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Fig.1
Figure from Sappey's textbook (1874).
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Fig.2

Structure of the lymphatic system.
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Fig.3

ICG fluorescence lymphangi-
ography of the normal upper
limb.

Fig.4

ICG fluorescence lymphangi-
ography of the normal lower
limb.
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a. Photodynamic Eye (PDE) e , )
ICG injection point

S
**

" b. Intradermal injection
of the ICG

¢. Observation of the
lymphangiographic pattern

d. Lymphaticovenular anastomosis
(Lva)

Fig.6
Flow chart of the ICG-LVA (a. to d.) and ICG injection point.
1. Calculate the cross sectional area from
circumference of the five measuring points
10cm above
the patella 2. For whole study, sum all five points value up and
compare it to the preoperative value
Patella
10cm below
the patella
; e 3. For ICG - LVA part study, nearest measuring
operalfeciApoint point (NMP) from the operation site was used to
Ankle compare the value
Dorsum pedis 1Y post op cmsssecﬂf:mal 55‘9_3 (NMP) x 1 '
Pre op cross sectional area (NMP) X 100 (%)

Fig. 7

Five measuring points for assessment and postoperative evaluating method.
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Male
n=5
(6 limbs)

Secondary
n=26

Total n=34(44 limbs)
Patient statistics Classification of the disorder

Fig. 8

Patient statistics and classification of the primary disease.
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HEM PO R BEEIIM N4 T, B A6HL. 29 A38k . FEFIDHR
TEFEEDBA, HREHI26A T, HBEDIBL0AITERMETH-7: (Fig8).

THEEOWEFLLLL, HATOFEDIREZ100% L L THIE1FE TEEMEIT
¥ T944%., IEEMEAFHTIT0%ITA LTz (Table 2),

N RBEMANMBIIH LT, LVAIZETHTIBLFIToTHEY, EHEEN 1D
At BB Tholze TNODEM THIER ¥ —ORFIL. REIWHT
FEREICBWTSOANEDLR DI LT, EEBICBWTIZL, P, D, SO
TRTCONY—VPEREEINTz, —FTTRURIIBOWTIIEREYE - BBHEVIU
BWTHLAELALNSEM A Ho7: (Fig.9) -

BT —CRlOWERE, BERLERALIZSTIOLVAIZDWTEHiZITo72.
BEREMTIZESTL 91.7%(n=7). P 97.1%(n=1). D 940%(n=2), S 90.8% (n=1) TH
D, wEHETIEEYTL 96.7% (n=35), P 93.9% (n=5). D 97.5% (n=5), S 121.3%
(n=1) THho7: (Table 3). /2. LVARITo/ NI BROFEHEATHS
& EREMTIIABRI25% (n=3). M1024%(n=2)., THE91.3% (n=4), EBIHi955%
(n=2) THhY. FHFEMTIIABEISS5% (n=8). B97.2% (n=10). THEI9.4% (n=16).
JEPBAET93.2% (n=4), R 947% (n=8) TH-7z (Table 4).
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Table 2 List of the patient data and postoperative result at 1 year,
primary lymphedema (above) and secondary lymphedema (below)

Primary lymphedema

9 | 10372%
360 9669%
360 9131%
384  90.32%

average 94.4%
Secondary lymphedema

10242% A L 10000%

M 62 Primary (=) 13 AP D  8566%

F 45 Primary (=) 48 P L 11211%

F 44 Primary (-) 60 9346% G S BP L | 9494%
F 45 Primary (-) 60 10391% G S AL e091%
M 44 Primery (=) 73 9848% @ BP P  97.12% R s
F 48 Primey (-) 90 9078% BP L  8220%.

F 56 ) 103.7; AP D o

F 67 (-) 6 S

F 57 =) 8 : 8

F:B2 =l AP L

Primary 8954%  BP : S | 9081%

M 85 Prostaticca (-) 77.75% G E BP L . 6806%

M 65 Prostaticca (-) 7986% A | L 7347% f

F 33 Uterineca (-) 6 9843% G D ~ DP L 10000%

F 70 Uterineca (-) 21 9835% B8P . L  91.73% e :

F 70 Uterneca (-) 21 | 10753% BP | L | 109.44% | | .

F 48 Uwerneca (-) 28  10354% G P . P L g73% B0 L 10827%
F'43 Uterneca (+) 38 8780% G D DP P  B8573%

F 70 Uterineca (+)' 33 9167% AP P  8646% DP P  9231%

F 70 Uterineca (-): 51 ©9638% G D DP L  8301% B

F 60 Uterneca (+) 69 9426% = P L  9474% BP | L :9437% BP L  9437%
F 68 Uterineca (+) 74 10178% @ AP L 10412% P L 10000% BP L 10000%
F 74 Uterineca (-) 76 9258% G . S . : : '

F 86 Uterineca (+) 77 10974% BP D 9467% DP D  10440%

F 47 Uterineca (-) 80 9544% DP L 9131% |

F 47 Utermneca (-) 83 9282% @ P = L  9728% e

F 48 Uterineca () 84 9904% @ G P S DP | L !10482%

F 48 Uterneca (-) 84 9894% AP P  10506% i

F 54 Uterineca ' (+) 90 9416% @ AP | D  9409% P L  9474%

F 74 Uterineca ' (-) 93  9990% P | L | 9766% DP =L  9596%

F!73 Uterineca (+) 120 8812% 6 . § |

F 8 Utrneca (+) 120 9053% P = L  9748% : :

F 55 Uterneca (-) 132 B89.16% AP P 10000% A L  9200%

F 57 Uterineca (+) 144 11108% G . P | AP L 10168% A . L 11901%
F 78 Uterneca (+): 207 6738% @ AP | D  9200% BP D  10214% ’ :

F 57 Uterineca (+)| 232 9751% @6 = S | A L 8836%

F .72 Uterineca (-) 240 964%% G = 8 P | L  9575% ;

F 44 Tauma | (-) 240 10225% BP L 10000% BP . L  10000% BP L | 100.00%
F B2 Oters ((+) 5  10812% | 6 | L BP | L 10991% | |

F 62/ Others [(+) &5  10887% 6 L BP L 11378%

F 63 Oters (+)| 8 | 10172% @ 6 | L BP L  10320%

F. B3 Others (+)' 8 | 10383% G L BP L 100.00%

F 44 Others () 36 9713% = 6 | S I ‘

M 64, Others (+) 360 10398% . G | S | P S  12125%.

M 63 Oters (+)! 16| 7538% | AP | L | 8732% P L 76.10%

average 97.0%

PD: primary disease, RT: radiation therapy, DE: duration of the lymphedema (month), LVA part ; G: groin, AP: 10cm abave the patella, P:
Patella, BP : 10cm below the patella, A : ankle, DP : dorsum pedis, pattern ; L : linear, P : subdermal plexus, D : diffuse, S : static
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Primary lymphedema Secondary lymphedema

Fig.9 Distribution of the lymphangiographic pattern classified by the
ICG-LVA site

Table 3 ICG-LVA postoperative improvement rate at one year after
surgery classified by the lymphangiographic patterns

Linear (=7) . 9172% | | Lnear (=35)  9872%
Plexus (n=1) | 97.12% | Plexus (n=5) : 93.91%
Diffuse (n=2) . 9404% = Diffuse (n=5) o 97.46%
Static (n=1) 90.81% . Static (n=1) ; 121.25%
(average) (average)

Table 4 ICG-LVA postoperative improvement rate at one year after
surgery classified by the surgical site

Above patella (n=3)  9254% Above p'a'te-lﬁlé (n=8) |
Patella (n=2) : 10242% = Patella (n=10)
Below patella (n=4) 91.27% . Below patella (n=18)
Ankle (n=2) 95.46%  Ankle (n=4)
Dorsum Pedis (n=0) Dorsum Pedis (n=8)
(average) (average)
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Summary

ICG lymphangiographic pattern and surgical effect classified by its patterns in the lymphede-
ma limbs

Kiyoshi Yamada and Yoshihiro Kimata
Dept. of the Plastic and Reconstructive Surgery, Okayama University Hospital, Okayama, Japan

Key Words © Lymphedema, Lymphaticovenular anastomaosis, Indocyanine green fluores-

cence imaging, Indocyanine green fluorescence lymphangiography

A series of 34 lower limb lymphedema patients who underwent lymphaticovenular anastomosis
(LVA) were investigated their lymphangiographic patterns and therapeutic results. The
Indocyanine green (ICG) fluorescence lymphangiography was performed by intradermally
injecting the ICG (001-0.02ml) into the each digital web space of the foot and observing the limb
with a near-infrared ray CCD camera (Photodynamic Eye® : PDE, Hamamatsu Photonics, Japan) .
Their lymphangiographic patterns were classified into 4 of linear (L) , subdermal plexus (P) ,
diffuse (D), and static (S). Five points of cross sectional area of the lower limb were evaluated at
the point of 1Y after surgery and compared with the precperative value.

As for the distribution of the ICG lymphangiographic pattern, the L pattern was most frequently
observed distal to the knee in both primary and secondary lymphedema. At the groin region, only
the S pattern was observed in primary lymphedema while every L, P, D, and S patterns were
observed in secondary lymphedema.

The improvement rate (reduction rate) of the cross sectional area of the lymphedema
limbs classified by the ICG lymphangiographic patterns was L 91.7% (n=7) , P 97.1% (n=1),
D 94.0% (n=2), or S 90.8% (n=1) on average in primary lymphedema, versus L 96.7% (n=35),
P 939% (n=5) , D 975% (n=5) , or S 121.3% (n=1) on average in secondary lymphedema.

ICG lymphangiography navigated LVA is a far easier and much reliable way in finding the
functional lymphatics than the conventional methods. However, more detailed classification of the
lymphangiographic patterns and the evaluation method of the surgical outcomes are seemed to be

needed for the future lymphedema treatment.
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