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PBRRITHEEMER; XTIRAH315](20244F9H £202558H), AuifE H B 545 B8 (Indocyanine
Green Lymphography, ICG-L) 5 3\ A B ink B E . LLET4 B BRI EE WA FARSEE.
B R, UEARE RiE34MH. Rji564HHKI(Lower Extremity Lymphedema Index, LELI). 455
FWHBFERNMEL TS ER(FIFRA: 21423 +13.54min, XHE4: 223.34+23.64, t=5.347, P=
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EZRBFLVARHRMMHEBERET R, FEABKEEYESEE, BEFRAUE, XBHERE TFHEH
EUKREE R ERRE, A EENIERRBHEME.
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Abstract

Background: Lymphedema is a condition caused by impaired lymphatic drainage resulting from
congenital malformations of the lymphatic system, or secondary to tumor resection, lymph node
dissection, radiotherapy, infection, and trauma. This impairment leads to abnormal interstitial ac-
cumulation of protein-rich lymphatic fluid, causing chronic, progressive tissue swelling. The dis-
ease predominantly affects the extremities but may also involve the breast, vulva, trunk, and head
and neck regions. As the disease progresses, patients may develop subcutaneous fibrosis, adipose
deposition, skin thickening, recurrent cellulitis, and functional impairment of the affected limb, sig-
nificantly compromising quality of life and long-term prognosis. Lymphaticovenular anastomosis
(LVA) is one of the primary surgical treatments for lymphedema. By performing multiple anasto-
moses between subcutaneous superficial lymphatic vessels and small veins in the affected limb, LVA
bypasses the lymphatic obstruction and diverts lymphatic fluid into the venous circulation. It offers
the advantages of being minimally invasive and having a favorable safety profile. Contrast-enhanced
ultrasound (CEUS) enables real-time, dynamic visualization of contrast agent flow within lymphatic
vessels, clearly delineating the boundaries and diameters of lymphatic vessels. The application of
CEUS-based localization techniques aims to meet the clinical demand for precision and functional
advancement in microsurgical treatment of lymphedema. Objective: To evaluate the value of CEUS
localization in LVA, specifically its impact on optimal lymphatic vessel transection diameter, surgi-
cal efficiency, and postoperative outcomes. Methods: This retrospective cohort study included 58
patients who underwentlower extremity LVA at the Department of Burn and Plastic Surgery, Yan’an
University Affiliated Hospital, between September 2024 and September 2026. The study group com-
prised 27 patients (September 2025~September 2026) who received preoperative CEUS to identify
optimal functional lymphatic vessels; the control group comprised 31 patients (September 2024~Au-
gust 2025) who received preoperative indocyanine green lymphography (ICG-L) for target vessel
localization. The two groups were compared regarding time for anastomosing a single lymphatic
vessel, total operative time, transection diameter, and the Lower Extremity Lymphedema Index
(LELI) measured preoperatively and at 3 and 6 months postoperatively. Results: The total operative
time was significantly shorter in the study group (214.23 + 13.54 min) than in the control group
(223.34 + 23.64,t = 5.347, P = 0.002). The time for anastomosing a single lymphatic vessel was also
significantly reduced in the study group (29.89 * 3.24 min vs. 35.48 * 9.66 min, t = 3.873, P = 0.003).
The mean transection diameter of anastomosed lymphatic vessels was significantly larger in the
study group (0.67 +* 0.06 mm) compared to the control group (0.39 +* 0.13 mm, P < 0.001).
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Preoperative LELI values were comparable between groups. At 3 and 6 months postoperatively,
LELI was significantly lower in the study group than in the control group. Repeated-measures ANOVA
revealed significant time effects (control group: F = 85.334, P < 0.001; study group: F = 41.23, P <
0.001), between-group effect (F = 3.78, P = 0.001), and interaction effect (F = 5.446, P = 0.004), indi-
cating a greater reduction in LELI in the study group over time. CEUS localization technique may
significantly enhance the edema improvement effect of LVA surgery. Conclusion: Preoperative CEUS
localization significantly increases the optimal transection diameter of lymphatic vessels in LVA,
shortens the time for single-vessel anastomosis, improves surgical efficiency, and enhances postop-
erative reduction of lower extremity lymphedema and patients’ quality of life, demonstrating sub-
stantial clinical application value.
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W RGRAEH RS E LGB R, Hio0 BT R O H SRR YR . Koy T8 S sl
AT EFURATS, B SR IE H I H SR LA 90%2 ik IR,  HARE 10% K% Toik B %
BIFRANMATR D FHE A BRI, & HEEE M, HA&L S8 54 E S E Bl S AR A
KR GE[1] [2]o &ML 4E RAGARBRIE ) -P B o0 2. R, AR S 40 AT ) Kk st 4g, 1E
PR i 5 G WA B AT EARIERI[3]. 2k R GBI B SR Bk A T AR AR TBURRYT
JRGLSE AR 32 4R, Ik 2 Rl R G 3 250 & 88 1 o AR AE L 2R R B e o B8 AR AT TR Fith L2 7K i 4]
[5] 3R —HFGA7AE 1 R 8 VR K b S5 T i A AR JOME A, T R R 2T A A0 M A B, s
JEUTRR, & SR AR YA NN ORR B B PRI JE S5 AN AT P B AR AL o i RE IS, B AT 2 R
CRBT AR, B REIFRIEE LR, T EE R 5 D R S B AR A AR TR [6] [7].

12. HBKMERITRE

MTAT I A BB AL, BRI K B H 203K 2.5 12, B4 30 AR 1 ANREB IR, 2IREmHFE
2974 3.33%. I A LUK IO 1 2R DL, 8 AR TR T-HU0A] A RO B K TR I DL LT AL i
JUT TR B M8 9 S5 1 A 0 A R AIE 8] [9]

13, KB HBENER

FERREKBT ARG IT ., PR B L A AN LVA i B Ih REAL A Btk A 288 2 —[10].
P AMIFFEAESE, TEWR B R B AIRAS TR, 308 23k E A DR bk B Y R S50 O B s Y R T v R A AR M
ik, FEEAEENM, 2504 0.3~0.8 mm HEHETE, WEKFIERSUREERIKEE[11] [12]. BK
MERAUE T AR P B EHE, BGTIRFE IR A @ e, IR, R g,
RN 5E 4T, LFUERFERE RN, IR EE — e FRRE A I DU 4 T v Rl 58 ThBE, AR T ARG 4 Refa
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S8 MK VBRI R SR 0. S BRI O EER I, REA Y 2 4 7 TRk L PR A B AT A 25 L A IRk
/Ny AR A S R K IR I AERF[13] -

1.4. CEUS HARBOFZTIH R

CEUS Wl M —4E iRt EAMEE R . 25 MEABGEM A IEHAG, ZBOR AT SEIN 2 25 0000 2
EIENERA R Sand R, TS A B F L I AR ARSI, I e R IR Ak
55 RH A /N D PR 18 BRL R A3 RN AT 5C AR [14]. JuHon TAr BIRAERIM R, CEUS AT AL R MA R &
N SBERA R R, R MR 1 BRI %5 [15]-[18] -

15 ARBNEEX

B FUARFIEH CEUS KL AL DI REM EVEHEHEE L, 48 AR mim RS RETEM 5, 4R
PEREFERS . SOR BT ARSENS, ML T AT R e A K I U .

2. ARA*
2.1. HIRMR

WHTTAL: BIELE 2024 4 9 3 & 2025 4 8 A{EIE % K A @ EEBeke 15 BT AN RHZ 52 Sk L2 /MA T Y
DICONES R LVA FARIGES Ty B8 £ TR 32 CEUS A, DAHERE A& A IR L HEAT LVA.

XA BLIEAE 2025 45 9 H & 2026 4 9 HEAE 22 K& B2 Be e 1 BT A BH 32 Stk LM R
PUD) IS B LVA TR R S IRALEH AR AT ICG-L A, DAHERf & 038 & 10tk R #E1T LVA.

AR TS EE 58 8, x4 31 N, WP 27 N, —MEBORMICER : AR B HEBR bRt T
FRE I E K b 91 P rh e CRE A O R B RS F e 1R fA 45 % (Body Mass Index, BMI). k2
KR IR BRI )L 32 B ABUEL . A TR (i ML o K PR B FAM IR B ) e T BEAT IRALST L ISL
IS, T B R e > 6 N A MRET

2.2. MNFRE

NHRBE SR AR SR, I 2 55 LART & LR bR

1) R ROSEAL B U T B K, AT & JEUA M B4k A IR K B 2 Wbt . R
IR A2 WHs A 3 L Bk B i 2 2 (1S L) 7 A v O TOYT S8 3 34T

2) FARENAE: FT A BELARTE LVA FARKERNE, HAEWMT 52 1% T A M RRIEAA ) 2K

3) MAHME: BELAHFKBLAPHERS SR, HHEEEZAREN ICG MG M.

4) REBEER: I MNRBIISE T AREAEE R — AREF SR, G ARES 5T ARIHEG] T U
VIl

2.3. HiRdrfE

N1 G AT RE TR 2% DR BRI LA RS, AT FERFHERR AR 15 DL SR

1) WmAREHE A 4 iR I e Bl O S B B A A4 R R

2) BUSMEIFAOME: AR ESWE SIS M AE (I SR LR ) B .

3) WEURECH LI AP, BRI T A AR R IR, W RESE M PR 24, AL HERR .

4) T 2 FARIEE : WHFET E N TR SR E LRGBS A e R 55), ARE 52
FARE .
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5) URERAKIIA :  WAF CETR TR DB R 8, T RESEMA IR L [l A AR RCR, Rl HERR
2.4. FRAFE

2.4.1. RETE{L

XPHEAL: WL ICG VES FHEATIR LA R, BART . 4 25 mg M| SRR T8 T 5 mL G
BVES K, ARG E S M, Bl Rk E A 2.5 mg/mL MRS SEER . FHEL 0.5 mL %7,
TR — BB AL AT B VRS, VESHAEE N 0.2~0.3 mm. PRSI, A L0 MG L B T AR,
TRHE 25~30 cm IR EE RS, EBhEhASIT LA UG BOAR SEi Mk LA I 2k i 5%, Jhmicd etk K g
5cm FIRELE 8 #R.

WEFCAH: KA NBEALTRIE (R i#54E, Sulphur Hexafluoride Microbubbles, SHM)E BRG], 4
VLIPS R TR I TE N S mL A HE 3K, Fe 0 RIE 2 RS T 7L (1 B il . K Zim i BIE S TR —
BEEE . RPN R ST B AMI, AEAbVEST 0.5 mL. i FHTEI] T Sequoia i E i R 4% B WL (LR FEAR Sk
18L6, A% 18 MHz, HLIk1E%L 0.06~0.08, IAJZEE N 2.2cm), THEF)E 5 H-8h s A il 7 AITE T I
MM EMEX IR, EEATIER . B AR e BRI R TR, K
FE > 5 cm) BAFEIRZEIG shBL R W Bk 4, Jhit 8 AR MR JFic s BArk B 2. B IRIRFE
[l E AR R AT 2 AR, IR AR N K 47 7 )

242. FREE

FEAHIE 72 (1 ARERAE R RN BHE AR, 1E 20~40 135 SAMUBOR 2 Ge4 I T St R v o otk B2 -
kG, BAKFALRNT: 1) YO 5828 WARTVRCXIRYIFFE K, VINKERN 2~3 1
K, VIR T ARBRE R H AR A2 3~4 mm, B2 8 DL 5k 3 00k A MUINER ik . 7ED) T Bz
JRINT 75 TR, B GARAS E BE  N LS. RA BRI B R, B2 B, kiR, EEE
(B B IR A 5 A N, I HL K FE R S RAIE Ik A RSB Bk I S e 52 38 2) BB Pl e S5
ke sr: VI BEEIE, f£RMME T, S EMREEMFK: 3) MEES5FKOIE: EERK
WREVE Sk 2 005, R 11-0/12-0 B2z Je g i ik s ME kAT &, EEMYIS A “f -
a7 “am -7 “EBR” e R EFAR A RIS A RS AT AL TR, 45 it ANk B At B i
KdE;s 4) WA LB MAR E SRR : @ BB WEY& R EEY, W IV A S
FRRAY, TRV I 5) RG4S 5L REHEMVIEH T, 6N &g & L.
I FUA BT 0D AR 5 il R0 R 3, AR R I . A, B0 (R AT Bh TR 4
I, By IEAR S UG sk oAb I A, AR5 57 AR 5 ke B B ) B DK R R RIS T AR

2.5. EIGHR

FORMR )G IR ARSI B RSE, DUERET. RJE 34N H L ARJE 6 4N H I LELI (Lower
Extremity Lymphedema Index, itk /K H6%0) .

LELI: &P T PPAk T bk A i = R FE I & B A 3R bR, 1A 8 LEL index = (Ci2 + C22
+ Cg? + C2 + C)/BMI, HAMIE fAAHE: Sy B4, #id b 10 em. %8~ 10 cm. #MRE. 2%, Hf
Ci~Cs A& & A A (em) WK 1. @ IER AR ERITAT. ARG 3 MNHFMAE 6 ~H 1 LELI H, Xt
Fo LELI B 7EAS R B 18] 2 AR fh e 34 BE S K LVA FARIEYT JUR , iz B O R 3 7E il BMI AL
TETH R T AN RAAR B 22 53 6F JE A2 0 S PR 52, S A [) A6 1 1 7 e R B B T B e 3 17 2 O L VP A3 T Ak
BF AR SRR -
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Figure 1. Schematic diagram of limb circumference at measurement points C1~C5

1. C1~-C5 AZEMESRARREE
3. IRER
3.1. —fgER
A FEIEGIN 58 5] N Bk KPR B, bt REdH 31 5], AT 27 5], FHp 3 ANk, WA

AN 2T N, MR RN 28 N, WL AGN 55 N(LE 2). HfF 0 4L 8 Fsst B2 A8 3 17 3
FERE G370 54.32 £11.23 % H1 53.58 £12.38 %5 HIF 5T 4H ¥ I3 M B AN Lok SR 43 ) g 8 MBI 19 8], R
YL Tk SRR Lt R A D 7GRN 20 45 F FUAH RS AT R ZH BRI 35 BMIL 43l 24.34 £ 3.21
kg/m? F1 25.65 + 3.02 kg/m?;  Bff FL4H & FU0T A ZH 838 ik i int e 430y 61 (6, 77) H #1158 (12, 87) H 5 i
FEALEE ISL 08 1L 1 27 N, XHRRZHEESE ISL 408 1 A 28 Ao AL B2 R M 15
(55.56%) A7l 12 (44.44%). X RE2H &3 RS2 B2 Aol 15 (53.57%) A7 13 (46.43%) . AFF 78 2H FE 34 Tl
I7 5 A 20 (74.07%). G 7 (25.93%). ATHRZHEE L. fby7 5. A 21 (75.00%). G 7 (25.00%). P4
BRI . BMIL ZKIIS L ISL 203 32 SR E TR AT SRS EE B R LY R v A 2 R (P >
0.05, W# 1), EAAHHE.
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BEAN. HiR KiHRIHRIEZE

ﬁiﬁ\ (A#E)‘Ciﬂﬁ‘:’i)
BB E kRO R RIS S TR LVA WEE R 5y 4
2024$9E—2026$9ﬁ; TR ABESRIBS o YIRS PEZLHEA
. THEMRFR
- RERER
- BEAESSFR
v
TEANFEHANHAR n=58
A A
tR5t4E: CEUS Efi FIEBLA: ICG-L FEfil
n=27 n=31
v v
MBI NS
KA n=0; FTHRMEHN=27 KifFn=3; FEHMEIH n=28
\ 4 v
MARER n=27 MANREDH n=28

\ 4

REDHEHEE n=55

Figure 2. Flowchart of patient inclusion, exclusion, loss to follow-up, and analysis

B2 BEMAN. HER KRS ITRIZEE

Table 1. Comparison of general baseline data between the two groups (n = 55)
F 1. FHBE—RERBIXTE(n = 55)

— AL WEF4(n = 27) SHHEZ (n = 28) t/z P
FER(%) 54,32 +11.23 53.58 + 12.38 t=0.453 0.594
BMI (kg/m2) 2434321 25.65 + 3.02 t=0.577 0.467
K (H) 57 (6, 65) 58 (10, 85) z=1.397 0.128
ISL 4>

I 27 28 z2=0.722 0.734

DOI: 10.12677/acm.2026.1693245 2012 Il R 125 23k i


https://doi.org/10.12677/acm.2026.1693245

A

ot

Z R
i 15 (55.56%) 15 (53.57%) 2=0.185 0.458
*i 12 (44.44%) 13 (46.43%)
s AIT R

=l 20 (74.07%) 21 (75.00%) 2=0.224 0.537

7 7 (25.93%) 7 (25.00%)
/; HE LAM £ SD)E M (P25, P75) k[ 1l(%)13 7 sE B BORER AT t ek Mann-Whitney f36: € PEBDRER T 2 4
5
3.2. S8R

3.2.1. RAhZ R E SR A B E R T E F 8 F AR E R % EL

FEXT Y 20 53 T AR [] B R 3k B B AR Ak 5 1~ B I (R E AT Gt 2t s, i JeeniiE 1 28 1)
SRR VERT & IR AT, SRR t RS, 45 R B P B8 S ORI R Gt 47 2 57 (t = 5.347,
P=0.002, # 2), HMkEE RN A G052 7 (t=3.873, P =0.003, % 2).
Table 2. Comparison between the mean time required for intraoperative localization of a single lymphatic vessel and the

overall operative duration
7 2. RpFHE SR EER TR EF12 F AR E R L

7R bR WEF4(n = 27) SHHEZ (n = 28) t P
ST TH 214.23 +13.54 223.34 + 23.64 t=5.347 0.002
BRI ELAE 1 35 B 1] 223.34 +23.64 35.48 + 9.66 t=3.873 0.003

3.2.2. RMI&HBERFIE M RTHIEL

FEXT 20 B8 R ) 5 ik B P BT ROT -EAT Gevt e I, 1 SR BRE 1 A B 0 AR PR A B IR
Ao, RABSIAEAR tKede, 4550 SR 4L 1P Bk R~ A 4iit % 22 7 (t = 10.347, P <0.001,
% 3).
Table 3. Comparison of the mean transection diameter of intraoperatively anastomosed lymphatic vessels by grade
= 3. RPM&HEER T R T EIXTEL

VIR V€= W54 (n = 37) St ZH(n = 35) t P
RSN 0.67 +0.06 0.39+0.13 t=10.347 <0.001

3.2.3. FERERARGEFHHBERLER

W EREIRITRT. RJG 3 MNA ARG 6 NH LELI LB ILCE 4). RAETHA LELI ZR L4 iR
X (WFFT4H 243.33 £28.47, XA 276.55+29.32, t=0.423, P=0.612). AJ5 3N H, W74l LELI (241.55
+ 26.45) 5 F L T X IE 40, (257.13 + 28.73) (t = 2.004, P = 0.025); AJ5 6 N, W74 LELI (234.54 + 22.57)
AT AR T 0 B 41(247.43 £ 30.22) (t = 3.378, P < 0.001). EEME 7 200w, I AR 53 (o R 20
F=85.334, P<0.001; W74l F=41.23, P<0.001), 4LE%M.(F=23.78, P =0.001) &% A2 H2% (F = 5.446,
P =0.004)16 Giit24 = S, R A4 LELL RIS KT iR 4.
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Table 4. Comparison of LELI index at different time points between two groups of patients
4. MABENERE S LELI #E8UIF R LR

X R4 (n = 35) T4l (n = 37) t{A P{A
IRITHET 243.33 £ 28.47 276.55 +29.32 0.423 0.612
ARG 3ANH 276.55 + 29.32 241,55 + 26.45 2.004 0.025
RJG 64 H 247.43 +£30.22 234.54 +22.57 3.378 <0.001
FiE F =85.334 F=41.23
P{H P <0.001 P <0.001
2L [8) RIS F =3.65, P =0.002
AR F = 47.25, P <0.001
ZH P> 1) F =5.335, P = 0.005

4. g

AT, BEFCARH CEUS e, STHRALIRHA ICG-L . R ER, WALTF R A ST
ZS( A4 214.23 +13.54 min, XFH&ZL: 223.34 +23.64, t=5.347, P=0.002), HAFFRL MMM EE
W4 18] (29.89 + 3.24 min) {5 35 45 T % 18 41 (35.48 + 9.66 min), t=23.873, P=0.003, X—% %5 Wang £
[191/ W Fe i — 3, M SR, 1CG $24E 7 2 MRtk L IRl B A B, 35 B R 385 Rk s A TS 72 1R bk 2 58
XId; T CEUS W H ARtk BB AT ORSS M AT Re N, QSR ERIE . IREEEN . LR FI I o
TN A s B AR, B TR E B IR BRI B, AR R T F AR . Jang Z5[16]/)
WFFEHIESE, CEUS RS AE ICG RIMHITENL TR IS, 58%W) &4 H1 CEUS 558 L.

HF T LH AR A & ik B 1) T 5038 W R < 29(0.67 + 0.06) mm, 22 KT R4 19(0.39 + 0.13) mm, #
A RASIFE N (P<0.001). FRGIRIER, RETRIH CEUS BHATAEM A T, Rt A Sut eI
L SRR B EVEE RV & 0 . BRAERE FUIR R, BRI S S S LVA KRG B LEMIEIR
LRI . CEUS Rl R0HAIE & W) & FEAREE . kel W, AR#T CEUS K& L AMUA B 105
ER A DY REVEM LA, BT IR E TARRCE, X o B AR5 WS HA BRI I PR A A

AWFFEVAITRT . RJE 3N H . RJS 6 MH LELI KIBED M %L, T CEUS EAL AN LVA TA
JYRR . 25 SRR, PRULEEIRITRT LELI Eguit 2R B A . RE3ANH ARG 6 A, B
FUZH LELI ¥R T XA EENES Z0ITER, XYL F e = 85.334, P <0.001; BFFEL F s
=41.23, P<0.001. F suxs =3.78, P=0.001; F »x =5.446, P=0.004. 455REMH, BHAEEN LELI Y
BE I TE) 2 R, (EE SRR BRIERE K TR A, CEUS 5@ AL Fi A AENS i 25 150 LVA T AR I K il B3 2%
.

KR RGNS T CEUS BN AR S5E4 .40 1ICG M E LVA RN AN E. #37 T CEUS
IO E A AR T 1CG-L BB (AL bR U2 D0 285 1 AR ik %, P 355 ) AR 85 PRl o b EE 5 901 X 3; H CEUS T
X H AR XAtk 28 BEAT 5 M MDD RS HEVEAY, B E ARG . IRIEENL . Wh s IR M S S H Wr . IX
T L RS o A T RS E I RIS, IR 1 E MR AT SR R . ABFFE IR T CEUS E i
AT AR Tk s Th e MR SR L . R EAL T CEUS @A H AR F AR RN . il LELI
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