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Currently, there has been an increase in the use of surgical modalities to treat lymphedema and
MR imaging to examine lymphatic vessels. Furthermore, there have been several advancements
in the field of MR imaging, from the traditional heavily T2-weighted images to three-dimension-
alimages. Three-dimensional images include spoiled gradient echo images, and numerous ad-
vanced techniques have been implemented. Among the fat suppression techniques, mDixon
technique has recently been in the spotlight.
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Fig. 1. Lymphedema of both thighs.
A 19-year-old woman with a leg swell-
ing for 10 years and chylothorax for 2
years. T2-weighted image shows ex-
tensive subcutaneous edema, fat hy-
pertrophy, and suspicious fibrosis.
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A o= o] 83 4= Q= FA71EE = bioelectric impedance spectroscopy, lymphoscin-
tigraphy, indocyanine green lymphography (°]s} ICGL), 12|32 MRI7} QItt. Direct lym-
phangiography+= CTU MRI7} 7HEHE] 7] o] 7~80d o] == o] -8-E|l o Jupdojt &
ZdHolE B7] ffal 7HEEITH(12, 13). Blue dyeS 271t Afo] ol FAfSHo] HogS

zroba] T HE A7HgE & 30-gauge FAFL S AFISH & iodinated oil& AA3] FAFSH] A4
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Bioelectric impedance spectroscopy+ 714] 2@t o|-85FH AFA|Q] Mz el-golo] of 5 =
ZJ3ttt. Lymphoscintigraphy+= H X253 Xdsh=t] 7 o] 22o]= XIghHolr Qa9
3] ofRel Px 52 ujBol 2 (dermal backflow) 52 #&sH=t] 20|t} ICGLO|U MRIE
o} ko] wizhr ol Eo| =yt Woj R th(Figs. 2, 3) (14, 15). 12|32l MRIZ} @ Z3ko] oj4f o e
=8l lymphoscintigraphy 2t B &2 TS Holw QJuiidg ¥6h= o= MRIE T lym-
phoscintigraphy7} B &£& S0]=5 Eof o] 2 JuiiS BolRr(16). ICGE Ay =dAy
A(sentinel node biopsy)oﬂ 55] #40]a1 1 0H(17) ICGLL ICGE T|5}324] Wl F£AFSlo] 2
of = ELES G o2 W= W S 2 lymphoscintigraphy©ll H]3l B]-8-0] 27| £,

https://doi.org/10.3348/jksr.2020.81.1.70 71



A 2HEA AT RS cH bd' Og' )\ol'gl ﬁ_!'il x|

Fig. 2. A 49-year-old woman with
lymphedema for 20 years having no
history of surgical intervention.

A. Lymphoscintigraphy shows der-
mal backflow of left lower leg (arrow).
B. Maximum intensity projection im-
age using T1 weighted fast field echo-
mDixon technique shows three lym-
phatic vessels (arrows) and dermal
backflow (arrowhead) at left lower

leg.

g 254 0|tH(18). 12U MRIZ} 42 X E 75 a6h=t| ICGLEH tf Aghetal, MRI+= £
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MR Lymphangiography

MRI= &2 tH2ee} s Jupidat Jode Jdetstkedl 7 Aet 97471710/
Lymphoscintigraphy+= Shtshte] s Holp=t| 24%s ‘31(16) ICGL2 £330l 2cm
714 SHA7} 91th22). MR lymphangiography (15 MRL)= Zlo|e} wlstz2]| 9] Adefoll 4
Ulo] Foyha Hojseu], flxyto] Holx| §l= 2] 739 vHy %E%d—ﬁ o 47t &std] o]
749 d-qatel AR A S Y402 HojErK(10). MRLL 1.5 Tesla (I3} T) -2 3.0 Toll A
& 50| 7Hs 5t

HIHZ MRLoA 5214 Holil, JFEFo|al, T2l o|r, H| LA Q] mefo g Ho]
M, HE AJ7ko] Zp5 ZshA| Bof Auiiat S2o] Hrh23). w7 (dermal backflow)= 1]
Z20 8 AME+= gadolinium (0|5t Gd) £F#9] 140l aL FH et F4kS Hol= B2
ket 4= ATh24).
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Fig. 3. Lymphedema of right lower extremity: a 63 year-old woman.

A. Lymphoscintigraphy shows no lymphatic vessel on 1 minute after injection (left); 1 hour (middle) and 2 hour (right) delayed images show
extensive dermal backflow (arrows) and a few lymph node uptakes at inguinal area.

B, C. MIP image, 10 minutes after injection (B) shows multiple lymphatic vessels at lower leg and distal thigh, right (arrows). A more prominent
dermal back flow and lymphatic vessels (arrows) 30 minutes after the injection (C). The T1FFE-mDixon technique is used in these images.

D. MPR axial image shows lymphedema and dilated lymphatic vessels of right lower leg. Left leg appears to be normal. MIP images are better
than axial images to differentiate between the veins and lymphatics. Dermal backflow appears as a thickening of the skin and enhancement
(arrows). Our institution routinely provided 3 mm reconstructed images of whole acquired area for anatomic information.

ANT = anterior, MIP = maximum intensity projection, MPR = multiplanar reformation, TIFFE = T1 weighted fast field echo

1 hrANT 2 hrs ANT
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mL2| Gd ZYHE 2} 527} 52 1 mmol/mLe] ZYHE 27| = 510(25-28) F 2PAIE B
W3t =2 glok. dEpr g <ol Q3 2PA|= 4 nmE Tt 7of Hiytol] gapA o= %k
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| Gadofosveset= 917+ 20l (human serum albumin)?t Agtsto] Jubaat YA JA}
o]l A gadolinium-diethylenetriamine pentaacetic acid (|5} Gd-DTPA) 2t} 943t J5-&
2AI9o)| A HojZQlrh(31). Gadofosveset-human serum albumin (HSA) 34 182} 2
x| 2 A lo]etadAto|A] o] &5H= sulfur colloidL} 2ERIT} 8] AE wkslct =35t Gd-labeled
dendrimer”} MRLE- Ald¥sh=t]| QlojA] 1B} ZPAHZA] £2 AE FEYAJolAM Bojx
ATH32).

Ferumoxytol?t Gd-DTPA & ZGAE o|-8-5to] HE ko] 2PF%
o] sh= F/d71RIo] 2ol A EATH33). Ferumoxytol> 7_5_17533*3
o7 AZteh RIRkgo 2 157 o/de] Y AIXhE 85h= 2fo)7] ullZel 4] %X-?EE A&
ofl= oF2] 57| 2] ek A[gto] JUTH34).

MR Technique

7P 2 914k 3 Y (phased-array coil)2 AFE5to] GAFS B3} EloAE iA1= 45
Q12 Uro] HhoflA] SRP7EA] /2 D58, A= 3591 = Lro] ol AlopR9f7ER] /4
= g5sHARt 71719} 21U 9] 5ol webA] SHAl= ASR7EA] 389l = Liro] A= 497t H
Eoth(23, 24). Al 7171 obA] AAIE W ZYo] 7= o] SdotAl HAR 4= JA|TH B 7
O] FUTFS 0|8 w= LHrofA] Hofok SHrt(24).

MRLS T84 SHH (isotropic) GAFEI 50| E235tt), JAFE 2] 2] 2 multiplanar reforma-
tion¥} maximum intensity projection (°]5} MIP)% sto] YdH71E skt 53] MIP F/d2
2 =3 97jo]l W42 o|thFigs. 2, 3). MRLOIA= 3D P40 2 2 isovoxel Y402 E53=
o] 7+= /g™ 2 2 (coronal plane) 2 mm slice= E5sh= 9% Ut Fig. 3D2] 7% F/dH
3mmslice® A-+det 2102 sjata R E AlFsl] Qlsl /4™ 22 oz )
3l 712 Yoz B2 Isovoxel2 o2 .0 = AL/ shAl EO:] Tt gAel Aok
Lohrmann 5(24)°1 2J5H 5}l= 294 9 452, d#= 552 Foll 71 A5l
o] QAL Harskar Qirk, gk a2 AJ7to] Zg ofsfi 2| = A2 E o=t Haf

Zy2 ] kol Z—:-].'—vi FelAl = A2 ES BRItk stk j#je] o == HAdrHe=
g

SFOFA] AIZHA] Zﬂ%&% shA 308 A A 7HAEE E 5
9] F7]+= 2 mm 0]7ho] 31%, 2~5 mm7} 50%, 5~8 mm= 19%0]041, 2l P xae] Sak=
1~2717}F40%, 3~207H 36%, 207} ©]/do0] 2496t

52?1 MRL 9732 heavily T2-weighted turbo spin echo image (°]5} T2WI) 9=} fat-
suppressed T1-weighted 3D spoiled gradient-echo (°]3} SPGR, GE) 2-2 fast low angle shot
(o138} FLASH, SIEMENS), T1 weighted fast field echo (°]3} T1FFE, Philips) ©]tH36). Heavily
T2WIE= o5 E ARE S HHH 0 24 3D T2WI GAFC 2 &H-8.5)7] % sH=t|(35), 8l o] 110
= kg Hojn, Gd AlA2] wjstsAks ARg-o] AghE]of Q101(37) 2FAE FANGHAl ¢
A & 4 Aok 7o) ot /A9l ke Holz| ohal FYE| o] glg 7 f-ollgt Hof
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Tl-weighted 3D image 29 374= ©|-85 MRL 949 £/ 2k 2 HojZoh 12
LA 5HA] A E ElEoh=t] 30 717te] Ael= ©o] lof Wol
(27). Fig. 4C, DojlA] E50] intermediate-weighted 3D %/3-2 3D TIWI Y/ Ect P TS Hof
Tt A7 Ak

SPGR 22 FLASH= &4 02 Wo] 20|= R0 2 of2] =750l &-8x=|o] gitk(Fig. 5)
(28, 36). Volumetric interpolated breath-hold examination (°|5} VIBE) Controlled Aliasing In
Parallel Imaging Results In Higher Acceleration (°|5} CATPIRINHA) 7|H2 2 B854 g5
o] MRI9} 24P TS Hrlsh=r] o] 85 7|9 0 24](39), VIBEE SPGRI} 22 71‘?;‘011
CAIPIRINHA= 3D /ol A aliasing artifacts £0F= 7|8 2.2 7|22 parallel 7|H R} &
/9 signal-to-noised}t Q1ZE2] FAE HoJFTH40). VIBEE FLASHS] HH Fef=A
FLASHE®} H|wsto] & off B4 o] /20| VIBECA o Hojgtths a7k JlTh41).

Fig. 4. A51-year-old man with a lymphedema that had developed two years ago, and had suffered from an episode of heart failure.

A. 3D T1WI coronal image shows dilatation of lymphatic vessel (arrows).

B. MIP image shows multiple lymphatic vessels of lower leg and thigh, extension to inguinal area (arrows).

C. 3D intermediate-weighted FSE shows lymphatic vessel (arrows), but is faint compared with 3D T1WI.

D. MIP image using 3D intermediate-weighted FSE shows multiple lymphatic vessels of lower leg and thigh (arrows), no visible proximal thigh
and inguinal lymphatics.

FSE =fast spin echo, MIP = maximum intensity projection, TIWI =T1 weighted image
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Fig. 5. A62-year-old woman underwent surgical intervention 20 years ago due to an endometrial cancer, and had developed lymphedema 18
years ago.

A-G. FLASH technique was applied. Each image was acquired at intervals of 8 minutes. (A) to (G) shows lymphatic vessels at right lower leg
(arrows). Lymphatics are best delineated at 32 minutes after injection (D) and after that show plateau of visualization of lymphatics.

FLASH = fast low angle shot

Fig. 6. A 60-year-old woman was surgically treated 3 years ago due to a
breast cancer, and subsequently developed a lymphedema in the left
arm. We used the VIBE-CAIPIRINHA technique.

A. The lymphatic vessels are delineated faintly at left forearm and
around the elbow (arrows) 10 minutes after injection.

B. The lymphatic vessels are delineated more extensively (arrows) 1
hour after injection.

CAIPIRINHA = Controlled Aliasing In Parallel Imaging Results In Higher
Acceleration, VIBE = volumetric interpolated breath-hold examination

76 jksronline.org



ChetdAbolts|X] 2020;81(1):70-80

cHﬁ‘_I-oélAOI-QIZFEIXI

Table 1. Imaging Techniques of MR Lymphangiography

VIBE-CAIPIRINHA FLASH (SPGR) 3D T1FFE mDixon
Repetition time (ms) 7.4 34 43
Echo time (ms) 3.8 13 1.4/2.5
Voxel size (mm?3) 0.8X0.8X%X2 0.8X0.8X2 1X1X1
) . 320 X 320 (upper) 320 X 320 (upper)
Field of 450 (FH) X 300 (RL) X 200 (AP,
feld of view (mm) 300 x 300 (lower) 300 X 300 (lower) (FH) RL) (AP)
NEX 1 1 1
6 min 36 7 min 24 4 min 30
Imaging time* m|.n sec (upper) m|.n sec (upper) m|.n sec (upper)
8 min 23 sec (lower) 7 min 40 sec (lower) 8 min 20 sec (lower)

*Upper extremity has been divided into three parts including the axillary area, upper arm, and lower arm,
while the lower extremity was divided into four parts including the pelvis, upper thigh, knee, and lower leg.
AP = anterior to posterior, CAIPIRINHA = Controlled Aliasing In Parallel Imaging Results In Higher Accelera-
tion, FH = feet to high, FLASH = fast low angle shot, NEX = number of excitations, RL = right to left, SPGR =
spoiled gradient echo, TIFFE = T1 weighted fast field echo, VIBE = volumetric interpolated breath-hold ex-
amination

VIBE G0l A= &2 repetition time 2 & 918} 719] == 2 2o] o 57| 3= =Gl 7
SHAIS =S HRItHFig. 6) (24).

MR lymphangiography= %A g o] D42 1| vl et Aoj7l= f o] 245
73 Afloto] FA] 2 FFS THEEE w A S AR 7t E e stTH(1e). A 7RIS
& mDixon -2 A 7IH o & Aok AR {85+ 7|22 T1FFE 9%l mDixon 7]
-2 285+ JAto] H Zgal QITh(33, 42, 43). VIBE, CAIPIRINHA, FLASH, T1FFE-mDix-
on 7|89 E= AJ7F2 v]S=5ltKTable 1). A1) 492 2= 1 mm isovoxel & &3 SNRS Tk

Eol5n #dgk A A7 E Hojs= TIFFE-mDixon 7|¥0] 7Fg 24l 7[R o= 11 &-go| g

Q.

d5Feh=t MRLE 7 Hold J/goln 2 1 &-8o] F7Fs6kal 9l
512 A H 2 B 25kE Ak gAto] MRLY] 7] %JAHO & SPGR
ol A Ee| 21 ¥g ¥ 7|89l VIBE, CAIPIRINHA 7|%, 18] 3 T1FFE-mDixon 7|¥ 2. & X13}x]o]
$HTh MIP+=MRLO] H4AQ] 7|H 0 & kS Sheof| HojFrot
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