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研究成果の概要（和文）：光音響イメージングによって、リンパ浮腫の外科的治療であるリンパ管細静脈吻合術
(LVA)における術後の開存評価や、リンパ管や静脈系に生じる変化について評価した。LVA吻合部に注目すると、
リンパ管と静脈の両者が同定できるもの、リンパ管か静脈のいずれかが消失したように見えるもの、両者が消失
したように見えるもの、の4パターンを認めた。これらのうち、両者が同定できるものが吻合部の開存を示す所
見であるものと思われた。一部の症例では、吻合部においてリンパ管から静脈に向かってリンパ流が生じる様子
を動画で記録することが可能であった。

研究成果の概要（英文）：Photoacoustic imaging was used to evaluate postoperative patency in 
lymphangio-venular anastomosis (LVA), a surgical treatment for lymphatic edema, and to evaluate 
changes in the lymphatic vessels and venous system. Focusing on the LVA, four patterns were 
observed: those in which both lymphatic vessels and veins could be identified, those in which either
 lymphatic vessels or veins appeared to have disappeared, and those in which both appeared to have 
disappeared. Of these, those that could be identified by both were thought to be findings indicating
 the patency of the anastomotic site. In some cases, it was possible to observe the dynamic 
lymphatic flow from the lymphatic vessels to the veins at the anastomotic site.

研究分野： 形成外科学

キーワード： リンパ管吻合術

  １版

令和

研究成果の学術的意義や社会的意義
従来の画像検査では、リンパ浮腫患者で頻繁に生じる画像所見「dermal backflow」によって皮下のリンパ管を
観察できず、LVAの吻合部が開存しているかどうかを評価することは困難であった。光音響イメージングでは3次
元的な画像が得られるため、dermal backflowに覆われた皮下の脈管の情報を得ることができ、LVAの吻合部も可
視化できた。LVAの吻合部をリンパ管と静脈が接合する画像として可視化したのは世界で我々が初めてであり、
本技術が広まることで、より正確なLVAの術後評価、ひいてはより優れたLVAの手技が普及することが期待され
る。

※科研費による研究は、研究者の自覚と責任において実施するものです。そのため、研究の実施や研究成果の公表等に
ついては、国の要請等に基づくものではなく、その研究成果に関する見解や責任は、研究者個人に帰属します。



様 式 Ｃ－１９、Ｆ－１９－１、Ｚ－１９（共通） 
１．研究開始当初の背景 
 光音響イメージングとは非侵襲的に微細な血管の 3 次元画像が得られる、新たな画像診断技
術である。申請者らは、本技術をリンパ管の撮影に 応用し、ヒトのリンパ管を高解像度の 3 次
元画像で細静脈と同時に記録した。さらにリンパ管が周期的にリンパ液を送り出す動画を、リア
ルタイムで 3 次元的に記録した。現在、リンパ浮腫の外科的治療として広まりつつあるリンパ
管細静脈吻合術(LVA)には、術後の評価が難しいという課題がある。LVA が患肢のリンパ管と静
脈に与える影響が明らかとなれば、より有効な手術法が開発されるなど、リンパ浮腫の診療のレ
ベルがより向上することが期待される。 
 
２．研究の目的 
 本研究では、LVA の前後に光音響イメージングを行い、リンパ管と細静脈に生じる変化を明
らかにすることを目的とした。 
 
３．研究の方法 
光音響イメージングによって、リンパ浮腫の外科的治療であるリンパ管細静脈吻合術(LVA)に

おける術後の開存評価や、リンパ管や静脈系に生じる変化について評価するために、LVA 術前・
術後の静止画および動画の解析を行った。 
 
４．研究成果 
(1) 静止画の解析: これまでのデータも含め、LVA

の前後で光音響イメージングの画像が得られたのは 4
症例であった。撮影範において、術後にはリンパ管は明
瞭化し、静脈の径は縮小する傾向が示唆された。LVA 吻
合部に注目すると、リンパ管と静脈の両者が同定でき
るもの、リンパ管か静脈のいずれかが消失したように
見えるもの、両者が消失したように見えるもの、の 4パ
ターンを認めた。これらのうち、両者が同定できるもの
が吻合部の開存を示す所見であるものと思われるが、
引き続き症例を重ねて検討する必要があると考える。
なお光音響イメージングでは術後 1 週間においても明
瞭なリンパ管画像が得られたが、吻合部においては画
像にノイズが生じ、観察は困難であった。この信号は、
術後 1-2 か月以降は消失することが判明した。いずれ
にせよ、従来の画像検査では dermal backflowによっ
て覆われた吻合部の観察は困難であったが、光音響イ
メージングでは 3 次元的なデータが得られるため、表
在の dermal backflowを非表示とすることで、吻合部
の観察が可能であった。例えば、蛍光
リンパ造影では dermal backflowが吻
合部を覆っていた症例について（図
１）、光音響イメージングでも同様な所
見が得られた場合に（図２）、光音響画
像では皮下の吻合部を表示できた（図
３）。体表に垂直な断面で観察すると、
dermal backflow の下の吻合部でリン
パ管と静脈が接合している様子を明瞭
に表示できた（図４）（引用文献①）。 
 
(2) 動画の解析: 一部の症例では、

吻合部においてリンパ管から静脈に向
かってリンパ流が生じる様子を動画で
記録することが可能であった。このと
き、リンパ流が発生しない限り吻合部
のリンパ管は描出されづらく、静止画においてすべての吻合部の開存を評価することは困難で
あることが示唆された。 
 
 現在、リンパ管や静脈の径を算出する際、画像ビューアの輝度やコントラストの設定によっ

て、求める値がばらついてしまうという課題に直面している。今後は画像工学的な手法を取り入
れ、再現性に優れる画像表示設定の手法を定め、改めて LVA がリンパ管や静脈の径に与える影響
に関する検討を深めていきたい。 
 
＜引用文献＞ 
① Suzuki Yushi、Kajita Hiroki、Kono Hikaru、Okabe Keisuke、Sakuma Hisashi、Imanishi 
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Indocyanine green (ICG) (Diagnogreen 0.5%; Daiichi 
Sankyo Pharmaceutical, Tokyo, Japan; 5.0 mg/mL) is typi-
cally used as the contrast agent in PAL. In this study, ICG was 
dissolved in a 5% glucose solution, and 0.2 mL injections of 
ICG were administered into the subcutaneous tissue.

After injection, PAL images were taken and subse-
quently analyzed using the Kyoto University Rapid and 
Universal MIP Imager, a 3-dimensional image viewer 
suitable for viewing photoacoustic images.11 NIRF lym-
phography was performed simultaneously using PDE-
neo (Hamamatsu Photonics, Hamamatsu, Japan) for 
comparison.

RESULT
The patency of the anastomosis was successfully deter-

mined by PAL in 2 cases.

CASE PRESENTATION

Case 1
We assessed the right lower extremity of a 69-year-old 

woman with secondary lymphedema. Lymphaticovenular 
anastomosis superior to the knee joint and lower extremity 
was performed. End-to-end anastomosis was performed at 
the knee area, and side-to-end anastomosis was performed 
at the lower extremity area. To determine the patency, an 
examination was performed postoperatively at 1.5 years. 
By PDE-neo, we were not able to evaluate the anastomotic 
patency at the knee area of the lower extremities (Fig. 1). 
However, we were able to evaluate the patency of the 
anastomosis at the knee area via PAL but not in the lower 
extremity area (Figs.  2–4). (See Video [online], which 
shows the animation of the photoacoustic lymphangiog-
raphy images showing the continuity of the anastomosis.)  
(See !gure 1, Supplemental Digital Content 1, which dis-
plays (a): a microscopic view of a side-to-end anastomotic 
site during operation; (b): the view of the anastomotic 
site in photoacoustic lymphangiography. The vein could 
not be located, possibly due to obstruction of the vessel. 
http://links.lww.com/PRSGO/B538.)

Case 2
We assessed the left lower extremity of a 44-year-old 

woman with secondary lymphedema. Lymphaticovenular 
anastomosis at the dorsal area was performed. The evalua-
tion was performed 3 months after the surgery. Both PDE 
and PAL showed that the anastomosis was patent (See !g-
ure 2, Supplemental Digital Content 2, which displays the 
left lower extremity of a 44-year-old woman with second-
ary lymphedema. Photoacoustic lymphangiography was 
performed postoperatively at 3 months. Continuity of the 
lymphatic vessel and venule suggests that the anastomosis 
was patent. http://links.lww.com/PRSGO/B537).

DISCUSSION
An important surgical treatment for lymphedema 

is LVA, for which there are many options for postopera-
tive evaluation. In general, changes in the circumference 

and volume of the affected limb are evaluated using the 
lower extremity lymphedema index and water displace-
ment method,12–14 and questionnaires are used to deter-
mine whether the patient’s quality of life has improved.15 
However, the volume of the extremity is easily affected by 
compression therapy, and quality of life cannot be evalu-
ated objectively.

In LVA surgery, lymphatic vessels and venules are con-
nected, thereby releasing the congested lymphatic "uid 
into the peripheral blood vessels. Therefore, the patency 
of the anastomosis is an important surgical outcome. Of 
course, the main goal is to address the patients’ symp-
toms and decrease the diameter of the patients’ extremity. 
However, to achieve this result, anastomosis is patient is 
premise. If all anastomoses were obstructed, the patient’s 
edema would never improve.

However, it is dif#cult to evaluate anastomoses by 
the modalities commonly used previously. For example, 
lymphoscintigraphy can be used to determine patency 
at the anastomotic site through changes in the DBF pat-
tern,12,14,16 but it is dif#cult to evaluate local anastomotic 
sites, especially if many anastomoses are performed in 1 
operation. Thus, to evaluate the patency of the anasto-
mosis one by one, NIRF lymphography is used.

When a patent anastomosis is achieved via end-to-
end anastomosis, the lymphatic "uid can be directly 
observed using NIRF lymphography as it enters the 
venule. Further, in end-to-side anastomosis, patency is 
con#rmed by 2 separate "ows of the lymphatic "uid, 

Fig. 1. The right lower extremity of a 69-year-old woman with sec-
ondary lymphedema. Lymphaticovenular anastomosis superior to 
the knee joint was performed. We were unable to evaluate the anas-
tomotic site by PDE-neo due to dermal back!ow.

図１ 右膝内側でLVAを実施した
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and the vein is shown across the anastomotic point in 
NIRF lymphography. However, not all anastomoses can 
be evaluated using NIRF lymphography as they are in 
a deep subcutaneous area where the image obtained is 
blurrier, and in some cases, DBF covers the anastomosis 
area.17–19 To solve this problem, we used a high-resolu-
tion PAI device, the PAI-05, to determine the patency of 
the anastomosis.

Although detecting patency using PAL is equally dif-
!cult, an advantage of PAL over NIRF lymphography is 
that even if the anastomosis area is obscured by DBF, this 
obstruction can be removed in PAL via the Kyoto University 
Rapid and Universal MIP Imager viewer. Therefore, the 

connection of the lymphatic vessel and the venule at the 
site of anastomosis can be clearly depicted.

In Figures 2 and 3, the colors of the lymphatic vessel 
and vein are different, and the connection between them 
is observed only at the anastomotic site, thus revealing the 
patency of the anastomosis. Moreover, because the image 
can be freely rotated by 360 degrees, the anastomotic site 
can be con!rmed from a cross-sectional point of view. 
Later, the lymphatic vessel, anastomotic site, and venule 
can all be drawn in one !gure under the DBF (Fig.  4). 
To show this, we have created an animation by combining 
the slices of the images obtained. In this video, the yel-
low lymphatic vessels connected to the blue veins beyond 

Fig. 2. Photoacoustic lymphangiography was performed postoperatively at 1.5 years. The anastomotic 
site was covered by dermal back!ow; thus, the patency could not be assessed.

Fig. 3. A function of the Kyoto University Rapid and Universal MIP Imager viewer was used to digitally 
subtract the dermal back!ow, allowing the continuity of the lymphatic vessel (yellow) and the venule 
(blue) to be observed.

図２ 図１と同一部位の光音響画像 
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and the vein is shown across the anastomotic point in 
NIRF lymphography. However, not all anastomoses can 
be evaluated using NIRF lymphography as they are in 
a deep subcutaneous area where the image obtained is 
blurrier, and in some cases, DBF covers the anastomosis 
area.17–19 To solve this problem, we used a high-resolu-
tion PAI device, the PAI-05, to determine the patency of 
the anastomosis.

Although detecting patency using PAL is equally dif-
!cult, an advantage of PAL over NIRF lymphography is 
that even if the anastomosis area is obscured by DBF, this 
obstruction can be removed in PAL via the Kyoto University 
Rapid and Universal MIP Imager viewer. Therefore, the 

connection of the lymphatic vessel and the venule at the 
site of anastomosis can be clearly depicted.

In Figures 2 and 3, the colors of the lymphatic vessel 
and vein are different, and the connection between them 
is observed only at the anastomotic site, thus revealing the 
patency of the anastomosis. Moreover, because the image 
can be freely rotated by 360 degrees, the anastomotic site 
can be con!rmed from a cross-sectional point of view. 
Later, the lymphatic vessel, anastomotic site, and venule 
can all be drawn in one !gure under the DBF (Fig.  4). 
To show this, we have created an animation by combining 
the slices of the images obtained. In this video, the yel-
low lymphatic vessels connected to the blue veins beyond 

Fig. 2. Photoacoustic lymphangiography was performed postoperatively at 1.5 years. The anastomotic 
site was covered by dermal back!ow; thus, the patency could not be assessed.

Fig. 3. A function of the Kyoto University Rapid and Universal MIP Imager viewer was used to digitally 
subtract the dermal back!ow, allowing the continuity of the lymphatic vessel (yellow) and the venule 
(blue) to be observed.

図３ 図１と同一部位の光音響画像 

図４ 図３の吻合部を含む断面 
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the anastomotic site can be clearly observed. (See Video 
[online], which shows the animation of the photoacoustic 
lymphangiography images showing the continuity of the 
anastomosis.)

However, if the anastomotic site is not covered by DBF, 
we can directly evaluate anastomotic patency by directly 
visualizing the connection between the lymphatic vessel 
and the vein. (see Supplemental Figure 2, which displays 
the left lower extremity of a 44-year-old woman with sec-
ondary lymphedema. Photoacoustic lymphangiography 
was performed  postoperatively at 3 months. Continuity of 
the lymphatic vessel and venule suggests that the anasto-
mosis was patent.  http://links.lww.com/PRSGO/B538.)

Conversely, the image in which the lymphatic ves-
sel was not connected to the venule at the anastomotic 
site indicated a non-patent anastomosis (see Figure in 
Supplemental Digital Content 3). We hypothesize that 
when the anastomosis is patent, the veins are visible due 
to the presence of hemoglobin. However, occlusion by 
thrombosis and the resulting blood clot results in a loss of 
the appropriate light absorber, which leads to a loss of the 
photoacoustic signal.

One of the limitations of PAL is that it cannot be 
used to visualize lymphatic vessels that do not take up 
the ICG. In addition, not all anastomotic sites can be 
observed due to a limitation of the photographic range. 
Thus, it is still not possible to evaluate the patency of 
all anastomotic sites by PAL. However, we believe that 
this technique can provide useful information toward 
the development of future treatments for lymphedema 
at anastomotic sites that could not be evaluated by NIFR 
lymphography.

CONCLUSIONS
This is the !rst report documenting the con!rmation 

of anastomotic patency using PAL, which, to date, has not 

been established by other imaging modalities. We believe 
that PAL may be a good option for evaluating postopera-
tive patency of LVA.
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