, Belgrado JP. The physical treatment of upper limb edema. Cancer.
1998; 15;83:2835-2839. https://doi.org/10.1002/(sici)1097-0142(19981215)83:12b+<2835::aid-
cncr36>3.0.co;2-v PMID: 9874408

De Vrieze T, Vos L, Gebruers N, Tjalma WAA, Thomis S, Neven P, et al. Protocol of a randomised con-
trolled trial regarding the effectiveness of fluoroscopy-guided manual lymph drainage for the treatment
of breast cancer-related lymphoedema [EFforT-BCRL trial]. Eur J Obstet Gynecol Reprod Biol. 2018
Feb; 221:177-188. https://doi.org/10.1016/j.ejogrb.2017.12.023 Epub 2017. PMID: 29277358

Alcofordo de Almeaida C, Marques Lins E, Soares Brandao SC, Bandeira Ferraz AA, Morone Pinto FC,
Romero de Barros Marques A. J Vasc Surg Venous Lymphat Sisord. 2017: 5[3]: 363-369.

Bourgeois P. Lymphoscintigraphic bilateral disease in patients with clinically unilateral primary lower
limb lymphedemas. Lymphat Res Biol. 2020 Dec 2. https://doi.org/10.1089/Irb.2020.0041 PMID:
33270523.

Baulieu F, Bourgeois P, Maruani A, Belgrado JP, Tauveron V, Lorette G et al. Contributions of SPECT/
CT imaging to the lymphoscintigraphic investigations of the lower limb lymphedema. Lymphology.
2013; 46:106-119. PMID: 24645534

Unno N, Inuzuka K, Suzuki M, Yamamoto N, Sagara D, Nishiyama M et al. Preliminary experience with
a novel fluorescence lymphography using indocyanine green in patients with secondary lymphedema. J
Vasc Surg. 2007; 45:1016—1021. https://doi.org/10.1016/}.jvs.2007.01.023 PMID: 17391894

Yamamoto T, Yoshimatsu H, Narushima M, Yamamoto N, Hayashi A, Koshima I. Indocyanine Green
Lymphography Findings in Primary Leg Lymphedema. Eur J Vasc Endovasc Surg. 2015; 49:95-102.
https://doi.org/10.1016/j.ejvs.2014.10.023 PMID: 25488514

PLOS ONE | https://doi.org/10.1371/journal.pone.0253900  July 9, 2021 17/18


https://doi.org/10.1002/micr.30501
http://www.ncbi.nlm.nih.gov/pubmed/31400162
https://doi.org/10.1186/s12957-018-1379-5
http://www.ncbi.nlm.nih.gov/pubmed/29631609
https://doi.org/10.1148/radiol.2019191169
http://www.ncbi.nlm.nih.gov/pubmed/31746690
https://doi.org/10.1097/MNM.0b013e32831bec4d
http://www.ncbi.nlm.nih.gov/pubmed/19242387
https://doi.org/10.1001/archsurg.1981.01380210037007
http://www.ncbi.nlm.nih.gov/pubmed/7283712
http://www.ncbi.nlm.nih.gov/pubmed/5058125
http://www.ncbi.nlm.nih.gov/pubmed/2712396
https://doi.org/10.1002/jso.24170
http://www.ncbi.nlm.nih.gov/pubmed/26846615
https://doi.org/10.1097/SLA.0000000000002917
http://www.ncbi.nlm.nih.gov/pubmed/30004927
https://doi.org/10.1055/s-0035-1554934
https://doi.org/10.1055/s-0035-1554934
http://www.ncbi.nlm.nih.gov/pubmed/26165882
https://doi.org/10.1002/%28sici%291097-0142%2819981215%2983%3A12b%2B%26lt%3B2835%3A%3Aaid-cncr36%26gt%3B3.0.co%3B2-v
https://doi.org/10.1002/%28sici%291097-0142%2819981215%2983%3A12b%2B%26lt%3B2835%3A%3Aaid-cncr36%26gt%3B3.0.co%3B2-v
http://www.ncbi.nlm.nih.gov/pubmed/9874408
https://doi.org/10.1016/j.ejogrb.2017.12.023
http://www.ncbi.nlm.nih.gov/pubmed/29277358
https://doi.org/10.1089/lrb.2020.0041
http://www.ncbi.nlm.nih.gov/pubmed/33270523
http://www.ncbi.nlm.nih.gov/pubmed/24645534
https://doi.org/10.1016/j.jvs.2007.01.023
http://www.ncbi.nlm.nih.gov/pubmed/17391894
https://doi.org/10.1016/j.ejvs.2014.10.023
http://www.ncbi.nlm.nih.gov/pubmed/25488514
https://doi.org/10.1371/journal.pone.0253900

PLOS ONE

Value of one additional injection in the evaluation and management of lower-limb lymphedema

29.

30.

31.

32.
33.

34.

35.

36.

37.

38.

Narushima M, Yamamoto T, Ogata F, Yoshimatsu H, Mihara M, Koshima I. Indocyanine Green Lym-
phography Findings in Limb Lymphedema. J Reconstr Microsurg. 2016; 32:72—79. https://doi.org/10.
1055/5-0035-1564608 PMID: 26422172

Gentileschi S, Servillo M, Albanese R, De Bonis F, Tartaglione G, Salagarello M. Lymphatic mapping of
the upper limb with lymphedema before lymphatic supermicrosurgery by mirroring of the healthy limb.
Microsurgery 2017: 37[8]: 881-889. https://doi.org/10.1002/micr.30247 PMID: 28952193

Medina-Rodriguez ME, de-la-Casa-Almeida M, Gonzalez Martin J, Hermida Anllo M, Medrano-San-
chez EM. Changes in Indocyanine Green Lymphography Patterns after Physical Treatment in Second-
ary Upper Limb Lymphedema. J Clin Med. 2020 Jan 22; 9[2]:306. https://doi.org/10.3390/jcm9020306
PMID: 31979042

HCPCS Code C9756.

Gashev AA, Nagai T, Bridenbaugh EA. Indocyanine Green and Lymphatic Imaging: Current Problems.
Lymphatics Research Biology 2010; 2:127-130. https://doi.org/10.1089/Irb.2010.0005 PMID:
20583875

Weiler M, Dixon JB. Differential transport function of lymphatic vessels in the rat tail model and the long-
term effects of indocyanine Green as assessed with near-infrared imaging. Frontier in Physiology 2013;
4:1-10. https://doi.org/10.3389/fphys.2013.00215 PMID: 23966950

Weiss M, Burgard C, Baumeister R, Strobl F, Rominger A, Bartenstein P et al. Magnetic resonance
imaging versus lymphoscintigraphy for the assessment of focal lymphatic transport disorders of the
lower limb: first experiences. Nuklearmedizin. 2014; 53:190-196. https://doi.org/10.3413/Nukmed-
0649-14-03 PMID: 24999013

Miseré RLM, Wolfs JAGN, Lobbes MBI, van der Hulst RRWJ, Qiu SS. A systematic review of magnetic
resonance lymphography for the evaluation of peripheral lymphedema J Vasc Surg Venous Lymphat
Disord. 2020 Sep; 8[5]:882—-892.€2. https://doi.org/10.1016/j.jvsv.2020.03.007 Epub 2020 May 13.
PMID: 32417145

Weiss M, Burgard C, Baumeister R, Strobl F, Rominger A, Bartenstein P et al. Magnetic resonance
imaging versus lymphoscintigraphy for the assessment of focal lymphatic transport disorders of the
lower limb: first experiences. Nuklearmedizin. 2014; 53:190-196. https://doi.org/10.3413/Nukmed-
0649-14-03 PMID: 24999013

Pons G, Clavero JA, Alomar X, Rodriguez-Bauza E, Tom LK, Masia J. Preoperative planning of lym-
phaticovenous anastomosis: The use of magnetic resonance lymphangiography as a complement to
indocyanine green lymphography. J Plast Reconstr Aesthet Surg. 2019; 72:884—891. https://doi.org/10.
1016/j.bjps.2019.02.024 PMID: 30944074

PLOS ONE | https://doi.org/10.1371/journal.pone.0253900  July 9, 2021 18/18


https://doi.org/10.1055/s-0035-1564608
https://doi.org/10.1055/s-0035-1564608
http://www.ncbi.nlm.nih.gov/pubmed/26422172
https://doi.org/10.1002/micr.30247
http://www.ncbi.nlm.nih.gov/pubmed/28952193
https://doi.org/10.3390/jcm9020306
http://www.ncbi.nlm.nih.gov/pubmed/31979042
https://doi.org/10.1089/lrb.2010.0005
http://www.ncbi.nlm.nih.gov/pubmed/20583875
https://doi.org/10.3389/fphys.2013.00215
http://www.ncbi.nlm.nih.gov/pubmed/23966950
https://doi.org/10.3413/Nukmed-0649-14-03
https://doi.org/10.3413/Nukmed-0649-14-03
http://www.ncbi.nlm.nih.gov/pubmed/24999013
https://doi.org/10.1016/j.jvsv.2020.03.007
http://www.ncbi.nlm.nih.gov/pubmed/32417145
https://doi.org/10.3413/Nukmed-0649-14-03
https://doi.org/10.3413/Nukmed-0649-14-03
http://www.ncbi.nlm.nih.gov/pubmed/24999013
https://doi.org/10.1016/j.bjps.2019.02.024
https://doi.org/10.1016/j.bjps.2019.02.024
http://www.ncbi.nlm.nih.gov/pubmed/30944074
https://doi.org/10.1371/journal.pone.0253900

