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a b s t r a c t 

A preschool male patient with an extensive cardiac surgical history developed refrac- 

tory chylothorax after a total cavopulmonary connection. Neither lymphoscintigraphy 

nor single-photon emission computed tomography (SPECT)/computed tomography could 

identify the lymphatic system leakage sites. Non-contrast heavy T2-weighted magnetic 

resonance lymphangiography (MRL) was performed to visualize the lymphatic system. 

Nevertheless, distinguishing lymphatic ducts from other watery structures of the patient re- 

mained difficult. Therefore, non-contrast MRL and SPECT images were fused. This hybrid di- 

agnostic tool elucidated the pathophysiology of the prolonged chylothorax; pulmonary lym- 

phatic perfusion syndrome and illustrated the anatomical connection of the thoracic duct 

and an abnormally dilated lymphatic network in the neck and left hilar regions. Subsequent 

intranodal lymphangiography with ethiodized oil confirmed these findings. SPECT/MRL may 

become an alternative modality for revealing the mechanism of prolonged chylothorax by 

visualizing the lymphatic system when dynamic contrast-enhanced magnetic resonance 

lymphangiography is unavailable. 
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Introduction 

Postoperative chylothorax is a clinical challenge in patients
with congenital heart disease (CHD). The pathophysiology of
this lymphatic failure remains an enigma due to the lack of
reliable tests. In addition, anatomical variants of the thoracic
duct (TD) could obstruct surgical interventions [1] . 

Lymphoscintigraphy (LS) and single-photon emission com-
puted tomography (SPECT)/computed tomography (CT) have
been used for lymphatic imaging [2] ; however, neither of-
fer a distinct visualization of lymphatic vessels. An intran-
odal lymphangiogram (IL) involves ultrasound-guided intran-
odal ethiodized oil contrast injection (Lipiodol, Guerbet Japan,
Tokyo, Japan). In addition to its diagnostic value, Lipiodol in-
duces inflammation and saponification, leading to the cessa-
tion of lymphatic leakage [3] . Meanwhile, IL is a moderately
invasive procedure that can cause vascular embolization in
patients with a right-to-left intracardiac shunt [4] . 

Non-contrast heavy T2 magnetic resonance lymphangiog-
raphy (MRL) is a novel application of magnetic resonance
imaging (MRI) using 3-dimensional sampling perfection with
application-optimized contrast using different flip angle
evolution (3D-SPACE) [5] . This sequence targets water-rich
structures, including lymphatic vessels [6] . The limitations
of non-contrast MRL include a lack of lymphodynamic data
and difficulty in separating lymphatic ducts from nearby
pleural effusions. Furthermore, this modality cannot vi-
sualize the major collateral channels, which are essential
information for selective embolization, owing to the lack of
contrast materials [7] . Dynamic contrast-enhanced magnetic
resonance lymphangiography (DCMRL) using T1-weighted
3-dimensional gradient sequences with gadolinium contrast
has generated publicity owing to its excellent anatomical
resolution with dynamic data [8] . However, its complicated
process (ie, ultrasound-guided placement of the intranodal
needle outside the magnetic field, followed by patient transfer
with unstable needles into the tunnel of the MRI scanner) has
hindered its clinical application. 

Therefore, the development of alternatives to DCMRL is re-
quired. We hypothesized that a hybrid image of SPECT and
non-contrast MRL, SPECT/MRL, may substitute DCMRL. We
report a case of CHD with refractory chylothorax after total
cavopulmonary connection (TCPC), in which SPECT/MRL was
successfully used to illustrate the pathophysiology. 

The ethics committee of Fukuoka Children’s Hospital ap-
proved this case report (Permission number: 2022-58). 

Case presentation 

A preschool male patient with hypoplastic left heart complex
(mitral stenosis–atrial stenosis), right ventricular outflow tract
obstruction, and aortic valve regurgitation was hospitalized
for cardiac surgery. He had undergone serial cardiac opera-
tions, including the Norwood procedure and the bidirectional
Glenn procedure. 

After admission, the patient underwent TCPC (18-mm
Gore-Tex conduit), right ventricular outflow tract muscle re-
section, and aortic valvuloplasty. Subsequently, he developed
bilateral refractory chylothorax. Examination of the pleural ef-
fusion revealed the following: white blood cells, 2.05 × 10 9

cells/L (91% lymphocytes); total protein, 5.1 g/dL; and triglyc-
erides, 50 mg/dL; these results were consistent with the diag-
nostic criteria for chylothorax [9] . The patient’s daily output
ranged from 30 to 80 mL/kg. 

Cardiac catheterization 20 days after TCPC revealed a
central venous pressure (CVP) of 12 mmHg, an aortic oxy-
gen saturation (SaO 2 ) of 96%, a cardiac index (CI) of 3.5
L/min/m 

2 , and a pulmonary resistance vascular resistance
index (RpI) of 2.9 WU 

∗m 

2 . The aortopulmonary collateral
artery from the inferior phrenic artery was embolized. The
chylothorax disappeared after embolization, only to reoccur
within a week. Pharmacological treatments (prednisolone, oc-
treotide, factor XIII, and etilefrine) and fat restriction were
ineffective. 

LS and SPECT were performed using the Symbia E dual-
head system (Siemens Medical Solutions, Erlangen, Germany)
52 days after TCPC. A radioactive tracer (Technetium–99m
diethylenetriaminepentaacetic acid human serum albumin:
99 m Tc-DTPA HSA, 85.0 MBq) was subcutaneously injected
into each foot, and dynamic imaging was performed for 80
minutes. SPECT images were captured at 80 minutes, which
was the segment of the maximal abnormal distribution pat-
tern. SPECT/CT detected abnormal radioactive hotspots in the
left lung, hilum, and neck, suggesting lymphatic stagnation at
these locations. However, the lymphatic leakage point was ob-
scure ( Fig. 1 A). 

Non-contrast MRL was performed using a 1.5T MAGNE-
TOM Avanto system (Siemens Medical Solutions, Erlangen,
Germany) 70 days after TCPC. The parameters of the MRL
were as follows: Matrix, 256 × 256; field of view, 400; repeti-
tion time/echo time, 4175/650 ms; flip angle, 140 °; voxel size,
1.5 × 1.5 × 1.5 mm; and scan time, 5 min. A coronal slice of
the non-contrast MRL showed incomplete TD with loss of vi-
sualization in the upper part. This finding indicated an im-
paired or occluded TD ( Fig. 2 A). Additionally, heterogeneous
dendritically expanded T2-weighted structures were observed
in the neck and lung hilum ( Fig. 2 B). Although the appearances
were like pulmonary lymphangiectasia, also known as “nut-
meg lung,” on fetal MRI [10] , it was difficult to distinguish the
findings from other water-rich structures. 

Postoperative chylothorax has 3 types of etiology in pa-
tients with CHD: (1) laceration of the TD; (2) pulmonary
lymphatic perfusion syndrome (PLPS); and (3) central lym-
phatic flow disorder (CLFD) [11 ,12] . PLPS is a countercurrent
lymphatic flow from the TD to the pulmonary system,
through an abnormal lymphatic network. Meanwhile, CLFD
refers to a multicompartment lymphatic abnormality that
involves the chylopericardium, chyloascites, and dermal
backflow on the abdominal wall. CLFD is also characterized
by occlusion or dysplasia of the TD from the viewpoint of TD
anatomy. Although DCMRL was considered an ideal modality
for a detailed examination in this case, we had no capacity
to perform DCMRL due to lack of experience at this time.
Therefore, SPECT was combined with MRL to accentuate the
lymphatic pathway as a workaround. SPECT/MRL helped rule
out lymphatic flow interruption in the middle of the TD based
on the lack of stagnation of radioactive tracers at the point
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Fig. 1 – SPECT/CT of the thorax. The strength of radioactivity is shown in the order of orange, yellow, and green. (A) Imaging 
demonstrates tracer holdup in the left lung, hilum, and neck (white arrows). (B) SPECT/CT after intranodal 
lymphangiography shows the coincidence of radioactive hotspots and infused contrast materials (white arrows). 

Fig. 2 – Non-contrast magnetic resonance lymphangiography of the thorax. (A) The thoracic duct (TD) in a slice of coronal 
view appears to show flow disruption (yellow arrow), masquerading as impairment or occlusion of TD. (B) TD (orange 
arrows), and T2 hyperintense dendritic structures (white arrows) within the lung parenchyma are described in the other 
slice. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

where the occlusion was suspected in the non-contrast MRL
( Fig. 3 A). Moreover, the overlapped radioactive tracers on the
nutmeg-like findings elucidated the lymphatic connection of
the TD and abnormal lymphatic dilatation in the cervical and
left hilar lung areas ( Fig. 3 B). SPECT/MRL findings suggested
PLPS, and the results of cardiac catheterization indicated the
hemodynamic profile of the patient were inconsistent with a
failing Fontan circulation [13] . 

Based on the discussion, the patient was not indicated
for Fontan takedown, and IL preceded TD ligation. Unfortu-
nately, operators who could perform percutaneous lymphatic
embolization were unavailable, partially due to the COVID-19
pandemic. As a suboptimal choice, IL using Lipiodol at a dose
of 0.3 mL/kg was performed, and the bubbly contrasts flowed
into the left pleural cavity and the bilateral cervical regions
( Fig. 4 , Supplementary video). These findings were consistent
with those of SPECT/MRL ( Fig. 3 ). For reference, SPECT 52 days
after TCPC and CT after IL were combined and showed the co-
incidence of radioactive tracers and pooled ethiodized oil in
the neck and left lung hilum ( Fig. 1 B). 

The postoperative course was uneventful, and the chy-
lothorax resolved. Eventually, the patient was discharged from
the hospital 1 month after IL, following a 6-month hospital
stay. 

Discussion 

In this case report, 4 types of imaging studies were com-
pared: SPECT/CT ( Figs. 1 A and B), non-contrast MRL ( Fig. 2 B),
SPECT/MRL ( Fig. 3 ), and IL ( Fig. 4 ). The findings depicted in
Figs. 1 B and 4 were considered definitive results based on the
presence of contrast material in the lymphatic vessels. This
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Fig. 3 – Fusion imaging of SPECT and magnetic resonance lymphangiography of the thorax. (A) Flow disruption is ruled out 
because of the absence of radioactive tracers in the midstream of the thoracic duct (yellow arrow). (B) The thoracic duct 
(orange arrows) is connected to the lymphangiectasia in the neck and lung hilum, highlighted by the tracers (white arrows). 

Fig. 4 – Intranodal lymphangiography (IL) of the thorax. (A) IL using the digital subtraction angiography technique. (B) The 
magnified ILimage in the superior mediastinum. Contrast bubbles in the thoracic duct (orange arrows) that flow into the left 
thoracic cavity and parasubclavian areas (white arrows). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

comparison revealed that SPECT/MRL successfully illustrated
the pathophysiology of prolonged chylothorax in this patient.

“Failing Fontan circulation” is a term commonly used in
clinical settings, but its definition is still uncertain. The hemo-
dynamic characteristics of Failing Fontan anecdotally include
elevated CVP, decreased cardiac output, and decreased SaO 2 ,
although there is no numerical threshold for each parameter
[13] . In our case, the results of cardiac catheterization (ie, CVP
of 12 mmHg, CI of 3.5 L/min 

∗m 

2 , and SaO 2 of 96%) were incon-
sistent with the characteristics of Fontan failure. SPECT/CT
( Fig. 1 B) and SPECT/MRL ( Fig. 3 ) showed lymphangiectasia
in the superior mediastinum near the orifice of the TD, sug-
gesting lymphatic congestion after TCPC [14] . Fontan failure
is categorized based on the following clinical phenotypes:
type 1, systolic ventricular dysfunction; type 2, diastolic
ventricular dysfunction; type 3, normal hemodynamics; and
type 4, lymphatic abnormalities [15] . Therefore, refractory
lymphorrhoea after TCPC can be a symptom of Failing Fontan
circulation, even if the hemodynamic characteristics of the
patient on catheter examination appear normal. Our case ex-
emplifies the coexistence of type 3 and type 4 Failing Fontan
circulations. Lymphatic abnormalities on MRI and prolonged
chylothorax can predict unfavorable short and medium-
term outcomes including death, Fontan takedown, plastic
bronchitis, and protein-losing enteropathy [5 ,16] . Therefore,
SPECT/MRL may serve as a predictive tool for identifying
several complications related to the Fontan circulation. 

The anatomy of the TD plays a pivotal role in explaining
the mechanism of lymphorrhoea and determining therapeu-
tic options. A typical TD arises from the cisterna chyli and pro-
ceeds to the right descending aorta. Then it crosses the left
and drains into the left venous angle. However, only half of
the patients had typical TD. Knowledge of the course of TD
is essential for effective surgical interventions [1] . Besides, in-
vasive lymphatic interventions can disrupt the equilibrium of
the lymphatic system in patients with CLFD [12] . Therefore, a



R a d i o l o g y  C a s e  R e p o r t s  1 8  ( 2 0 2 3 )  1 4 7 1 – 1 4 7 6  1475 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

detailed evaluation of lymphatic anatomy is necessary prior
to TD ligation or percutaneous lymphatic embolization. 

SPECT/MRL uses anatomical information from non-
contrast MRL instead of CT, and the integration of SPECT and
MRL was performed on a commercial workstation (SYNAPSE
VINCENT, Fujifilm, Tokyo, Japan). Some studies have shown
the usefulness of SPECT/MRI in highlighting the lymphatic
system, including sentinel lymph nodes [17 ,18] . However,
there is little information on the application of SPECT/MRL in
chylothorax. 

SPECT/MRL has several limitations in SPECT/MRL [7] . First,
a non-contrast MRL cannot guarantee the description of the
lymphatic vessels. A study of non-contrast MRL suggested
that visualization of the TD was achieved in 98% of patients;
however, the complete pathway was tracked in only 24% of
these patients [19] . Incomplete visualization ( Fig 2 A) may lead
to an inaccurate diagnosis; therefore, the findings of non-
contrast MRL should be interpreted with caution. Second, in-
formation on dynamic imaging and the detailed anatomy of
collaterals plays a pivotal role in conducting selective col-
lateral channel embolization [11] . SPECT/MRL cannot provide
this type of information. Thus, SPECT/MRL may have only
a limited role in classifying the pathophysiology of lymph-
orrhoea. However, this fact does not undermine the impor-
tance of understanding the etiology of chylothorax because
the novel classification helps to strategize lymphatic interven-
tions [12] . Third, SPECT/MRL requires sedation several times
when patients undergo CT, SPECT, or MRL, particularly in
younger children. DCMRL can be performed in a single session.
The examination process should be simplified as much as
possible because patients with prolonged chylothorax are of-
ten clinically unstable. Considering the limitations mentioned
above, SPECT/MRL does not have the potential to replace
DCMRL. Nevertheless, DCMRL involves logistical and technical
challenges that have hindered its use worldwide [19] . Conse-
quently, SPECT/MRL may be an alternative to DCMRL in certain
situations, especially when DCMRL is unavailable. 

To our knowledge, this is the first report on the use of
SPECT/MRL to diagnose a patient with chylothorax as PLPS,
visualizing the TD and abnormal connections to the lung
parenchyma. SPECT/MRL does not require specific skills or de-
vices for implementation. Therefore, this modality can help
elucidate the etiology of patients with lymphatic disorders
when institutes cannot perform DCMRL. 

In conclusion, this article highlights a case of pediatric re-
fractory chylothorax diagnosed as PLPS based on the findings
of SPECT/MRL. The anatomy of the lymphatic system and the
pathophysiology of the chylothorax are essential to strategize
therapeutic options. SPECT/MRL can help elucidate the etiol-
ogy of chylothorax in situations where the patients are not
accessible to DCMRL. 
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