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ABSTRACT

The number of patients surviving repair of 
complex congenital heart disease (CCHD) has 
increased due to improved surgical techniques, 
post operative management and outpatient 
care. Likewise, this growing patient population 
has demonstrated an increasing number and 
complexity of complications involving the lym‑
phatic system. To evaluate the peripheral and 
central lymphatic system, whole‑body lymph‑
angioscintigraphy (LAS) is considered as the 
initial imaging evaluation of choice. To date, 
very few publications exist on the value of lym‑
phatic imaging techniques in infants and small 
children with lymphatic complications follow‑
ing surgery for congenital heart disease. A ret‑
rospective review of medical records from 2008 
to 2018 was performed for pediatric patients 
referred for lymphatic complications after 
CCHD surgery at an academic medical center. 
LAS and SPECT/CT was performed using in‑
tradermal bipedal injections of Tc 99m labeled 
filtered sulfur colloid, and in some patients also 
bilateral hand injections, followed by dynamic 
imaging and whole‑ body planar imaging typi‑
cally up to 180 minutes post injection. Clinical 
decision making and outcomes were recorded. 
LAS and SPECT/CT were performed without 

complication in pediatric patients with prior 
surgery for CCHD. LAS successfully local‑
ized various lymphatic abnormalities such as 
lymphatic obstruction, reflux, and leaks, which 
were further delineated by SPECT/CT. LAS 
findings directed further evaluation with more 
definitive studies, management and prognosis. 
Five of the ten patients had follow up outcome 
data – 2 years and up to 10 years. LAS and 
SPECT/CT are safe and effective techniques 
for the initial evaluation of lymphatic abnor‑
malities in pediatric patients with CCHD. 
LAS, particularly with further 3D localization 
by SPECT/CT, provides functional imaging 
of peripheral and central lymphatic flow and 
thus provides guidance for medical therapy, 
non operative interventional management, and 
surgical therapy for these diverse, debilitating, 
and often life threatening disorders.

Keywords: whole-body lymphangioscintigra-
phy, single photon emission computed tomog-
raphy SPECT/CT, congenital heart disease, 
Fontan repair, lymphatic complications, 
chylothorax, plastic bronchitis, protein losing 
enteropathy

Significant reductions have been achieved 
in the morbidity and mortality of patients 
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undergoing cardiac surgery for complex 
congenital heart disease (CCHD) (1,2). Al-
though these patients are now surviving well 
into adulthood, they require close monitor-
ing and ongoing care for complications that 
often require further interventions (3). This is 
exemplified in lymphatic complications seen 
in patients with single ventricle physiology 
after Fontan surgery which increases central 
venous pressure with passive systemic venous 
blood flow to the pulmonary arteries and a 
functional single ventricular chamber pump-
ing blood to the systemic circulation (4,5). 
These patients are at risk for multiple com-
plications including increased pressure in the 
Fontan circuit, collateral vessel formation, and 
ventricular dysfunction. This unique hemo-
dynamics can lead to decompensation which 
may produce lymphatic circulatory failure and 
is one of the reasons for the "failing Fontan" 
circulation after surgery. Increased lymphatic 
overload and congestion may lead to ascites, 
pleural effusion, protein losing enteropathy 
(PLE), plastic bronchitis (5 9), and other sites 
of chylous reflux. The Fontan circulation 
patients have an elevated central venous pres-
sure, impaired lymphatic pumping capacity, 
and a morphologically altered thoracic duct, 
each of which may play a role in the pathogen-
esis of the lymphatic circulation complications 
such as protein losing enteropathy, plastic 
bronchitis, serous effusions, and peripheral 
edema (10). 

Imaging of peripheral and central lym-
phatic abnormalities is critical for diagnosis, 
monitoring, and development of a therapeutic 
plan for CCHD patients. Although symptoms 
may localize to a specific organ, lymphatic 
leaks can occur anywhere and thus a whole 
body approach should be undertaken. One 
well studied imaging modality for whole-body 
examination of lymphatic disorders is lymph-
angioscintigraphy (LAS), which has been rec-
ommended as the initial procedure of choice 
(11-13). LAS is minimally invasive, safe, and 
technically simple to perform (12). As an 
imaging modality of whole-body lymphatic 
architecture, LAS has replaced direct lym-

phography, which is more invasive, technically 
difficult, and carries risks such as oil injury 
lymphangiopathy and pulmonary oil embo-
lism. LAS provides imaging of the lymphatics 
over multiple time points as the radiolabeled 
colloidal tracer migrates through the lymphat-
ic network. Thus, dynamic and static whole-
body images and qualitative and quantitative 
studies can be obtained. Importantly, quan-
titative LAS analysis permits detection of 
small changes in lymphatic function over time 
allowing for comparison or evolution of the 
disease process or effects of treatment.

Single photon emission computed to-
mography (SPECT) when combined with 
computed tomography (CT) to produce hybrid 
SPECT/CT imaging has the advantage of 
increased detection and more precise 3D 
localization of radiotracer thereby improving 
diagnostic accuracy along with the potential to 
provide molecular and metabolic information 
(14,15).

To date, there is a paucity of data on the 
utility of LAS with or without SPECT/CT 
in pediatric patients with congenital heart 
disease. It has been suggested in the literature 
that the prevalence of lymphatic obstruction 
and overload is high following single ventricle 
palliation surgery (5 7). Herein, we examine 
cases of strongly suspected lymphatic dysfunc-
tion and show the utility of LAS and SPECT/
CT for screening and localizing and monitor-
ing lymphatic abnormalities in patients follow-
ing surgery for CCHD. The aim of our study is 
to demonstrate the effectiveness of minimally 
invasive LAS and SPECT/CT in the evalu-
ation of patients following single ventricle 
palliation for congenital heart disease and in 
guiding management.

METHODS

A retrospective review of medical charts 
was performed for cases of suspected lymphat-
ic disorders in neonates and young children 
who had surgery for CCHD and underwent 
LAS studies from 2008 to 2018. CCHD en-
compasses a variety of anomalies and includes 
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any complex anatomical or physiological le-
sion as defined by the Bethesda conference (7). 
Demographic, clinical and outcome data from 
all CCHD patients, including follow up after 
LAS study, were retrieved and tabulated. Any 
complications from LAS or SPECT/CT were 
also recorded. This study was approved by the 
Institutional Review Board of the University 
of Arizona.

LAS was performed following intradermal 
injection of approximately 500 µCi (18.5 MBq) 
Tc 99m labeled filtered sulfur colloid in 0.05 
ml in the second web space of the feet and/or 
hands, as needed for lower and upper extrem-
ity imaging, respectively. Immediately follow-
ing injection, dynamic imaging of the lower 
legs was performed for a period of 15 minutes. 
Whole-body planar imaging was then typically 
obtained at 30, 60, 120, and 180 minutes post 
injection. SPECT/CT images were obtained 
using the General Electric SPECT/CT Dis-
covery 640 equipment usually at 120 minutes 
following tracer injection but timing varied 
based upon the timing of optimal LAS images. 
All images were analyzed by a board certified 
nuclear medicine physician with knowledge of 
the clinical history and jointly read with the 
referring clinician. 

RESULTS

Normal LAS imaging shows prompt, sym-
metric and uniform migration of the tracer 
displaying discrete lymphatic channels with 
visualization of regional lymph nodes 15-20 
min post injection, followed later by visualiza-
tion of liver uptake. Abnormal LAS imag-
ing suggesting lymphatic system pathology 
includes: increased, decreased or asymmetric 
number of deep lymphatic vessels; retrograde 
flow reflecting reflux into superficial valveless 
lymphatic vessels in the skin or into the intes-
tines, lung or other organs; lymph leak into 
serous cavities; interrupted, dilated or collater-
al lymph channels; and decreased number, and 
asymmetric, or poor visualization of regional 
nodes (11).

Our retrospective chart review found ten 

CCHD patients (ages 3 months to 11 years) 
who underwent whole-body LAS with clinical 
follow up. Five of these patients also under-
went SPECT/CT examination with 4 concur-
rently, one at a later time, and one concurrent-
ly before and also after lymphatic intervention 
for PLE by M Itkin and Y Dori at Children's 
Hospital of Pennsylvania. The specifics of the 
congenital heart disease and treatment varied 
(see Table); however, all patients presented 
with clinical symptoms consistent with various 
types of lymphatic pathology. Of the ten pa-
tients, seven presented with chylothorax, four 
with plastic bronchitis and four patients had 
concomitant PLE as detailed in Table.

In all cases, LAS and SPECT/CT were 
performed without complication and dis-
played a suspicious site of radiotracer block, 
spread and/or leakage. In addition, the LAS 
results correlated with the clinical picture in 
all ten cases. Importantly, the LAS results, 
particularly with added SPECT/CT images 
offering higher spatial resolution and more 
precise pinpointing of lymphatic leaks, further 
localized the site and extent of lymphatic 
disease in all the cases (Table and Figs. 1,2). 
Accordingly, WBLAS with or without concom-
itant SPECT/CT provided important guidance 
for adjusting prognostication and manage-
ment. All cases were followed up and five of 
the ten children had long-term follow up.

DISCUSSION

This retrospective study demonstrates 
that LAS successfully elucidated the nature 
and site of lymphatic leak or other abnor-
mality and was consistent with the clinical 
presentation in all ten CCHD patients that 
underwent LAS from 2008 to 2018. The proce-
dure was safe and well tolerated. Furthermore, 
the use of LAS provided important dynamic 
information as tracer leakage could be seen 
early in more proximal lymphatic trunks and 
then later spread more distally. For example, 
in case 2 (bilateral chylothorax), tracer activity 
was seen initially leaking in the mediastinum 
and then subsequently lateralized to the side 
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of the chylothorax. In case 6, 3-D SPECT/
CT imaging in follow up to the 2-D LAS was 
able to precisely localize tracer leakage to the 
duodenal loop, which explained the protein 
losing enteropathy, depicting the protein rich 
lymph fluid leaking directly into the duode-
num (image not shown). 

The potential benefit of LAS for direct-
ing patient management has increased with 
improvement in surgical management, post 
operative medical management, interventional 
MR guided therapy, and other treatments. 
Lymphatic abnormalities seen in the Fon-
tan circulation result from increased lymph 
production, central lymph obstruction from 
elevated central venous pressure, surgical 
trauma, new lymphatic vessel formation, and 
associated developmental defects and genet-
ic abnormalities. The lymphatic system has 
been implicated as a crucial component of 
the pathophysiology in plastic bronchitis and 
protein (lymph) losing enteropathy (16-19). 
Lymphatic embolization procedures are being 
performed at several academic centers for 

patients with plastic bronchitis and with PLE 
with reduction in morbidity and symptoms for 
affected patients (5,8,9). The use of LAS and 
SPECT/CT has been helpful as reported in 
individual case studies in localizing lymphatic 
pathology and guiding early decision making 
regarding further imaging, minimally invasive 
interventions, and/or surgery including inter-
ventional and surgical procedures directed at 
interval thoracic duct decompression without 
obliteration (19).

By combining the physiologic information 
from SPECT with the anatomic detail from 
CT, SPECT/CT images more clearly delineate 
localization of leaks. WB planar LAS and 
SPECT/CT provide functional imaging of pe-
ripheral and central lymphatic flow and thus 
offer guidance for medical therapy, non opera-
tive interventional management, and surgical 
therapy for these diverse, debilitating, and 
often life threatening disorders. SPECT/CT in 
conjunction with the small dose of radiophar-
maceutical for the LAS and the low dose CT 
portion utilizes a lower dose of radiation than 

Fig. 1. All patients were injected with tracer in both feet. Patients 1, 2, 4, and 9 also received injections of tracer 
in their hands to visualize the upper limb lymphatic system. Dense uptake of tracer in the right upper quadrant 
represents entry of tracer into the liver‑blood pool. Arrows point to key areas of abnormal tracer diffusion/reflux. 
Central round markers identify the knee, pubis, xiphoid, and sternal notch levels in some patients (2, 4‑9). Panel 
numbers correspond to patient numbers in Table (see text for further details).
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a diagnostic CT. Thus, although combining 
the two imaging technologies results in addi-
tional radiation exposure, the total radiation 
dose is less than that of a diagnostic CT and 
the benefit from such an improved study 
generally would outweigh the small additional 
risk from the radiation. 

The drawbacks of LAS are few as it 
requires only an initial intradermal injection 

in the foot or hand. However, in small chil-
dren there is risk from sedation, if required, to 
reduce anxiety and motion artifact. Perhaps 
the greatest deterrent of the procedure is lack 
of physician awareness about LAS, since only 
a small percentage of physicians are aware 
of the effectiveness and optimal protocols 
and potential of LAS as the initial study to 
guide further management. In the ten CCHD 

Fig. 2. SPECT/CT images in select children from Fig. 1 (image numbers correspond to patients in Table and Fig. 1). 
SPECT/CT images show advantageous 3D localization compared to 2D planar WBLAS and also co‑registration of 
SPECT and CT for anatomic correlation. Low radioactivity appears as blue and highest radioactivity as orange with 
intermediate in yellow. Patient 6 with severe PLE is shown after thoracic duct ligation but before (a) (corresponding 
to Fig. 1) and also after (b) successful MR lymphangiographic‑guided sclerosis of leaking gastroduodenal and hepatic 
lymphatics performed by M Itkin and Y Dori at Children's Hospital of Pennsylvania with prompt remission of PLE. 
Note that radiotracer highlighting the duodenal loop in a) is reduced in b) and administered particulate emboli are 
visualized. Patient 7, who presented with plastic bronchitis (Fig. 1), is shown in the SPECT/CT after thoracic duct 
ligation to have reduced right tracheobronchial lymphatic leakage but persistent tracer holdup in the right neck and 
axilla. Patients 7, 8, and 9 show prominent tracer holdup in the right neck and axilla whereas Patient 4 with situs 
inversus shows tracer holdup in left neck and axilla. Note that mediastinal tracer uptake is more clearly seen than 
in the corresponding WBLAS in Patients 4, 8, and 9. Prominent tracer uptake in the right upper quadrant (left in 
patient 4) represents hepatic uptake of sulfur colloid after entry into the venous system.
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patients presented here, whole-body LAS 
abnormalities were noted that were clearly 
distinct from normal studies. Whether well 
compensated CCHD patients with few symp-
toms and complications would show LAS 
abnormalities following corrective surgery is 
not known. LAS is more cost effective and 
lacks the multiple potential contraindications 
associated with magnetic resonance imaging 
(MRI), such as cardiac pacemakers, claustro-
phobia or complications from MR contrast 
administration.

Awareness of lymphatic complications 
following congenital heart disease surgery is 
growing. As studies and publications increase, 
more physicians are considering lymphatic 
pathology as a significant cause of morbidity 
and mortality in these young patients and 
a variety of new and more refined imaging 
modalities are under development (20-22). As 
published data accumulate on the incidence 
and prevalence of the wide spectrum of lym-
phatic abnormalities after congenital heart 
disease surgery, the simple, minimally inva-
sive LAS with dynamic whole-body imaging 
should be considered in the initial screening 
work-up. With treatments rapidly improving, 
the inclusion of this modality in the imag-
ing work up and the subsequent guidance 
of management it provides, should further 
improve our capabilities to better the lives of 
the increasing number of patients living long 
after surgical correction of complex congeni-
tal heart disease.
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