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ABSTRACT

The purpose of this methods paper is
to offer pediatricians and nuclear medicine
physicians a diagnostic protocol for performing
lymphoscintigraphy in newborns that may
be useful for enhancing diagnosis and
management of newborns with congenital
lymphatic abnormalities. Indications for
lymphoscintigraphy, choice of tracer, optimal
dose, routes of administration, methods of
data acquisition, timing, and interpretation
of results for newborns are presented and
discussed.

Lymphoscintigraphy is a minimally
invasive technique that provides valuable
morpho-functional information regarding
the lymphatic system. It highlights the accu-
mulation and transport of lymphatic fluid in
the interstitial tissue, disturbances in which
may cause swelling, most evident in the limbs
(1,2). Early and precise diagnosis of lymphe-
dema and other lymphatic disorders may
prevent a range of complications that may
lead eventually to extensive disability (3-5).
Furthermore, lymphatic pathology can be
specifically defined and distinguished from
non-lymphatic causes of edema and effusion.
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The introduction of new tracers,
instrumentation, and approaches to therapy
now allow Nuclear Medicine procedures to
provide more accurate and therapeutically
relevant information on superficial and deep
lymphatic vessels. Recently, lymphoscin-
tigraphy has been utilized in the evaluation
of lymphedema by functionally highlighting
the lymphatic outflow of any region of
interest, up to the tributary lymph nodes of
that region and beyond. Semi-quantitative
evaluations, although technically difficult,
can be important for recognizing early even
pre-clinical stages of the disorder (1,6,7).
Yet, the protocol for lymphoscintigraphy is
not standardized and differs among
diagnostic centers (6, and references therein,
8) with regard to choice of tracer, type and
site of injection, use of dynamic and static
acquisition, and the acquisition times
themselves.

No literature is currently available
regarding the standardization of lymphoscin-
tigraphy in the field of neonatology and
specifically in the special population of
newborn infants with peripheral lymphedema
and/or effusions. Thus, there is a need to
standardize the guidelines for lymphoscin-
tigraphy, especially with regards to tracer
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characteristics, injection sites, image
recording, and resulting drainage pattern
of radiotracer particles. The aim of this
paper is to define a protocol for the use of
lymphoscintigraphy in newborns, by
specifying choice of tracer, proper dose,
modalities of administration, methods of
data acquisition, both examination times and
calculations of transport time, and lastly to
indicate the main clinical disorders of the
newborn for which lymphoscintigraphy
would be applicable.

METHODS
Patients

The Neonatal Intensive Care Unit of the
University of Genoa, Gaslini Institute, with
the Nuclear Medicine Service of the San
Martino Hospital of Genoa, and with the
Section of Lymphatic Surgery and Micro-
surgery of the University of Genoa evaluated
newborns affected by primary lymphedema
of various etiologies, during the period from
January 1998 to December 2002. A total of
22 patients (age range 2-7 months) were seen,
and all patients underwent lymphoscinti-
graphy. These cases allowed us to establish a
protocol for lymphoscintigraphy in newborns
to evaluate both deep and superficial lympha-
tic circulation during the same session.

Patient Preparation

The parents or guardians are given
information about the procedure itself and
especially about the waiting time between
injection(s) and lymphoscintigraphy, as well
as the probable duration of the actual scan.
Informed consent is obtained. A special
explanation about the necessity of having a
calm patient is important. Sedation is usually
not required for a technically satisfactory
examination, but in some patients who
cannot or do not cooperate, mild sedation
may be necessary. The safest drug is intra-
nasal or per-rectal midazolam. Nevertheless,
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if sedation is used, it must follow local
hospital guidelines. When sedation is
employed, the newborn’s oral fluid intake is
limited so spontaneous micturition will not
occur. Under such circumstances, a bladder
catheter may be necessary. There are neither
contraindications nor specific precautions to
the imaging procedure, only to the sedation
procedures.

There is no general agreement regarding
stress lymphoscintigraphy. In adult examina-
tions, stress maneuvers include walking,
standing, limb massage, standardized
treadmill exercise, bicycle exercise, repetitive
squeezing of a rubber ball, and the use of a
hand-grip exercise device. Massage, exercise,
and standing, which enhance radiotracer
transport from the injection site, have also
been proposed. It is not possible to perform
such maneuvers when evaluating a newborn.
During several types of diagnostic procedures,
a newborn needs to be restrained to limit
spontaneous motor activity because
movements may complicate lymph transport
analysis and also interfere with obtaining
good quality images. We decided not to
perform a rigid bonding and rather, allowed
limited movements. Following injection into
the upper and lower extremities, a massage
is carried out, lukewarm packages are
positioned on the 4 inoculation sites, and the
newborn is allowed spontaneous motor
activity for 20 minutes. Finally, the newborn
is restrained to obtain images.

Methodology (Procedure), Radiotracers

A choice of Technetium-99m (99mTc)
tagged tracers at a dose of SMBq (0.135 mCi)
in 0.3 ml each, includes colloidal particles
with a diameter of 30-80 nm, particles of
colloidal sulfurs with a diameter of 30-50 nm
(Lymphoscint Solco®, Amersham Health), or
99mTc-microcolloidal sulfide (Lymphoscint,
Namocool®; Solco Basel Ltd., Basel,
Switzerland),with a particle diameter of less
than 50 nm. Lymphoscint Solco® has a
favorable particle size for scintigraphy, and
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the labeled preparation is isosmolar to inter-
stitial fluid, providing painless, subcutaneous
administration. The radiotracers require an
acid pH level for stability, which often causes
the patient to experience a very brief burning
sensation at the injection site.

Dose and Injection Site

To evaluate the superficial lymphatic
circulation, three aliquots of tracer (0.1 ml
each) are injected intradermally (epifascial)
by a 25 gauge insulin needle into skin soft
tissue above the second, third, and fourth
metacarpal- and metatarsal-phalangeal joints
of the hands and feet with 2 additional deep
injections (subfascial) into each hand/foot.
All injections are performed at the same time.
The manufacturer’s recommendations for the
adult dose by single or multiple subcutaneous
(interstitial) injection in current clinical
practice range from 18.5-185 MBq (0.5-5 mCi)
per injection site. Recommended volume per
injection is 0.2-0.3 ml; a maximum volume
of 0.5 ml per injection site should not be
exceeded. Pediatric doses have not yet been
definitively established. We followed the
European Association of Nuclear Medicine
recommendations to calculate the admini-
stered activity for the body weight, according
to the following ratio (fraction of adult dose):
3 kg = 0.10; 4Kg = 0.14; 6 Kg = 0.19.

There are no specific recommendations for
the neonatal age. Subfascial injection of
radiotracers is used to investigate the deep
lymphatic system of the extremities, and
combination with epifascial and subfascial
route of administration produces a better
differentiation of the various lymphatic
features underlying extremity edema.

We avoid local anesthetic agents (such as
lidocaine) as they may alter local lymph
dynamics. In our experience, however, the
use of a superficial anesthetic cream has not
produced any disturbance in lymph flow
and can improve patient comfort. An iodine
solution or alcohol swab is used to clean

the injection site.
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Parameters for Dynamic Acquisition
(Imaging)

Images are recorded using high-
resolution parallel-hole collimators with
whole-body scanning mode, 10% window
centered on the 140-KeV photopeak of
99mTc, a scan of 10 cm/min, and a dedicated
computer. Data are displayed with the upper
level set to show the small fraction of tracer
that emigrates from the injection site to the
nodes. The images are acquired with a
gamma-camera to great field (Elscint APEX
SP-6HR) with a collimator for low energies
and high resolution (APC-45HR) (matrix 128
x 128; zoom 1; duration of each frame is 20
sec; duration of the acquisition is 10-15 min).

The gamma-camera is positioned as close
as possible and anteriorly to the patient, who
is in a supine position. The dynamic acquisi-
tion allows the visualization of the principal
lymphatic channels and the first draining
lymph nodes, which are the quantitative
parameters in the transport index (TI). At
the end of the dynamic acquisition, the study
continues with the static images and uses the
following parameters: matrix 256 x 256;
zoom 1; duration of the acquisition 300 sec.
Due to the small body dimension of neonates,
it is possible to record data from all four
injection sites at the same time. This allows
reduction in exam time and the use of one
side as control for patients with unilateral
lymphedema.

Both the semi-quantitative and qualitative
approaches to newborn lymphoscintigraphy
have been taken into consideration. Semi-
quantitative lymphoscintigraphy is considered
by some a better technique than qualitative,
in particular for detecting mild grades of
lymphedema. Clearance rate and regional
lymph node measurement are usually
performed. Semi-quantitative evaluation of
lymphatic drainage is established by a
numeric index (transport index: TT) (9)
calculated by the formula TI=K + D +
0.04T + N + V, where K is lymphatic
transport Kinetics (no delay, low grade delay,
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Fig. 1. Lymphoscintigraphy in newborns: Images and Transport Index (T.L.). Panel A: Dermal back flow (DBF) at
the left lower limb and right delayed tracer drainage (arrows) in newborn affected by congenital leg lymphedema
and chylothorax (T.I. 18). Panel B: Newborn with left leg lymphedema and a moderate quantity of chylous ascites.
DBEF at the left lower limb (arrow) (T.1. 18). Panel C: Absent visualization of left inguinal nodes in newborn (arrow)
with peripheral left leg lymphedema, chylothorax and chyloperitoneum (T.1. 27). Panel D: Normal peripheral
Iymphoscintigraphic pattern in newborn with chylous ascites (T.1. <10). Panel E: Peripheral left leg and right arm
congenital lymphedema. Absent visualization of right axillary (single arrow) and left inguinal nodes (double arrow)
(T.1. 36) Panel F: DBF at the left thigh and absent visualization of right inguinal lymph nodes in newborn with
peripheral leg lymphedema and chylous ascites (T.1. 27). A slight diffusion of the tracer is evident at the site of
chylothorax and chyloperitoneum in all lymphoscintigraphic patterns.

extreme delay, lack of transport are 0, 3, 5,
and 9, respectively), D is the distribution
pattern of the tracer (normal, partial diffuse,
diffuse, transport stop are 0, 3, 5, and 9,
respectively), T is the time in minutes of
tracer appearance in the lymph nodes (time
in minutes to appear, no appearance is 9),

V is the ratio between the visualization of
lymph vessels and graft (nodes and vessels,
respectively, clearly demonstrated, faint
visualization, hardly recognizable, no
visualization are 0, 3, 5, and 9, respectively).
Each parameter ranges from 0 to 9, so total
evaluation ranges from 0 (normal) to 45
(pathological). Transport index in healthy
extremities has been found to be less than 10
(9-11).
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Information about Previous Examinations
Relevant to this Procedure

Previous lymphoscintigraphy scans
should be available for review and to ensure
that sufficient time has elapsed since the
previous study (depending on the patient’s
chart and presentation). The most recent
relevant radiographs and CT or MRI scans
should also be available for comparison.

RESULTS

On the basis of the experience acquired
through the collaboration of Neonatal
Intensive Care Unit of the University of
Genoa, Gaslini Institute, with the Nuclear
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Medicine Service of the San Martino Hospital
of Genoa, and with the Section of Lymphatic
Surgery and Microsurgery of the University
of Genoa in the evaluation of newborns
affected by primary lymphedema of various
etiologies, we have established a protocol that
allows us to evaluate both deep and super-
ficial lymphatic circulation during the same
imaging session. Clinical examples of
lymphoscintigraphy in newborns have been
provided here and can be found also in an
earlier article (Fig. 1) (12). The procedure
was successful in obtaining high quality
scintigraphic images of newborns. The images
identified delayed tracer transport, dermal
diffusion, and absence of lymph nodes on
whole body images (Fig. 1). Additionally,
transport index values were calculated for

all images (legend Fig. I).

DISCUSSION

Diagnosis and management of a newborn
affected by primary lymphedema is a
challenge (13-17,19) and currently relies on
history and physical exam. A newborn
presenting with lower extremity edema and
a family history of lymphedema is easier to
diagnose than one with no family history.
Initially, the edema is soft and pitting, but
over the course of months and years, the
swelling becomes hard and “non-pitting,”
and the skin thickens from the overgrowth of
connective and adipose tissue accompanying
lymphostasis. Since the cutaneous lymphatics
are not functioning adequately, the local
immune response is impaired, and recurrent
skin infections may occur, leading to further
damage to the lymphatics and worsening of
lymphedema. Early diagnosis during the
neonatal age is important to prevent the
rapid evolution of lymphedema. Lymphoscin-
tigraphy offers objective evidence to
distinguish lymphatic pathology from non-
lymphatic causes of extremity edema (7,8,16).
Delay, asymmetric or absent visualization of
regional lymph nodes, dermal “backflow,”
asymmetric visualization of lymphatic
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channels, collateral lymphatic channels,
interrupted lymphatic structures, and
abnormal lymph nodes in the deep lymphatic
system are the main criteria used to define
lymphatic dysfunction. Borderline cases may
occur in the newborn. In these cases, quanti-
tative analysis may increase the sensitivity
and specificity of lymphoscintigraphy in the
early diagnosis of lymphatic disorders of the
newborn (18,19).

The characteristics of the ideal tracer
for lymphoscintigraphy are highly dependent
on colloid particle size and stability (19,20).
There has to be homogeneous dispersion of
small particles (diameter <100 nm) for the
colloid to migrate from the injection site to
the lymphatic channels and lymph nodes.
Larger particles (500-2,000 nm) remain
trapped at the injection site, while smaller
particles (approximately 5 nm) penetrate
through the blood capillary barrier, and lead
to possible misinterpretation of the scinti-
graphic pattern. Due to the reduced size of
newborn lymphatic vessels as compared to
adult vessels, the choice of particle size is
extremely important. Newborns may present
with congenital lymphedema. In these cases,
emphasis should be placed on rapid
visualization of the lymphatic vessels rather
than the lymph nodes. In this view, the
optimal range of particle size is generally
skewed toward the lower end of the useful
range for colloids. On the basis of our
experience, we found that the optimal size is
below 30-50 nm, in order to ensure rapid
lymphatic drainage. This dimension allows
good transport and minimizes significant
entrapment at the injection site.

Lymphoscintigraphy of the extremities is
generally performed by injecting the tracer in
the interdigital space of the hands and feet
(6,21,22). Intradermal or subdermal-
subcutaneous injections are often defined as
synonymous. However, these terms are not
totally interchangeable from the standpoint
of lymphatic drainage. The very limited
tissue space of the hands and feet in the
newborn may generate further confusion
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between intradermal and subdermal injection.
The epifascial lymphatic circulation
constitutes the superficial lymphatic system,
whereas the subfascial circulation is the
deeper system. Therefore, on the basis of the
present protocol, full evaluation of lymphatic
circulation, which is especially useful in the
congenital form of lymphedema, requires
both epifascial and subfascial tracer injections
to be performed. In our experience with
congenital lymphedema of the newborn, we
have found that, although tracer drainage is
faster through the superficial system than the
deep one, performing the visualization of the
deep system first is preferable. The pattern
of deep lymphatic circulation is predictable
since the subfascial lymphatics are repre-
sented by relatively few, large vessels that
follow the general path of the major blood
vessels in the extremities. On the other hand,
the pattern of the superficial lymphatic
circulation is more variable and is usually
represented by more abundant lymphatic
vessels. When lymph flow and pressure are
within physiologic limits, the superficial and
deep lymphatic systems are quite indepen-
dent, usually with very little or no exchange
of lymph between them in either direction.

If significant lymph stasis occurs, the deep
lymphatic system may shunt towards the
superficial lymphatic vessels. This important
diagnostic clue could easily be missed when
there is persistent visualization of the
superficial lymphatic system by prior
injection of radiocolloid.

Although several methods have been
reported for the semi-quantitative assessment
of lymphoscintigraphic patterns, a descrip-
tion of the findings is usually sufficient for
the general interpretation of lymphoscinti-
graphic patterns. The combined evaluation
of the epifascial and subfascial lymphatic
system allows the detection of abnormal
communication between the two systems, i.e.,
such as altered lymph flow patterns (6,21-23).

In conclusion, lymphoscintigraphy is very
useful in evaluating primary lymphedema of
the newborn and related lymphatic disorders,
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both to obtain an etiologic diagnosis and
also for important physiologic and anatomic
information for treatment including
preoperative planning. The procedure is
relatively easy to perform, safe, reliable,
minimally invasive, and only slightly
discomforting for the patient compared to
conventional contrast lymphangiography,
which is difficult to perform and may be
potentially dangerous. Indications for this
diagnostic tool encompass all types of
primary lymphedema and lymphangio-
dysplasias such as peripheral lymphedema,
congenital chylothorax, chylous pericardial
effusion, and chylous ascites, as well as the
lymphangiectasias (intestinal, pulmonary,
or affecting other organs), either alone or
in combination. The presence of these
conditions “in utero” or of non-immune
hydrops fetalis are further indications to
perform lymphoscintigraphy as soon after
birth as possible.

REFERENCES

1. Ikomi, F, GK Hanna, GW Schmid-Schonbein:
Mechanism of colloidal particle uptake into
the lymphatic system: Basic study with
percutaneous lymphography. Radiology 196
(1995), 107-113.

2. Witte, C, G McNeill, M Witte: Whole-body
lymphangioscintigraphy: Making the invisible
easily visible. In: Progress in Lymphology XI1I.
Elsevier Science Publishers BV (1989), 123.

3. Harwood, CA, PS Mortimer: Causes and
clinical manifestations of lymphatic failure.
Clin. Dermatol. 13 (1995), 459-471.

4. Olszewski, WL: Recurrent bacterial
dermatolymphangioadenitis (DLA) is
responsible for progression of lymphoedema.
Lymphology 29 (suppl) (1996), 331.

5. Pissas, A: Prevention of secondary
lymphedema. Proceeding of the International
Congress of Phlebology, Corfii, Greece (1996),
113.

6. Szuba, A, WS Shin, HW Strauss, et al:

The third circulation: Radionuclide
lymphoscintigraphy in the evaluation of
lymphedema. J. Nucl. Med. 44 (2003), 43-57.

7. Pecking, AP, FJ Gougeon-Bertrand, JL
Floiras, et al: Lymphoscintigraphy: Overview
of its use in the lymphatic system.
Lymphology 31 (suppl) (1998), 343-346.

Reproduction not permitted without permission of Journal LYMPHOLOGY .



15

10.

11.

12.

13.

14.

15.

16.

17.

Pecking, AP, RV Cluzan: Assessment of
Iymphatic function: 15 years experience using
radionuclide methods. Lymphology 27 (suppl)
(1994), 345-348.

Kleinhans, E, RGH Baumeister, D Hahn,

et al: Evaluation of transport kinetics in
lymphoscintigraphy: Follow-up study in
patients with transplanted lymphatic vessels.
Eur. J. Nuc. Med. 10 (1985), 349-352.

Weiss, M, RGH Baumeister, KH Tatsch:
Lymphoscintigraphy and semiquantitative
evaluation of lymph drainage for long term
follow-up in patients with autogenous lymph
vessel transplantation. Eur. J. Lymphology 21
(1997), 34-36.

Bellini, C, C Arioni, M Mazzella, et al:
Lymphoscintigraphic evaluation of congenital

lymphedema of the newborn. Clin. Nucl. Med.

27 (2002), 383-384.

Bellini, C, M Mazzella, C Campisi, et al:
Multimodal imaging in the congenital
pulmonary lymphangiectasia-congenital
chylothorax-hydrops fetalis continuum.
Lymphology 37 (2004), 22-30.

Szuba, A, SG Rockson: Lymphedema:
Classification, diagnosis and therapy. Vasc.
Med. 3 (1998), 145-156.

Foldi, M: The therapy of lymphedema.
EJLRP 14 (1993-1994), 43-49.

Biassoni, P, C Campisi, G Villa, et al: Isotopic
lymphography in the diagnosis and follow-up
of lymphedemas treated by microsurgery.
Lymphology 29 (suppl) (1996), 101-105.
Papendieck, CM: Temas De Angiologia
Pediatrica. Editorial Medica Panamericana,
Buenos Aires, 1992.

Leduc, A: Le drainage lymphatique. Théorie
et pratique. Masson, 1980.

Permission granted for single print for individual use.

18.

19.

20.

21.

22.

23.

Mariani, G, C Campisi, G Taddei, et al:
The current role of lymphoscintigraphy in
the diagnostic evaluation of patients with
periferal lymphedema. Lymphology 31
(suppl) (1998), 316-319.

Rockson, SG: Lymphedema. Am. J. Med. 110
(2001), 288-294.

Eshima, D, T Fauconnier, L. Eshima, et al:
Radiopharmaceuticals for lymphoscinti-
graphy including dosimetry and radiation
considerations. Sem. Nucl. Med. 30 (2000),
25-32.

Brautigam, P, E Foldi, I Schaiper, et al:
Analysis of lymphatic drainage in various
forms of leg edema using two compartment
lymphoscintigraphy. Lymphology 31 (1998),
43-55.

Bourgeois, P, O Leduc, A Leduc: Imaging
techniques in the management and prevention
of post-therapeutic upper limb edemas.
Cancer 83 (12 Suppl American) (1998),
2805-2813.

Williams, W, M Bernas, G McNeill, et al:
Lymphatic transport index in peripheral
lymphedema syndromes. Lymphology 29
(Suppl.) (1996), 134-136.

Carlo Bellini, MD, PhD

Dipartimento di Pediatria

Universita di Genova

Istituto G. Gaslini,

Largo G. Gaslini, 5

16147 Genova, Italy

Tel: +39 10 5636605

Fax: +39 103770675

Email: carlobellini@ospedale-gaslini.ge.it

Reproduction not permitted without permission of Journal LYMPHOLOGY .





