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ABSTRACT 

Primary lymphedema of the foot and toes 
could be sometimes misdiagnosed by lympho-
scintigraphy as a whole lower limb lymphatic 
insufficiency (LLLI). This is caused by using 
standard lymphoscintigraphic protocol based 
on one interstitial injection of radiotracer ap-
plied into the first interdigital space followed 
by image analysis of lower limb lymphatic ves-
sels and lymph nodes. Here, we show that a 
modification of the lymphoscintigraphic pro-
tocol and introduction of a second dose of 
radiotracer right above the inner ankle to the 
clinically healthy tissue can more accurately 
describe morphological abnormalities of the 
superficial lymphatic system at the lower limb 
and thereby refine the diagnosis of the LLLI. 

Fourteen patients with swelling of the 
foot and toes (16 lower limbs) were examined 
using standard lymphoscintigraphic protocol. 
Subsequently, modified lymphoscintigraphy 
was performed. While standard lymphoscin-
tigraphy showed severe lymphatic insufficiency 
of the superficial lymphatic system in all 14 
patients (in 16 lower limbs), including signifi-
cantly reduced number of inguinal nodes, 
modified lymphoscintigraphy revealed almost 
normal morphology of superficial lymphatic 
vessels in 11 patients (in 13 lower limbs) 
throughout the entire lower limb proximal to 
the application site. 

In conclusion, using the modified 

lymphoscintigraphy protocol in patients with 
foot and toes primary lymphedema can refine 
diagnosis and follow-up medical management. 

Keywords: lymphatic insufficiency, lymph-
edema, standard lymphoscintigraphy, 
modified lymphoscintigraphy, therapy 

The lymphatic system, which drains the 
interstitial space of virtually all tissues, has an 
irreplaceable function in terms of homeostasis 
of the body. The transport of the lymph con-
taining cellular and acellular components 
through the lymphatic vessels into the lymph 
nodes has key immune and metabolic roles (1). 

Lymphatic insufficiency, or impairment 
of the drainage function of the lymphatic sys-
tem, results in a variety of subsequent patho-
logical processes clinically evident especially 
in the subcutaneous tissue and in the skin. The 
most important clinical manifestations include 
lymphedema and recurrent soft tissue infec-
tions (2). If the appropriate therapy is not ini-
tiated in time, both of these pathologies cause 
remodeling of the extracellular space mainly 
in terms of fibrosis and/or lipohypertrophy (3). 

Nowadays, the most common causes of 
secondary (acquired) lymphatic insufficiency 
include lymphadenectomy, radiotherapy, 
trauma, complicated tissue healing with sub-
sequent development of extensive scarring, 
recurrent inflammatory diseases of the subcu-
taneous tissue and, in tropical regions, also 
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parasitic diseases (filariasis). Less common 
primary (congenital) lymphatic insufficiency 
is caused by aplasia or hypoplasia of the 
lymphatic vessels and/or lymph nodes (4,5). 

While the secondary lymphatic insuffi-
ciency of lower limb (including thigh, lower 
leg, foot, and toes regions) can be predicted 
with a high probability due to known medical 
history, the primary lymphatic insufficiency 
may manifest itself only by subjective health 
problems for many years or decades without 
any clinically evident signs. This can lead to 
significant underdiagnosis of the early stage of 
the primary lymphatic insufficiency (latent 
stage of lymphedema). Based on the severity 
of the congenital disorder, primary lymphatic 
insufficiency may manifest clinically at any 
time during life either by swelling in the foot 
and toes area (distal type) or in the thigh area 
(proximal type) (6). 

Although the protocol for lymphoscin-
tigraphy (radionuclide lymphography) can 
differ among diagnostic centers (choice of 
radiotracer, subcutaneous/intradermal appli-
cation, dose of radiopharmaceutical), lympho-
scintigraphy remains the gold standard in im-
aging the lymphatic system and in the diag-
nosis of its morphological and functional dis-
orders. Standard lymphoscintigraphy of the 
superficial lymphatic system of lower limbs is 
performed by applying radiotracer intrader-
mally or subcutaneously in the first web space 
of both feet. Standard lymphoscintigraphy of 
the deep lymphatic systems of the lower limbs 
is performed by applying radiotracer intra-
muscularly, for example, into the sole of both 
feet. Lymphoscintigraphy visualizes both the 
morphology of the lymphatic system (lym-
phatic vessels and nodes) and, to some extent, 
lymphatic drainage effectiveness (transport 
capacity) (7-10). 

In some cases of the lower limb lymphe-
dema (including thigh, lower leg, foot, and 
toes regions) the standard lymphoscintigraphy 
of superficial lymphatics does not show any 
lymphatic nodes in the groin area. However, 
Bourgeois and Leduc reported that in such 
cases one additional injection of the radio-
tracer at the root of the edematous limb (above 
thigh region) allows detection and visualiza-

tion of collateral lymphatic pathways and 
lymph nodes (11). 

In contrast, when lymphedema is limited 
only to the foot and toes without clinical signs 
of lymphatic insufficiency in the lower leg and 
thigh, standard lymphoscintigraphy usually 
describes not only absence of inguinal and 
pelvic lymph nodes but also a severe morpho-
logical disorder (hypoplasia/aplasia) of the 
lymphatic vessels of the entire lower limb. 

Importantly, the findings of the lympho-
scintigraphy, regardless of the absence of ede-
ma in the lower leg and thigh regions, often 
result in initiation of complex decongestive 
therapy (CDT) with emphasis on daily wear-
ing of compression stockings from the toes to 
the groin. In some cases, surgery may be con-
sidered (e.g., microsurgical procedures). The 
discrepancy between pathological findings in 
the standard lymphoscintigraphy of the lower 
limb on one hand but normal clinical findings 
in the lower leg and thigh on the other one is 
usually not taken into account at all. 

Given this discrepancy between the 
results of standard lymphoscintigraphy and 
clinical findings, we asked ourselves the 
following three questions: 1) Do results of the 
standard lymphoscintigraphy correlate with 
the clinical findings in patients who are affect-
ed by the distal type of the lower limb primary 
lymphedema? 2) What will be the result of 
lymphoscintigraphy if the radiotracer is inject-
ed into the clinically healthy tissue right above 
inner ankle? We have called this procedure as 
Modified lymphoscintigraphy. 3) Can we learn 
more about the morphology and function of 
the lymphatic system of the lower limb by 
using the Modified lymphoscintigraphy? 

The presented protocol of Modified lym-
phoscintigraphy is based on additional sub-
cutaneous application of radiotracer into the 
clinically healthy tissue above the inner ankle 
in cases of distal type of lymphedema which is 
limited only to the foot and toes. In contrast to 
standard lymphoscintigraphy, we show that in 
cases of distal type of lymphedema (limited to 
toes and foot region) the Modified lympho-
scintigraphy provides more accurate informa-
tion about lymphatic vessels morphology of 
the lower leg and thigh and detects the pres-
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ence of inguinal nodes. These more detailed 
information can have influence on decision 
about the follow-up treatment. 

MATERIALS AND METHODS 

Patients 

The clinical and lymphoscintigraphic 
examination of patients was performed in ac-
cordance with the ethical standards approved 
by the ethics committee of the University 
Hospital Motol, Prague. All patients signed 
informed consent providing them with all 
information related to the lymphoscin-
tigraphic method used prior to lymphoscin-
tigraphic examination. In case of children 
exami-nation, the informed consent was 
signed by a legal representative. 

Fourteen patients (M/F: 10/4, mean age 
30.6 years, range 3-60 years of age) were 
referred to the Unit of Lymphatic Surgery, 
Department of Surgery, 2nd Medical Faculty 
of Charles University and University Hospital 
Motol, Prague between January 2013 and 
December 2019 for performance of edema 
differential diagnosis of the foot and toes. 

Twelve patients had unilateral and two 

(siblings) had bilateral edema. Importantly, in 
all patients, only edema of the foot and toes 
was present. There was no clinical evidence of 
swelling or other signs of lymphatic insuffi-
ciency between groin and ankle. None of the 
patients had any clinical symptoms that would 
indicate any other type of primary lymphatic 
anomalies (12,13). None of the patients under-
went genetic testing. The mean duration of cli-
nical follow-up was 6 years (range 3-9 years). 

Protocol of Modified Lymphoscintigraphy 

All patients underwent standard lymph-
oscintigraphy of the superficial lymphatic 
system of both lower limbs according to previ-
ously published protocols (7,9). The Tech-
netium-99m-labeled nano-colloid radiotracer 
was injected subdermally in the first web 
space of both feet. 

In some patients, standard lymphoscin-
tigraphy of the deep lymphatic system of both 
lower limbs was performed by application of 
the radiotracer intramuscularly into the sole of 
both feet with a time gap. In children, the ap-
plied radiotracer dose was calculated accord-
ing to the recommendations of the European 
Association of Nuclear Medicine. 

Fig. 1. The schematics showing 
the difference in application of 
radiotracer between standard and 
Modified lymphoscintigraphy. 
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When the discrepancy between standard 
lymphoscintigraphy (severe lymphatic insuffi-
ciency) and clinical picture (no swelling of 
lower leg and thigh present) was found a sec-
ond (Modified) lymphoscintigraphy with ap-
plication of radiotracer right above the inner 
ankle into the clinically healthy tissue (Fig. 1) 
was performed after a time interval at least 48 
hours. In all cases, whole lower limbs and 
pelvis were imaged after 30 minutes of rest, 
after 30 minutes of walking and in some cases 
after 180 minutes. 

RESULTS 

Fourteen patients (16 lower limbs) were 
examined for suspected primary lymphatic 
insufficiency of the lower limbs with clinically 
evident edema only in the foot and toes. 
Twelve patients had clinical evidence of ede-
ma in only one lower limb and 2 patients (sib-
lings) in both limbs. Standard lymphoscin-
tigraphy of the superficial lymphatic system 
(and in some cases of the deep lymphatic sys-
tem) showed severe lymphatic insufficiency in 
all 14 patients (16 lower limbs), respectively 
(Figs. 2A,2B,3A,4A,4B,5A,5B). The radiotrac-
er became stagnant at the site of the applica-
tion. The superficial lymphatic vessels were 
either not visualized at all, or only very poorly, 
and only after exercise by walking (right 
panels in Figs. 2A,3A,4A,5A). The inguinal 
lymph nodes were not visualized at all or in 
very small amounts only after exercise by 
walking and with minimal radiotracer accu-
mulation. In some cases, lymphoscintigram of 
the superficial lymphatic system showed drain-
age by the deep lymphatic system (Fig. 4A). 
Dermal backflow was present in two patients. 
In one patient in the lower leg, in the other pa-
tient in both the lower legs and thighs (Fig. 6).  

In contrast to standard lymphoscintigra-
phy, Modified lymphoscintigraphy with radio- 
tracer applied into the clinically healthy tissue 
right above the inner ankle showed almost 
normal morphology of superficial lymphatic 
vessels throughout the lower leg and thigh in 
11 patients (13 lower limbs), respectively (Figs. 
2C,3B,4C,5C). The inguinal lymph nodes were 
imaged and, especially after exercise, showed 

normal or near-normal radiotracer accumula-
tion (right panels in Figs 2C,3B,4C,5C). No 
dermal backflow was present in the lower limb 
in any of these patients (Figs. 2A,2B,3A,4A, 
4B,5A,5B). 

In 3 patients, the result of modified lym-
phoscintigraphy was identical to standard 
lymphoscintigraphy – severe lymphatic insuf-
ficiency (data not shown). 

DISCUSSION 

Despite more than a century of research 
focused on the embryonic development of the 
lymphatic system, the debate is far from over. 
Moreover, anatomical description of the lym-
phatic system of the foot remains imprecise 
(14). The first description of embryonic devel-
opment of the lymphatic system was described 
by Sabin in 1909 (15) who suggested three dif-
ferent origins of lymphatics. Centrifugal (ve-
nous origin), in which lymphatic vessels are 
formed by budding of the endothelium of 
preexisting veins. Centripetal (non-venous ori-
gin), where lymphatic vessels arise by differen-
tiation from mesenchyme in situ. Dual, accord-
ing to which both previous theories are ap-
plied simultaneously depending on the local-
ization. Deep lymphatic vessels are formed by 
budding and superficial lymphatic vessels by 
differentiation from mesenchyme. 

Sabin's theory was later modified by 
other authors (16,17). Although the scientific 
knowledge of developmental anomalies of 
lymphatic vessels and nodes as a result of 
genetic mutations have advanced significantly 
(12,18), we did not find any explanation for 
the above-mentioned discrepancy between 
results of standard and Modified lymphoscin-
tigraphies. 

On the basis of the developmental theo-
ries, we speculate that the different results of 
standard and Modified lymphoscintigraphy of 
the distal form of lymphedema of the lower 
limb may be explained by a defect in the de-
velopment of the foot lymphatic capillaries 
including lymphatic network and their con-
nections with the lymphatic collectors above 
the ankle. However, up to date no evidence 
regarding genetic predispositions exists.  
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Fig. 2. Primary lymphatic insufficiency of both lower 
limbs according to the standard lymphoscintigraphy 
in a girl with edema clinically visible immediately 
after birth only in feet and toes. (A and B) Standard 
lower limbs lympho-scintigraphy with application of 
radiotracer for investigation of (A) superficial and (B) 
deep lymphatic systems in rest and after walking. (C) 
Modified lympho-scintigraphy with application of 
radiotracer subcuta-neously to clinically healthy tissue 
above the inner ankle of the lower limbs in rest and after 
exercise. (D-F) Clinical pictures of development of soft 
tissues condition (D) at birth in 2001, (E) at 13 years, and 
(F) 20 years of her age.
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Fig. 3. Primary lymphatic insufficiency of both lower limbs according to the standard lympho-scintigraphy 
in a boy with edema clinically visible immediately after birth only in feet and toes. (A) Standard lympho-
scintigraphy of the lower limbs with application of radiotracer for investigation of superficial lymphatic system in 
rest and after exercise. (B) Modified lymphoscintigraphy with application of radiotracer subcutaneously right above 
the inner ankle of the lower limbs into the clinically healthy tissue in rest and after walking. (C and D). Clinical 
pictures at (C) 2 years of age (2013), and (D) at 8 years of age (2019). 
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Fig. 4. Edema of the left foot and toes in male manifested for the first time at 32 years of age and diagnosed 
by standard lymphoscintigraphy as the lymphatic insufficiency of the entire lower limb including absence 
of inguinal nodes. (A and B) Standard lymphoscintigraphy of the lower limbs with application of radiotracer for 
investigation of (A) superficial, and (B) deep lymphatic system in rest and after walking. (C) Modified lympho-
scintigraphy with application of radiotracer subcutaneously right above the inner ankle of the lower limbs into the 
clinically healthy tissue in rest and after walking. (D) Clinical picture of patient (2016). 
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Fig. 5. Edema of the right foot and toes in male manifested for the first time at 37 years of his age and 
diagnosed by standard lymphoscintigraphy as the lymphatic insufficiency of the entire lower limb. (A and 
B) Standard lymphoscintigraphy of the lower limbs with application of radiotracer for investigation of (A) 
superficial, and (B) deep lymphatic system in rest and after walking. (C) Modified lymphoscintigraphy with 
application of radiotracer subcutaneously above the inner ankle of the lower limbs into the clinically healthy 
tissue in rest and after walking. (D) Clinical picture of patient at 40 years of age.
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Fig. 6. Dermal backflow in a patient with 
primary lymphatic insufficiency of the left lower 
limb. Dermal backflow is present in the lower leg 
and thigh of one of the patients, in whom both 
standard and Modified lymphoscintigraphy showed 
severe lymphatic insufficiency (dermal backflow 
highlighted by arrowheads). 

Dermal backflow indicates the presence 
of radiotracer in dermal lymphatics, and it 
indicates that lymph flows from collectors 
back to the dermis due to incompetence of 
valvules. It seems logical, that dermal back 
flow did not appear on standard lymphoscin-
tigrams in cases characterized by simulta-
neous presence of the following two condi-
tions: 1) there were no clinical signs of lym-
phedema in lower leg and thigh, and 2) Modi-
fied lymphoscintigraphy showed normal or 
near-normal morphology and function of the 
lymphatic system in lower leg and thigh as 
well as inguinal nodes. Altogether, the absence 
of dermal backflow during standard lympho-
scintigraphy of the superficial and deep lym-
phatic system, which suggests the absence or 
dysfunction of lymphatic collectors in the 

lower limb and inguinal lymph nodes, should 
be the reason for performing a modified 
lymphoscintigraphy. 

We are aware that this has not to be a 
rule, however, to clarify the extent of primary 
lymphatic insufficiency on the lower limb, the 
absence of dermal back flow in the above com-
bination of findings 1) and 2) may be a reason 
to further clarify the diagnosis, for example 
contrast MR or Near-infrared fluorescence 
lymphatic imaging (19). To choose an ade-
quate therapy a precise knowledge of the mor-
phology and function of the lymphatic system 
is essential. This is even more important in 
infants, toddlers and children, where the first-
choice treatment usually consists of CDT, and 
it should be started as soon as the diagnosis of 
lymphatic insufficiency as the cause of foot 
swelling is confirmed. In our experience, the 
earlier the treatment with application of 
compression to the area with clinical signs of 
lymphatic insufficiency starts the better is the 
treatment outcome and prognosis on the fu-
ture condition of soft tissues affected by lym-
phatic insufficiency (Figs. 7, 2D-F). In case of 
normal or nearly normal lymphoscintigram in 
modified lymphoscintigraphy it is possible to 
apply compression only to the affected part of 
the lower limb (toes, foot, and ankle area). 
This is even more important in infants and 
toddlers because the appropriate compression 
does not limit their normal physical develop-
ment and prevents sense of handicap in ado-
lescents (20). Importantly, appropriate com-
pression also results in higher compliance to 
wearing compression, and increased treatment 
effectiveness ultimately leading to better clini-
cal outcomes. However, clinical follow-up and 
repeated lymphoscintigraphy over the next 
few years are necessary, as we do not yet have 
enough information to decide whether there 
might occur a progressive deterioration of the 
function of both the lymphatic collectors in 
the proximal parts of the lower limb and the 
inguinal and pelvic lymph nodes over the 
course of life. 

In adults, a precise knowledge of the 
morphology and function of the lymphatic 
system is important for determining the extent 
of conservative therapy, and for surgical treat-
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Fig. 7. Early start of the treatment with application of compression to the area with clinical signs of edema 
can have a significant positive impact on the future condition of soft tissues affected by lymphatic 
insufficiency. Development of soft tissues condition in boy (A) at birth 2011, (B) at 3 years, and (C) at 10 years of 
age. (Pictures of the development of soft tissues condition of his sister see Figures 2D-F). 

ment if indicated. It is questionable whether it 
is appropriate to perform lympho-venous 
anastomosis in primary lymphatic insufficien-
cy based on standard lymphoscintigraphy 
only, if lymphedema is clinically visible only 
in foot and toes. The Modified lymphoscin-
tigraphy can show normal or nearly normal 
morphology of the superficial lymphatic ves-
sels of the lower leg and thigh, and sufficient 
number of inguinal and pelvic lymph nodes. 
For this reason, we always perform additional 
modified lymphoscintigraphy with subdermal 
application of radiotracer to clinically healthy 
tissue in the inner side of the lower limb right 
above the ankle before making the decision of 
applying lympho-venous anastomosis in pri-
mary lymphatic insufficiency. This approach 
has repeatedly proved to be successful for two 
reasons. If the modified lymphoscintigraphy 
demonstrated a functional superficial lym-
phatic system with a sufficient number of in-
guinal lymph nodes, we did not consider the 
indication for a lympho-venous anastomosis. 
If the Modified lymphoscintigraphy revealed a 
functional collector below the groin but did 
not show the presence of inguinal lymph 
nodes, lympho-venous anastomosis was 
indicated. 

CONCLUSION 

The use of Modified lymphoscintigraphy 

in the distal form of primary lymphedema of 
the lower limb reveals two important findings. 
First, if edema is present only in the foot and 
toes, it does not necessarily mean that the 
superficial lymphatic system of the proximal 
part of the lower limb is also affected by hypo-
plasia or aplasia of lymphatic vessels and/or 
lymph nodes. Second, if standard lymphoscin-
tigraphy demonstrates hypoplasia or aplasia 
of lymphatic vessels and/or lymph nodes of 
the lower limb without dermal backflow, this 
should be a reason to perform modified lym-
phoscintigraphy. 

Implementation of Modified lymphoscin-
tigraphy allowed us to focus the CDT on the 
affected area, with very good, and important-
ly, long-lasting improvement. Especially in 
young children with clinical signs of primary 
lymphedema of the distal type, the perfor-
mance of Modified lymphoscintigraphy may 
make long-term conservative complex treat-
ment more efficient. 
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