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Simple Summary: Diagnosis of lymphedema is not easy, because the pathology can also be confused
with other clinical manifestations (for example, edema due to venous insufficiency). To confirm the
diagnosis, lymphoscintigraphy is confirmed as the “gold standard” procedure for the diagnosis of
lymphedema, particularly in secondary type. The radiation dose level places it in the category of low
radiation risk for cancer.

Abstract: Secondary lymphedema is caused by damage to the lymphatic system, often following an
oncological tumor removal intervention, or even by an accident. The diagnosis of lymphedema is
not easy, because the disease can also be confused with other clinical manifestations (for example,
venous insufficiency edema), though an experienced Lymphologist is usually able to diagnose it with
good accuracy. To confirm the diagnosis, it is often necessary to resort to specialist imaging tests for
an anatomo-functional definition of the pathology. Among these, lymphoscintigraphy is confirmed
as the “gold standard” procedure for the diagnosis of lymphedema. Lymphoscintigraphy has been
included in the Italian Guidelines by the Ministry of Health.
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1. Introduction

Lymphedema is a common and chronic condition resulting from an impairment of
lymphatic drainage caused by congenital abnormalities, lymph injury or infection [1].
Chronic lymphedema is a progressive disease that significantly affects patients’ quality of
life [2,3].

As is known, secondary lymphedema is caused by damage to the lymphatic system,
often following an oncological tumor removal intervention, or even by an accident, which
has severed or damaged the lymphatic vessels and/or lymph nodes.

It is estimated that about 20% of women treated for breast cancer will develop upper
limb lymphedema. This percentage rises to 40% in cancer survivors after gynecological
cancers (cervix, uterus and ovaries) and prostate cancers, and to 67% in patients undergoing
inguinal lymph node removal, such as for the treatment of melanoma [4]. Lymphatic stasis
may not manifest immediately, but also not long after surgery.

Lymphedema can also be caused by scarring of the lymphatic vessels due to repeated
infections.

Even patients in a state of severe obesity can experience lymphedema, since excess fat,
when full-bodied and of high volume, ‘crushes’ the lymphatic vessels and obstructs them,
thus causing acquired lymphatic insufficiency [5].

We are well aware that lymphedema is essentially a hydraulic problem, caused by the
stasis of the lymph that is not properly drained [6].

From the semiotic point of view, in secondary lymphedema the skin is healthy but
appears swollen. Digital pressure does not leave a significant impression, as in the case
of edema due to venous insufficiency. The limbs may appear swollen and considerably
increased in size.
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2. Lymphoscintigraphy

The diagnosis of lymphedema is not easy, because the disease can also be confused
with other clinical manifestations (for example, venous insufficiency edema), but an experi-
enced Lymphologist is usually able to diagnose it with good accuracy.

However, to confirm the diagnosis, it is often necessary to resort to specialist imaging
tests for an anatomo-functional definition of the pathology.

Among these, lymphoscintigraphy, first introduced in 1953 by Sherman and Ter-
Pogossian [7], is confirmed as the “gold standard” procedure for the diagnosis of lym-
phedema. The main indication of lymphoscintigraphy is the early detection of the im-
pairment of the lymphatic system in patients with clinical suspicion of primary and sec-
ondary lymphedema [8]. It is demonstrated that in lymphoscintigraphy-confirmed lym-
phedema, only 17% had positive clinical signs, demonstrating the diagnostic precocity of
lymphoscintigraphy [9].

The lymphoscintigraphy procedure only requires a subcutaneous injection of a small
amount of radiotracer, and is quite simple and safe. Following subcutaneous administration,
the radiotracer is picked up by the lymphatic vessels and lymphatic images are acquired by
a gamma camera [10].

This test is not only able to refute or not the doctor’s diagnosis, but it can also visually
report the status of the lymphatic system thanks to a precise and function-based imaging
technique. By means of lymphoscintigraphy it is possible to see exactly the superficial
and deep lymphatic passages, to assess their draining efficiency and also to see the points
where the normal flow of the lymph is interrupted (Figure 1).
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Figure 1. Lymphoscintigraphy of the limbs: (A) at time of injection (B) after 20 min walk.

It is demonstrated that the vast majority of patients had deep lymphatic vessel ab-
normalities [11]; it also happens, as in the case of Figure 1, that the superficial lymphatic
outflow is slowed down and that with muscle activation due to walking, a good deep
outflow is activated up to the inguinal and lumboaortic lymph nodes.

In patients with post-traumatic lymphatic edema (57 cases) a reduced visualization of
the lymph nodes of the limb root was observed in 24.2% of cases, with the simultaneous
presence of “dermal back flow” corresponding to the affected anatomical area. In these
cases, the prognosis for complete recovery is less favorable [12].

Facial lymphoscintigraphic investigation after the injection of 99mTc-labeled colloids
at the forehead, between the eyebrows, seems to represent a simple and valuable way to
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assess facial lymphatic drainage and to establish the diagnosis of facial lymphedema [9].
SPECT/CT acquisition in patients with post-traumatic edema, but also in other cases, is
also useful to demonstrate deep lymphatic drainages not visible on planar imaging [13]
(Figure 2). SPECT/CT offers the possibility to check the distribution of lymphatic flow on
sagittal, coronal and transverse sections and to observe the functional data of lymphatic
outflow and lymph node distribution, comparing them to the anatomical CT images
acquired on the same sections. To conduct this, it is necessary to use hybrid equipment
capable of acquiring functional nuclear medicine images and anatomical CT at the same
time [14].
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In one study, it was found that total lymphatic obstruction was present in 56% of
unilateral gynecological cancer-related lymphedema and that the stages of lymphoscintig-
raphy were statistically correlated with episodes of cellulite, circumferential difference and
CT volume difference [15].

Lymphoscintigraphy is therefore an essential examination to establish the exact origin
of the lymphatic block; this can be useful (often, indispensable) to establish the right therapy
for the patient, and to agree together on a long-term maintenance path [16–18].

Some authors suggest that the deep circulation should also be studied with lym-
phoscintigraphy in patients with unilateral or bilateral lower limb lymphedema (LLE) (or
sensation of LLE) without morphological or functional signs of lymphatic insufficiency, but
whose history and clinical examination are indicative of the presence of lymphedema [19].

Lymphoscintigraphy has been shown to be an effective and objective method of evalu-
ating response to treatment, as regards microsurgical therapy [20], but also for lymphatic
drainage and physical therapies [21–23] in patients with secondary lymphedema.

Lymphoscintigraphy can also be used for predicting response to treatment before its
beginning [24].

Among patients who have undergone an aortocoronary bypass [25], the onset of
early or late but persistent lymphedema after partial saphenous phlebectomy appears
in a few cases, but is easily diagnosed with lymphoscintigraphy. In 71% of the cases in
which the surgery has not changed the normal lymphatic flow in the operated limb, it
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could still be possible to avoid iatrogenic lymphedema in predisposed subjects selected on
lymphoscintigraphy before surgery [12].

Sentinel lymph node biopsy, the procedure used to selectively remove lymph nodes
during surgery in cancer patients, such as breast cancer or some types of melanoma, can
greatly reduce the risk of developing lymphedema. The lymphoscintigraphy detection of
the sentinel lymph node is a further diagnostic/prognostic element that is added to the
indications of lymphoscintigraphy in secondary lymphedema [14,26,27] (Figure 3).
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Figure 3. Right Anterior Oblique 45◦ sentinel node lymphoscintigraphy.

Moreover, the radiation dose level places lymphoscintigraphy, even if in SPECT/CT
mode, in the category of low-risk radiation investigations for the occurrence of any malig-
nancy. One case of cancer is equivalent to 105 SPECT/CT lymphoscintigraphy procedures.
Furthermore, this dose is lower than in previously published studies, suggesting that
patients were well-protected during the entire procedure [28].

3. Conclusions

In favor of lymphoscintigraphy we can mention the simplicity of the procedure, and
the minimal invasiveness that makes it accessible even in pediatric age. In addition, its easy
repeatability is useful for monitoring lymphedematous pathology and the therapeutic path.

Negative factors consist of the non-presence in all health facilities of a nuclear medicine
service, but its execution on an outpatient basis allows the patient to go to the closest nu-
clear medicine center in the area. About the use of radioactive isotopes, the scientific
literature is comforting in this sense since, as mentioned above, the radiation dose level
places lymphoscintigraphy, even if in SPECT/CT mode, in the category of low-risk radia-
tion investigations.

Compared to MRI, lymphoscintigraphy offers more or less the same diagnostic poten-
tial. But however sophisticated the MRI technique can be made, it can never replace the
functional aspect shown by the nuclear medicine technique [29].

A further impetus to the development of nuclear medicine lies in the conception,
design and construction of ever more efficient hybrid machines and/or the design and
synthesis of new hybrid radiopharmaceuticals, in order to provide more information with
only one exam [30].

In conclusion, the possibility offered to nuclear medicine to be a primary protagonist
in the development of the diagnosis and therapy of complex pathologies, including a series
of rare diseases, must be considered [31]. In this field, lymphoscintigraphy proves to be a
useful, if not indispensable, diagnostic tool for the prevention of secondary lymphedema.

It is so useful that lymphoscintigraphy has been included in the Italian Guidelines by
the Ministry of Health [32]. These guidelines state that: “In view of an appropriate management
of patients with lymphedematous disease, the following aspects are fundamental: . . . Ability to
work directly or with connected centers all the diagnostic tests needed to define the clinical picture
(Lymphangioscintigraphy, high-resolution echography ultrasound, CT)”.
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