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Supplemental Figure 1: T2-weighted MRI findings for the confirmed group. (A) RASopathies. (B) Mosaic KRAS-opathy. (C) FOXC2-related Lymphedema Distichiasis syndrome. (D) Trisomy 21. (E) 22q11.2 deletion syndrome. Only one participant with 22q11.2 deletion syndrome had T2W performed. (F) PIEZO1-related Generalized Lymphatic Dysplasia. (G) Metabolic Disease including Andersen’s disease and Gaucher’s Disease Type III. Abbreviations: Supraclavicular = supraclavicular edema, Mediastinal = Mediastinal edema, Mesenteric = Mesenteric edema, Retroperitonea = Retroperitoneal edema, Pericardial = Pericardial edema. 
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Supplemental Figure 2: Areas of abnormal perfusion for the confirmed group by DCMRL. (A) RASopathies. (B) Mosaic KRAS-opathy. (C) FOXC2-related Lymphedema Distichiasis syndrome. (D) Trisomy 21. (E) 22q11.2 deletion syndrome. (One participant with 22q11.2 deletion syndrome had direct lymphangiography performed only). (F) PIEZO1-related Generalized Lymphatic Dysplasia. (G) Metabolic Disease including Andersen’s disease and Gaucher’s Disease Type III. Abbreviations: No abnormal = No abnormal perfusion, Neck/Supraclav = Neck/Supraclavicular. 
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Supplemental Figure 3: Thoracic duct characteristics for the confirmed group. (A) RASopathies. (B) Mosaic KRAS-opathy. (C) FOXC2-related Lymphedema Distichiasis syndrome. (D) Trisomy 21. (E) 22q11.2 deletion syndrome. (One participant with 22q11.2 deletion syndrome had direct lymphangiography performed only). (F) PIEZO1-related Generalized Lymphatic Dysplasia. (G) Metabolic Disease including Andersen’s disease and Gaucher’s Disease Type III. Abbreviations: Lig or Emb: Previously ligated or embolized. 



Supplemental Table 1. Demographics for the cohort. * Other includes one individual (#63) with cystic hygroma and one individual with mediastinal mass (#26).
	



	
	Total (N=55)

	Personal history 
	 
	 

	Average age at imaging (years) 
	3.7
	(14 days to 26 years)

	Males
	31
	56%

	Family history 
	N
	%

	Consanguinity 
	0
	0

	Race/ethnicity
	N
	%

	Caucasian
	32
	58%

	African-American
	5
	9%

	Asian
	2
	4%

	Hispanic
	6
	11%

	American Indian/Alaska Native
	0
	0%

	Mixed
	2
	4%

	Other
	8
	15%

	Congenital heart disease
	N
	%

	Yes
	21
	38%

	No
	34
	62%

	Family history of lymphatic disease
	 1
	1.8% 

	Clinical presentation
	N
	%

	Chylothorax
	26
	47%

	Chylous Ascites
	13
	24%

	Anasarca
	8
	15%

	Extremity edema
	8
	15%

	Protein losing enteropathy
	8
	15%

	Plastic bronchitis
	1
	2%

	Chylopericardium
	2
	4%

	Other
	2
	4%
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[bookmark: _Toc74581097]Supplemental Table 2. Lymphatic imaging findings for individuals in the suspected category. 


	
	
	
	T2
	DCMRL
 
	Direct
 

	Patient ID
	Variants
	Interpretation
	 
	Perfusion
	TD
	Perfusion
	TD

	36
	NM_005353.2 ITGAD (c.2019G>T; p.Arg673Ser - maternally inherited); 
NG_050624.1 ITGAD (c.2781-2_2781-1delinsCA- pat inherited), compound heterozygous
	VUS
	Ascites, with mesenteric T2 signal
	Mesentery
	Dilated, tortuous
	Mesentery
	NA

	38
	4q28.3q32.3 duplication
	Likely pathogenic 
	Ascites, pericardial effusion, with mesenteric T2 signal 
	Mesentery
	Normal
	Retroperitoneum
	NA

	49
	NM_013275.6 ANKRD11 (c.3312_3314delTGA; p.Asp1105del); NM_000214.3 JAG1 (c.2429C>T; p.Pro810Leu)
NM_000157.4 GBA (c.1226A>G; p.Asn409Ser); 
NM_000235.4 LIPA (c.6A>T;  p.Lys2Asn)
	ANKRD11-likely pathogenic; JAG1-likely pathogenic
GBA- pathogenic
LIPA- VUS
	Ascites, dermal backflow, with supraclavicular T2 signal 
	Mesentery, lungs, dermal backflow
	Dilated
	NA
	Dilated, tortuous

	50
	NG_016808.1 CBL (c.2252-2A>G); 
NG_051073.1 SOS2 (c.3076-3C>T); NM_001142864.3 PIEZO1 (c.1009C>T; p.Pro337Ser)
	All VUS
	Not performed
	Not performed
	Not performed
	Duodenum perfusion
	Not visualized

	51
	 NM_005633.4 SOS1 (c.2344A>G; p.Ile782Val), maternally inherited.  
Solid tumor panel on skin identified, Tier 3: 
NM_017709.3 FAM46C (c.1057G>A p.Val353Ile) VAF 49%; 
NM_032682.5 FOXP1 (c.1762G>A p.Ala588Thr) VAF 43% NM_152756.4 RICTOR (c.4369G>A p.Gly1457Ser) 43%
	VUS

Tier 3
Tier 3
Tier 3
	Bilateral pleural effusions, ascites, mesenteric, interstitial, mediastinal, supraclavicular, axillary, subcutaneous T2 signal
	Pleura, supraclavicular
	Dilated, tortuous
	Pleura, paravertebral network 
	NA 

	52
	NM_004333.4 BRAF (c.1204C>A; p.Pro402Thr)
	VUS
	Bilateral pleural effusions, with mediastinal, lung interstitial, retroperitoneum
	Retroperitoneum
	Dilated, occluded
	NA
	Dilated and occluded

	62
	NM_002890.3 RASA1 (c.2246G>C; p.Arg749Pro) maternally inherited
NM_000417.2 IL2RA (c.332G>A; p.Ser111Asn)
NM_001291303.3 FAT4 (c.3928G>A; p.Asp1310Asn)
	VUS
	Body wall edema, tortuous channel in axilla
	Subcutaneous, axilla
	Occluded
	Subcutaneous vessels
	Occluded

	63
	NM_006767.4 LZTR1 (c.287T>G; p.L96R), paternally inherited
	VUS
	Intestines, intercostal, mesenteric, dermal backflow
	Lungs, mesentery, dermal backflow
	Dilated, tortuous
	Peribronchial networks and cervical networks
	Dilated, tortuous

	67
	NM_006767.4 LZTR1 (c.741C>A; p.Ser247Arg), maternally inherited 
	VUS
	Bilateral pleural effusions, body wall edema
	Subcutaneous, intercostal, body wall edema
	Dilated, tortuous
	Lungs, peribronchial, peritracheal, perieustachian networks
	Dilated, tortuous





[bookmark: _Toc74581098]Supplemental Table 3. Lymphatic imaging findings for individuals in the unknown category 

	
	
	
	T2
	DCMRL
	 
	Direct
	 

	Patient ID
	Variants
	Interpretation
	 
	Perfusion
	TD
	Perfusion
	TD

	17
	NM_005401.5 PTPN14 (c.3137C>G; p.Thr1046Arg)
	VUS
	Bilateral pleural effusions, ascites, supraclavicular and axillary T2 signal; bilateral groin perfusion
	Mediastinum, supraclavicular, peritoneum, pleura, pericardium
	Normal
	Bilateral lungs
	Not visualized

	26
	47,XY,+der(22)t(11;22)(q23.3;q11.2)
	Pathogenic (Emanuel syndrome)
	No abnormal perfusion
	Mediastinal mass
	Normal
	NA 
	NA 

	29
	46,XY t(19;22)(p13.3q13.1) with 842 kb deletion at 19p13.3
	Likely pathogenic
	Ascites
	No perfusion of abdomen/chest
	Dilated and tortuous
	NA 
	 NA

	33
	NM_000084.5 CLCN5 (c.1164delG; p.Phe389Leufs*45)
	Pathogenic (Dent's disease)
	No abnormal perfusion
	No abnormal perfusion
	Dilated
	Pleura
	NA

	35
	2q36.1 deletion
	VUS
	Bilateral pleural effusions with mesenteric, interstitial, mediastinal T2 signal
	Bilateral lungs, mediastinum
	Normal
	NA
	NA

	40
	NM_000492.4 CFTR (c.1521_1523del; p.Phe508del; c.1841A>G; p.Asp614Gly) 
	Pathogenic (Cystic fibrosis)
	No abnormal perfusion
	No abnormal perfusion
	Not visualized
	NA 
	NA 

	42
	NM_001042351.2 G6PD (c.202G>A; p. Val68Met ;c.376A>G, p.Asn126Asp)
	Pathogenic (G6PD deficiency)
	Ascites, left pleural effusion, mesenteric T2 signal
	Retroperitoneum
	NA
	Infrarenal, renal hilum, and superior pole perfusion
	NA

	48
	18p11.23 deletion
	Pathogenic
	Ascites
	Peritoneum 
	Dilated and tortuous
	NA
	NA

	53
	 NPHS1 (NG_013356.2 c.3481+1G>T maternally inherited); (NM_004646.3 c.2541del; p.Lys848Argfs*57) 
	Pathogenic

	Right pleural effusion, with interstitial, dermal backflow
	Retroperitoneum
	Normal
	NA
	NA

	54
	NM_001080467.3 MYO5B (c.5313+3A>G – paternally inherited, 
c.2278C>T; p.Arg760Trp – maternally inherited, 
c.187C>T; p.Arg63Trp – de novo)
	All VUS
	Right pleural effusion, ascites
	Retroperitoneum, supraclavicular region, mediastinum
	Dilated
	NA 
	NA 

	55
	NM_000448.2 RAG1 (c.2447G>C; p.Gly816Ala); 
	VUS
Single variant in AR disease
	Mesenteric T2 signal
	No abnormal perfusion
	Normal
	 NA
	NA 

	56
	NM_000303.3 PMM2 (c.422G>A; p.Arg14His)
	Pathogenic
Single variant in AR disease
	Bilateral pleural effusions, ascites
	No abnormal perfusion
	Dilated
	NA 
	NA 

	57
	arr[hg19] 4q32.1 (159, 092, 604-159, 151, 443)x1
	Likely benign
	Left pleural effusion, with interstitial, mediastinal, supraclavicular, axillary T2 signal
	Lungs, mediastinum
	Normal
	 NA
	NA 

	59
	NM_152383.5 DIS3L2 (c.2125 G>A; p.Val709Ile)
 NM_138694.4 PKHD1 (c.11077G>A; p. Val3693Ile)
NM_012082.4 ZFPM2 (c.2312C>T; p. Thr771Ile)
	All VUS
	Retroperitoneum congestion
	No abnormal perfusion
	Normal
	 NA
	NA 

	61
	NM_000271.4 NPC1 (c.2762A>G;
p.Gln921Arg)
	VUS
Single variant in AR disease
	Pleural effusion, ascites
	Lungs, pleura, peritoneum, subcutaneous tissues, supraclavicular region, axilla, body wall edema
	Partially duplicated?
	Bilateral lungs
	 NA

	64
	arr[hg19] 1p13.2p13.1(116,050,880-117,164,591)x3
	VUS
	Pericardial effusion, ascites with mediastinal and supraclavicular T2 signal
	Mediastinum, perihilar, intercostal 
	Dilated
	NA 
	NA 
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Supplemental Figure 1: T2-WEIGHTED MRI



A CB



D E



G



F



50%



50%



0%



0%



0%



50%



100%



0%



0%



0%



0%



0% 50% 100%



Pleural effusion
Ascites



Pericardial…
Retroperitonea…



Body wall edema
Mesenter ic…
Mediastinal…



Supraclavicular…
Axil lary  edema



Skin edema
No abnormalities



PIEZO1, N = 2










50%

100%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0% 50% 100%

Pleural effusion

Ascites

Pericardial…

Retroperitonea…

Body wall edema

Mesenteric…

Mediastinal…

Supraclavicular…

Axillary edema

Skin edema

No abnormalities

Metabolic, N = 2

0%

100%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0% 50% 100%

Pleural effusion

Ascites

Pericardial…

Retroperitonea…

Body wall edema

Mesenteric…

Mediastinal…

Supraclavicular…

Axillary edema

Skin edema

No abnormalities

22q11.2 del syn, N = 1

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

100%

0% 50% 100%

Pleural effusion

Ascites

Pericardial…

Retroperitonea…

Body wall edema

Mesenteric…

Mediastinal…

Supraclavicular…

Axillary edema

Skin edema

No abnormalities

FOXC2

, N = 1

50%

50%

0%

50%

0%

50%

50%

50%

50%

50%

0%

0% 50% 100%

Pleural effusion

Ascites

Pericardial…

Retroperitonea…

Body wall edema

Mesenteric…

Mediastinal…

Supraclavicular…

Axillary edema

Skin edema

No abnormalities

Mosaic 

KRAS

, N = 2

73%

53%

13%

13%

13%

40%

27%

40%

20%

20%

0%

0% 50% 100%

Pleural effusion

Ascites

Pericardial…

Retroperitonea…

Body wall edema

Mesenteric…

Mediastinal…

Supraclavicular…

Axillary edema

Skin edema

No abnormalities

RASopathies, N = 15

50%

67%

33%

17%

0%

0%

50%

50%

0%

0%

0%

0% 50% 100%

Pleural effusion

Ascites

Pericardial…

Retroperitonea…

Body wall edema

Mesenteric…

Mediastinal…

Supraclavicular…

Axillary edema

Skin edema

No abnormalities

Trisomy 21, N = 6

Supplemental Figure 1: T2-WEIGHTED MRI
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Supplemental Figure 2: AREAS OF ABNORMAL PERFUSION 
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Supplemental Figure 3: THORACIC DUCT
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