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INTRODUCTION 

The results of surgical treatment of esophageal cancer have been unsatisfactory and 

discouraging in spite of recent surgical progr白 5・ Accordingto the statisti岱 in1966, the 

mean resectability of esophageal四ncerin our country was 46.0%2> and the five years’ 
survival rates in such patients were only 2 % in the upper two thirds of the thoracic 

esophagus, 5.6% in the lower third, and 6.6% in the esophagocardiac region.1> On the 

other hand, the over-all resectability was 43 % in the seri白 ofLahey Clinic Foundation 

in 19678>. In many白S白 ofother countries during the past 10 years, it was found that 

4 to 14.9% of patients undergoing resection lived five y白 rsor longer13> 23> 2n 30>. 

Some diff iculti田 encountered by the radical treatment of this carcinoma are the 

occurrence of tumor metastasis and extensive involvement of adjacent organs at a relatively 

句rlystage. When the patient is ready for operation, 67 to 80% of them have metastatic 

spread in regional lymph nodes9>12>2s>. 

There have been many reports about the relationship between the thoracic duct and 

the esophagus40>, the stomach40> or the retroperitoneal lymphatic systems22>. For instance, 

EFSKIND and HELSINGEN found tumor cells in lymph from the thoracic duct during ope-

ration in about 60% of cas白 18).

In other words, this means that the esophagus has a close relation with the thoracic 

duct. Therefore, investigations on the lymphatic system of the esophagus using RIHSA 

(radioactive iodinated human serum albumin) from clinical and experimental viewpoints 

would be significant for elucidating the features of lymphatic dissemination of esophageal 
cancer. 

MATERIALS AND METHODS 

Mongrel dogs weighing about 10 kg were anesthetized with pentobarbital (25 mg per 

kg)・ Through a left paramedian incision in the cervical region, the thoracic duct was 
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dissected and ligated just proximal to the 

jugular-subclavian junction. A polyethylene 

tube ( 1. 33 mm in diameter) was cannulated 

into the dilated proximal portion of the tho-

racic duct. The test solution of 2 ml, 50 μc 

RIHSA mixed with Evans Blue was injected 

into the cervical (Ct:), upper (Iu), middle 

(Im), and lower (Ei) portions of the thoracic 

esophagus using a long needle with a tuber-

culin syringe (0.15×50 cm) under a direct 

view through the esophagoscope (Fig. 1). 

In the abdominal esophagus (Ea), RIHSA 

solution was injected directly into the wall 

after laparotomy. 

One ml of thoracic duct lymph was 

collected into heparinized test tuh凹 every15 

minutes for the first hour, and every 30 

minutes for the following two hours. The 

radioactivities of these specimens of lymph 

and 1 ml of the venous blood were measured 

by a scintillation counter of well四type. Then, 

the dogs were bled to death from the femoral 

artery, and thereafter, all of the cervical, the 

thoracic and the upper abdominal lymph nodes 

associated with the esophagus were collected. 

_) 

Fig. 1 Diagram showing technique of iniect1on 
Direct counts on the lymph nodes were made into the esophageal wall using a long needle after 
by placing the specimens in a test tube. The drainage of the thoracic duct. 
results were recorded as counts per minute 

( c p m.) and were also expressed as a percentage of the count of 1 g specimen at the 

injection site. 

RESULTS 

1. Experiments with RIHSA injection into thじ esophagus.

RIHSA in lymph of the thoracic duct was already found 15 minutes after the injec-

tion (Tab. 1, Fig. 2). When !131-albumin was injected into the abdominal esophagus, 

the radioactivity in the thoracic duct lymph increased rapidly for 60 minutes, then de-

creased gradually, but increased again L)O minutes after the injection. 

Table 2 repr田entsthe relationship between the esophagus and the regional lymph 

nod田・ These results showed a close relationship between the esophagus and the thoracic 
duct, but some differences were found among five anatomical parts of the esophagus. 

As one might expect, when the cervical portion was injected, the lymph nodes in 

the upper thorax showed a high count. All nodes in the mediastinum and even the upper 

abdominal nodes demonstrated high activities following injection into the wall of the thoracic 

esophagus. When the abdominal esophagus was injected, the thoracic, especially the middle 
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tracheobronchial (the tracheal bifurcation) C PM 

nodes showed much activity. 5 

~. Experiments with RIHSA injection 

after removal of the lymph nodes in 

the upper abdomen. 

All of the lymph nodes along the lesser 

curvature and spleno-portal vein, and at the 

splenic or hepatic hili etc. were removed in 

dogs, and one or two weeks later, laparotomy 

was performed again. Fifty μc RIHSA was 

injected directly into the abdominal esophagus, 

and one ml of lymph in the thoracic duct, 

and blood in the femoral vein was collected 

to count the radioactivities (Tab. 3, Fig. 3 

and 4). 

After extirpation of nodes, the activity 

in lymph of the thoracic duct was significantly 

lower than that of the control group, however, 

in the venous blood it was higher than the 

values of the control group. Table 4 repre-

sents the per cent count of the regional nodes 

in the cervical and thoracic regions. They 

showed lower values than those of the control 

group. The marked reduction of l131~albu­

min in the thoracic duct lymph, not in the 

J 
xlO 

4 

3 

2 

30 

Im 

Ei 

ーー・ー・ ・←・ー.（e

60 90 120 150 180 
MIN 

Fig. 2 Radioactivity in thoracic duct lymph 
following injection of RIHSA into the wall of 
Ce, Iu, Im and Ei. 

venous blood, suggests that venous vessels take a preponderant role in draining off the 

lymph from the injection site of the esophagus after devasation or severance of lymphatics. 

Table 3 l<ad1りactivevalues following RIHSA injection into the abdominal esophagus I CPM 1 

Radioactivity in thoracic duct lymph 

Control 

内 7 ' ' ' 

""・ 30 ・ 33 I :q I Mean '.¥!Ill I I I 

15 I 13028 i 778 ）けh lfifi7 

30 ：：；リliλ 』己Xll l'Hili 己17'.Jh

.JS 71020 9631 7250 29303 

“（） 80867 171リじ 11287 :Ju』50
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120 -1xn3 ：ーとわ（） 1 18'.!:3 30452 

150 .Jl8'i計 26538 13096 :!71fi I 
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of lymph nodes 
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30 
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.JIリ7 Hi乙l' 1426 

1己07 1己リ7 E.n'i 

:1:!8• .Jtl:ll 3070 
11):2/ 府（）（）＇） 2780 

Radii川ctiv1tvin venous blood 
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33 :i」

.n:1 .J:!O 

525 I己：1

618 500 

581 Ii.JO 

mi 618 

883 892 

11:!8 953 

1329 I 976 

I After rem~val 
¥ of lymph nod竺

M I 35 :lli 
ean ! 1 wk 2wks 

553 I 1310 1 979 

hciリ 1898 i 1378 

7.J I : 2156 ' 15」i

s11 I 2500 日）7五

730 1 32so I 3134 

1237 3788 I 3876 

1111 I 3826 -1:i22 

1問｜捌 Is叩
3. Experiments with RIHSA injection after ligation of the left gastric artery with 

removal of the lymph nodes in the upper abdomen. 

Ligation of the left gastric artery at the root of the celiac trunk was performed in 
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Fig. 3 Radioactivity in thoracic duct lymph 

follow in巨injectionof RIHSA into the abdominal 

esophagus (Ea) and 1 wk. or 2 wks. after re-

moval of the lymph nodes of the up~町 abdomen.

Fig. 4 Radioactivity in venous blood following 

injection of RIHSA into the abdominal esophagus 

and 1 wk. or 2 wks. after removal of the lymph 

nodes of the upper abdomen. 

Injection site 

Right retropharyngeal node 

Left retropharyngeal node 

Left deep cervical node 

Superior mediastinal node 

Paratracheal node 

Right tracheobronchial node 

Middle tracheobronchial node 

Left tracheobronchial node 

Table 4 Distribution of radioactivity following RIHSA injection into the 

abdominal esophagus after extirpation of lymph nodes 

Dog No. Per cent count 

35 (1…一寸 36 (2wks) 

100 100 
0 . 0 

0 0 

0 0 

0. 2 0. 4 

1. 6 

0.4 

12. t 

3.8 

0.8 

2.0 

1. 0 

Specimen 

addition to removal of the lymph nodes in the upper abdomen. Radioactiviti白 ofpa1 _ 

albumin were measured in the thoracic duct lymph, the venous blood and the regional 

lymph nodes, from 2 to 4 weeks postoperatively (Tab. 5 and “， Fig. 5 and 6). As 
indicated in Fig. 5 and 6, the appearance of !131 albumin both in thoracic duct lymph 

and in venous blood decreased 2 weeks after the procedur白・ On the contrary, the ap-
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Table 5 Radioactive values following RIHSA injection into the abdominal esophagus after ligation 
of the left gastric art小川thremoval of the lymph nodes of the upper abd口menICPM I 

Radioactivity in thoracic duct lymph Radioactivity in venous blα刈

～～～～～Dog ;¥o 82 l:!wbi 83 (3wks) .Jlj I I帆1"1 8:! （己wksi 83 (3wks) I -Hi (4wks) 
恥iin.

15 159 5094 79 554 240 705 

30 こわl 94300 18011 7-18 』02 992 

.J:J 1009 lll:lli7:l -Jfi!).Jコ 807 678 1158 

60 1916 11).j/(）己 65596 867 880 1400 

90 3257 リ03:!.J 73832 930 1590 1714 

120 64:12 42102 7リ5.J:l 9.J己 1926 1733 

150 4802 51699 ドコli1'リ 10'.!li 2400 2052 

180 9116 39266 97389 1060 2G-l8 2328 

Table 6 Distribution of radioactivity following RIHSA injection into the abdominal esophagus after 
ligation of the left gastric artery with removal of the lymph nodes of the upper abdomen 

Dog ＼υ 

Specimen 一一～～

Inj配tionsite 

Right retropharyngeal node 

Left retropharyngeal node 

Left deep cervical node 

Superior mediastinal node 

Paratracheal node 

Right tracheobronchial node 

Middle tracheobronchial node 

Left tracheobronchial node 
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P白日neeof RIHSA民markablyincreased 3 weeks after the p肌 edures. 'J.t sug伊 tsthat 

the communication between the esophagus and the thoracic duct regenerated and began to 

function through new channels 3 weeks after destruction of the lymphatic vessels.;1 

The per cent count of the regional lymph nodes exhibited zero in the 2nd戸stopera-

tive week, but a large amount of radioactivities, for instance, in the middle tracheobronchial 

node were measured in the 3rd postoperative week (Tab. 6). 

4. Experiments with RIHSA injection after paraffin-blockade of the esophageal 

lymphatics. 

The lymphati白 ofthe esophagus were blocked by injecting 5 ml of paraffin (melt-

ing point . 42°C) into each of the anterior, posterior, right , and left←sided walls of 

the esophagus with a long needle. Following injection of RIHSA into the esophagus distal 

to the blocked site 2 weeks after the procedure, the appearance of 1131-albumin in the 

thoracic duct lymph was delayed for 90 minutes (Tab. 7, Fig. 7). However, count per 

minute in the venous blood was higher as compared with that in the thoracic duct lymph 

except in the lower portion of the esophagus (Tab. 7, Fig. 8）・ Thismight he attributed 

to the reappearance of RIHSA from the circulating blood into the thoracic duct lymph. 

It is very difficult for RIHSA to be injected correctly distal to the blocked portion, there-
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Fig. 5 Radioactivity in 出oracic duct lymph 

following injection of RIHSA into the abdominal 
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gastric artery with removal of the lymph nodes 
of the upper abdomen. 

-'15;五芯ス而｜
~locked sitei 
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Fig. 6 Radioactivity in venous blood following 

injection of RIHSA into the abdominal esophagus 

z～-I wks. after ligation of the left gastric artery 
with removal of the lymph nodes of the upper 

abdomen. 

Table 7 Radioactive values following RIHSA injection into the 

escphagus 2 weeks after blocking with paraffin I CPM J 

Radioactivity in伽 acicduct lymph !I Radioactivity in刊 no回 blood

38 1 51 I 5S 11- 38 I 51 I 一元一一
Iu I Im I Ei II Iu I Im I Ei 

gs i li-1 18 11 :!83 302 I 133 

L!4 248 ! 99 I 488 ; 327 I 1-12 

194 I 266 i 96 ii 619 I 439 I 1-18 

226 

307 

483 

723 

960 

243 297 127 り8.) -182 

406 309 1持2 180』 708 

826 353 1-18~ 2106 952 

1083 472 2281 2512 l:!li(j 

1279 636 1116 :102 l 1646 

fore, the data obtained in the lower portion of thoracic esophagus might not be authentic. 

Per cent count of the lymph nodes showed an increase in the nodes under the diaphragm 

(Tab. 8). It is reasonable to presume that retrograde lymph channels developed after the 

blockade of lymph flow in the esophagus. 
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Fig. 7 Radioactivity in thoracic duct lymph 

following injection of RIHSA into the esophagus 

distally 2 weeks after blocking with paraffin. 

Fig. 8 Radioactivity in venous bl白川dfollowing 

injection of RIHSA into the blocked田ophagus

distally. 

Table 8 Distribution of radioactivity following RIHSA injection into 

the esophagus 2 weeks after blocking with paraffin 

Dog ¥o. and blocked site Per cent count 
『 『 『 ～ 

一ー、『ー句、 58 
Specimen 

38 51 
角ー』ーー一ーーー一ー一一ーーー～～1 Im Ei 
一一 一一一一一

Inj配tionsite 100 100 100 

Right rctroph.川 n呂町lnode 。 0.:; 0. 3 

Left retropharyngeal node 。 0.5 
。

Left deep cervical node 。 0.6 

Superior media~tinal node 2.8 0.5 34. 3 

Paratracheal node 6. t 11.l 

Right tracheobronchial node 0. 1 1. 0 3. 0 

Middle tracheobronchial node 31. 5 11. 0 12. 5 

Left tracheobronchi凶lnode 10. 7 0. 3 

Cardiac nrxlP 7. 2 

Nodes along the left仰 、tricartery 。
Splenic node 5. 7 0. 9 

Hepatic nude 0. 1 0.2 0. 3 
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5. Experiments with RIHSA injection following thoracic vagotomy. 

After drainage of the thoracic duct lymph under the controlled respiration with a 

respirator (20 times per minute), right tharacotomy was performed through the sixth 

intercostal space. Thereafter, both of the vagal nerv白 weresevered at the height of the 

bifurcation. RIHSA was injected into the esophagus at the same level or the lower thoracic 

esophagus. The relations between the middle or lower thoracic portion of the田ophagus

and the thoracic duct lymph or the venous blood are illustrated in Table 9, and Figur白

9 and 10. Table 10 shows the results of the per cent count in the regional lymph nodes. 

As thoracotomy will greatly influence the dynamics of respiration, and intrathoracic 

pressure, the lymph flow in the thoracic duct will be changed. Table 11 and Figures 11 

and 12 show the results in the control group which had undergone thoracotomy only. 

After vagotomy the appearance of RIHSA in the thoracic duct lymph following injection 

into the middle thoracic portion decreased remarkably as compared with that of the control 

group. On the other hand, no remarkable difference in the venous blood was found 

between these two groups, although the appearance of RIHSA in the venous blood seemed 
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Table 9 Radioactive values following RIHSA injection into the 
thoracic esophagus after vagotomy (CPM) 

Radioactivity in伽 racicduct lymph [] Radioactiv町 invenous blood 
I ii 

77 I 71 " 77 71 
(Im) I (Ei) ii (Im! （日）

102 I 167 II 403 1060 

41:¥7 23179 ! 517 1150 

3053 I 71459 11 469 1558 

3537 I 悶 66 544 l 目

9592 • 46340 i 1338 i 2188 

18801 I 16425 I 1390 :!Sり1

22237 ! 19395 i 1256 2916 
11 

25619 ' 21945 !i 1486 3557 

Table 10 Distribution of radioactivity following RIHSA injection 
into the esophagus after vagotomy 

Dog l'¥o. and injec io Per cent count 

恥 imen 一一一一一一一一一｜ 71 (Ei) 

Injection site 

Right retropharyngeal node 

Left retropharyngeal node 

Superior mediastinal node 

Paratracheal node 

Right tracheobronchial node 

Middle tracheobronchial node 

Left tracheobronchial node 

Nodes along the left gastric artery 
Splenic node 

Hepatic node 

100 

0 

0 

0.3 

0.2 

0.3 

0. 4 

0.6 

0 

0.3 

0 

: 100 
I 0 

0 

0. 1 

0 . .j 

0 

1. .j 

0.2 

0.9 

0 
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Fig. 9 Radioactivity in thoracic duct lymph 

following injection of RIHSA into the esnphagus 

after severing the vagal nerves. 

Fig. 10 Radioactivity in venous blood following 

injection of RIHSA into the esophagus after 

vagotomy. 

Table 11 Radioactive values following RIHSA injection into the 
thoracic esophagus after thoracot口myIぐPM1

［）｛】日：＼＂ and 
Radi川1ct1viれ inthoracic duct 1 ymph Radioactivity in venous blood 

Ill IfιII＜』ll site 
7R 76 戸／.）内 7R 71i 75 

ム.1in. Iu Im Iu Im Ei 
一一15 184 398 J:l6'.!'.! 1779 -1:19 552 

30 562 35316 37370 2176 598 775 

-15 8()1 '.!lli77 41354 2372 140-1 lLi-1 

60 141R 18188 Ii'¥ l'¥7 3394 850 1513 

90 三1-1:! 7041)] :!5750 3886 104:3 :JliliJ 

120 どli:l/ 711'i4 Li8り7 5090 1145 4-105 

150 3805 95216 lfill'.!7 5428 1340 4974 

180 4650 Slli72 l 13'ili 4780 1658 6156 

to reduce for 60 minutes after vagotomy and elevate slightly 90 minutes later. After 

vagotomy the appearance of RIHSA in the thoracic duct lymph and the venous blood 

following injection into the lower thoracic esophagus tended to increase, but fell below 

the control values in the venous blood after 州） minutes (Tab. 9, Fig. 10). No significant 

predisposition was found in the per cent count of the regional lymph nodes (Tab. 10）・
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Table 12 Distribution of radioactivity following RIHSA injection 
into the thoracic esophagus after thoracotomy 

Specimen 

Injection site 

Right retropharyngeal node 

Left retropharyngeal node 

Superior medi旧stinalnoie 

Paratracheal node 

Right tracheobronchial node 

Middle tracheobronchial n吋e

Left trach四bronchialnode 

Nα！es along the left gastric artery 

Splenic node 

Hepatic node 
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Ei 
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ー一一一一一一 fu 

3 6 9 12 
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15 18 XIO 

Fig. 11 Radioactivity in thoracic duct lymph 

following injection of RIHSA into the esophagus 
after thoracotomy. 
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Fig. 12 Radioactivity in venous blood following 

injection of RIHSA into the esophagus after 

thoracotomy. 
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6. Experiments with RIHSA injection after ligation of the azygos and the intercostal 

veins. 

The right thoracotomy wa~ carried out through the sixth intercostal space. The azygos 

vein was ligated at the level where it entered into the superior vena cava. The intercostal 

veins on both sides, situated from the same level to the tenth intercostal space, were also 

ligated. Then, 50 /.IC of RIHSA was injected into the esophagus after drainage of the 

thoracic duct. No remarkable change was observed in the count of the lymph following 

injection into the upper thoracic portion of the esoghagus. However, it resulted in a 

marked reduction in the counts of the lymphs following injection into the middle or the 

lower thoracic portion of the esophagus for l~O minutes (Tab. 13, Fig. 13 and 14). 

Generally, the appearance of RIHSA in the venous blood was lowered below that of the 

control (Fig. 14). There is no doubt that ligation of the azygos and the intercostal veins 

has same effects on the venous flow and the lymph flow in the esophagus. 

Table 13 Radioactive values following RIHSA injection into the thoracic esophagus 
after ligation of the ;i1y日付只 andthe intercostal veins 1 Cl'i¥11 

Dけ日 ？可。 and' R di h d 1 ~＼.. R di b'---' t φl  a 1oact1v1ty m t orac1c uct 1ymドH a 10activity in venous 1uuu in1ec ion宵ltぞ
69 I ti7 ti ti 69 67 I 68 

Min. 111 I Im Ei Iu Im I Ei 

15 1317 178 139 Iり＇.！ 304 3CD 

30 :l'.!79 391 1158 310 647 425 

15 2023 569 3138 ；，リti 789 482 

60 rnけ1 855 I'll内 βりti 816 613 

90 2550 1589 り己hj ］：）~（） 1260 ll)』3

120 2991 のけ（） 17795 18.J:? ]lil7 1892 

150 :m~o 6237 30986 2360 2029 3015 

180 1什h戸 11510 38836 2960 254 1 53% 

Table 14 Distribution of radioactivity following RIHSA injection into the thoracic 

esophagus after ligation of the azygos and the intercostal veins 

～～ I〕｛》日＼11and 1niectuin site Per cent count 

、、、～～ーー『～、～、『ーーーーーー～『『～～～ 69 67 Specimen 
(Iu) (Im) ～ ～ 

In irct111n 'itr 100 100 
Right retropharyngeal node 。 。
Left retropharyngeal node 。 。
Supe口orrnediastinal node 6.3 4 5 
Paratracheal node 0.6 0.8 
Right tracheobronchial ncde 。 23. 7 
Middle trncheobronchial node 0. 7 57. 1 
Left tracheobronchial node 4 5 18.0 
:--J11dれ alongthe left g1"tnc artery 。目7
Splenic node 0. 5 0.6 
Hepatic node 。 0.6 

()I< 

(Eil 

100 

0.5 

0. 7 

ど6.0

8. 0 

:!8. 4 

8目7

2. 5 

3. 4 
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Fig. 13 Radioactivity in thoracic duct lymph 
following injection of RIHSA into the esophagus 
after ligation of the azygos and the intercostal 
veins 
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Fig. 14 Radioactivity in venous blood following 
injection of RIHSA into the esophagus after liga-
tion of the azygos and the intercostal veins. 

7. Experiments with RIHSA injection following transection of the esophagus. 

Following thoracotomy in the sixth intercostal space, the esophagus was transected at 

the height of the bifurcation and both stumps of the esophagus were fastened to each 

other to prevent them from retracting. Fifty μc of RIHSA was injected into the proximal 

or distal portions of the esophagus. Then, the counts per minute both in the thoracic 

Table 15 Radioactive values following RIHSA injection into 
the transected esophagus (CPM) 

Dog '-:o. and 
injection site Radioactivity in thoracic duct lymph I 

市 l 86 I 

Proximal Distal 1 Min. 

15 

30 

45 

60 

90 

120 

150 

180 

7'11 

600 

558 

70:! 

976 

2694 

4400 

7987 

Radioactivity in venous blood 

584 

362 

281 

438 

886 

1221 

1385 

:!! ~：； 

86 
Distal 

342 

4 lll 

638 

817 

933 

1088 

1195 

1150 

8;) 

Proximal 

997 

1190 

1532 

1883 

24:!7 

2730 

3680 
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Fig. 15 Radioactivity in thoracic duct lymph 
following l~IHSA injection into proximal IP) 

• 1r distal (DJ portion of the transected e'-l>ph；・1日＂＇・

Fig. 16 Radioactivity in ven川1'blood following 
RIHSA injection into proximal <Pl or distal 

I D) portion of the trans配 tedesophagus. 

Table 16 Distribution of radioactivity following RIHSA 

injection into the transected esophagus 

一一一一一一旦og:¥u. and injection山
Specimen 

Injection s1 te 

Right retropharyngeal node 

Left retropharyng四lnode 

Left deep cervical node 

Superior mediastinal node 

P.1.ratracheal node 

Right tracheobronchial node 

:Vl irlrllr・ tracheobronchial node 

Left tracheobronchial node 

Nodes along the left gastric artery 

Splenic node 

Hepatic node 

一ーーーーーーー一

Per cent count 

85 1 Prnx11nal I i 86 ID州｜）
100 100 
0 i 0 

0 I o 
0.7 ' -
5.0 ' 0. 2 

1. 8 

0. 3 0. 3 

5.0 ' 2.0 

0. 4 5. 2 

0 0 

0 0 

0 I 0 

duct lymph and in the venous blood were measured. When the distal portion of the 

transected esophagus was injected, radioactivities in the thoracic duct lymph and venous 

blood showed remarkably lower values as compared with those of the proximal one (Tab. 
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15, Fig. 15 and 16). Transection of the esophagus will give rise to stagnation of lymph 
in the distal portion, which can be presumed from the data of per cent count of the 

regional lymph nodes. (Tab. 16). 

DISCUSSION 

There are some differences in the relationship among the cervical, thoracic or ab-

dominal portions of the esophagus and the thoracic duct. It is obviously derived from 

the anatomical site, respiratory movement, pr白surein the thorax, movement of the gastro・
int田tinaltract, food consumption, etc. 

When the lymph nodes in the upper abdomen were removed, the appearance of 1131-

albumin in the thoracic duct lymph decreased, but that in venous blood increased 1 to 2 
weeks after operation. ~This result shows that the dissection of lymph nodes without radical 
removal of cancer cells facilitates the hematogenous dissemination~~ Usually, the function-
ing str鰐ht品ieunobstructed lymphatic channels are able to assume a load up to a critical 
point. ・when this limit is reached, accessory communications may begin to function and 

provide return routes for the overload. These accessory communications may be lym-
phatico・venousor lymphatico・lymphatic37l州予 The development of the former seems to 
occur within a short time, while that of the latter needs about 3 weeks before it begins 
to function. Obstruction of lymphatic channels due to dissection of lymph nodes encourages 
the function of lymphatico-venous communication.• 
Ligation of the left gastric artery with lymph node dissection in the upper abdomen 

gave a similar result as found after the removal of the lymph nodes alone 2 weeks after 

the procedures. However, RIHSA in the thoracic duct lymph increased remarkably 3 
weeks after the procedures. No remarkable increase was observed in radioactive values 
in venous blood. It is doubtful how contributive the ligation alone is to form new com-

munications in such animals as dogs, having a rich network of blood v田sels. There is 

no doubt, however，出atthe lymphatico-lymphatic collaterals must have developed and 

regenerated the communication with the thoracic duct 3 weeks after these operations. 
Fallowing the performance of a radical dissection for cancer and 白pecially if there is 

lymphatic blockage from metastases, the resulting prevalent alteration in lymphatic dynamics 

is aggravated. In addition to the escape of lymph into the free tissue spaces, with the 
possibility of seeding of cancer cells in these spaces, the sealing-off of the severed lymphatic 

vessels produces a serious obstruction to lymphatic flow. If a collateral circulation develops, 
it is possible for cancer cells resident within the intervening lymphatic tissue spaces to 

transverse gr回tdistances throughout the body by means of the newly formed collateral 
lymphatic circulation.4>. 

Radioactivities in thoracic duct lymph decreased after paraffin-blockade of lymphatics 

in the esophageal wall. Per cent count of the regional lymph nodes under paraffin-

blockade suggested a possibility of lodgment of atypical metastases. Neoplastic or inflam-

matory infiltration and obliteration of lymphatic vessels, with or without invasion of the 
thoracic duct, blocks normal lymph flow, impairs absorption of foodstuff, interferes with 

drainage of splanchnic interstitial fluid5l14>. The reduction of lymph flow may derive from 

the destruction of lymph channels and emboli of tumor cells in the perivascular lymphatics. 

The lymphatic capillary in the mucosa extends complicatedly throughout the length 
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of the esophagus, but in the submucosa it runs considerable distances in a longitudinal 

fashion and at successive levels transport the lymph to the regional nodes. On the other 

hand, the lymphatic capillary in the muscle layers of the esophagus flows directly into the 

regional nodes24>31>34>. 

The lymph flow in the esophageal wall has a pronounced tendency to spread longi-

tudinally about 6 times more than transversally15>34>, In the primary tumor of the eso・

phago-cardiac junction, the cancer showed a more evident tendency to extend proximally 

than distallyn33>41>46>49>. Therefore, it is emphasized that a longer, especially, proximal 

portion of the esophagus should be removed as much as possible during the operation21>3e>. 

Case 1. A male aged 64. 

Subtotal esophagectomy was carried out 

for carcinoma of the midthoracic esophagus. 

The findings at surgery were as follows S 2, 

N :3, CAT IlL SAT Ill, and I'.'JFγ. There 
was a pea-sized metastasis in the submucous 

layer of the cervical esophagus far from the 

primary tumor of squamous cell carcinoma 

(Fig. 17). This is a clear-cut example of 

the tendency for carcinoma of the esophagus 

to extend considerable distances longitudinally 

by way of the submucosal lymphatics3>30>36H7>. 

As a rule, cancers of the pharynx, the 

じとrvicalesophagus and cardiac region have a 

definite tendency to spread to regional lymph 

nodes, whereas carcinoma of the thoracic 

esophagus have not a definite tendency of 

regional lymph node metastasis32>. It can be 

seen, however, from the data of paraffin-

blockade seri目 th,1ta retrograde or unusual 

lymphatic dissemination may be established 

with ease. Moreover, preoperative radio-

therady tends to facilitate the atypical remote Fig. 17 Case 1 shows carcinoma in the sub-
lymph node metastasis due to the devasation mucosa! lymphatics in the cervical portion of 

of normal lymphatics2>. Even if a primary the m叩hagus. 

tumor locates in the thoracic esophagus, we should keep an eye on infiltration of the lymph 

node日 in the じじrvical region or under the diaphr昭m29>48l,particularly after preoperative 

radio-therapy. 

Radical removal of cancer of the thoracic esophagus is usually accompanied with 
vagotomy and sometimes severance of the azygos vein. 

Division of the vagal nerves result in significant reduction of peristaltic activity and 

blood flow of the intestine due to the opening of submucosal arterio-venous shunts39> 

Alterations in mesothelial permeability have also been demonstrated following vagotomy 
and this may account for some of the edema seen in tissue sections of the small intestine 
in experimental animals6>. These factors may cause a decrease in lymph flow in the 
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thoracic duct following vagotomy. On the other hand, tonus of the lymph vessels does 

not take a significant part in lymphatic circulation25>. For instance, endotoxin shock was 

associated with an immediate systemic hypotension, a fall in central venous pressure, a 

decrease in blood volume, nevertheless there was an increase in thoracic duct lymph flow26>. 

It is difficult to draw an obvious conclusion about the appearance of RIHSA in thoracic 

duct lymph or venous blood following vagotomy, since it will complicatedly influence the 

lymph flow of the dependent organs and tissues. 

Ligation of the azygos and the intercostal veins resulted in reduction of the appearance 

of !131-albumin both in thoracic duct lymph and in venous blood following injection into 

the mid-or lower thoracic portions of the esophagus, which might be under the most 

intensive influence. The rate of removal of J131 albumin from the tissue is significantly 

reduced in edema caused by lymphatic obstruction, but significantly increased in edema 

caused by venous obstruction, congestive heart failure or hypoproteinemia19>37>. However, 

in the series of obstruction of the azygos and the intercostal veins, these results may be 

influenced by the duration of the experiment for only 3 hours, and venous return through 
extensive collateral vessels. 

High ligation of the veins draining from a primary tumor was advocated to avoid 

the possible spread to other organs during surgery of the carcinoma10>. However, such 

a procedure may lead to the increasing occurrence of malignant cells in the systemic circu-

Fig. 18 Lymphangiography of the thoracic duct 
にlemonstratingthe communication to the right 
lymphatic duct. 

lation via a retrograde flow of venous circu-

lation along the intrinsic and marginal veins35>. 

Anyway, ligation of the azygos and the in-

tercostal veins seems to be effective to avoid 

the liberation of tumor cells into systemic 

circulation. It is debatable to ass田sthe pro-

gnostic implication of malignant cells liberated 

during the surgical manipulation43>. It is better 

to avoid such risks as iatrogenic transport of 

the malignant cells into the systemic circula-

tion because of the increasing number of tumor 

cells in venous blood I I). The pr白enceof 

circulating cells, however, does not necessarily 

signify the establishment of metastases 1n35 >, 
and occurrence of metastases will, of course, 

depend upon the viability of回ncercells, their 

ability to establish metastases, and resistance 

of the patients themselves35>39>. 

During the esophagectomy, transection of 

the esophagus is a method of choice to make 

this procedure easy and avoid occurrence of 

bilateral thoractom y. 

It is clear from the data that transection 

of the esophagus proximal to the tumor is 

better to avoid liberation of malignant (・ells 
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into lymphatic or blood vessel. If the esophagus is transected distal to the tumor, the 
esophagus proximal to the tumor should be ligated to reduce the number of tumor cells 

both within the lumen and the systemic circulation. It is natural that lymph flow in the 
thoracic duct may be changed by compression or infiltration of tumor. In addition to 
thoracic duct lymph, about 10% of total lymph return in the dog is国 rriedby the right 
lymphatic duct26l. Cannulation into the thoracic duct at the height of the ninth intercoatal 

region following thoracotomy was carried out one week after ligation of the thoracic duct 
at the jugular-subclavian vein junction. Popiodols was injected constantly at a rate of 

0.185 ml per minute (total volume : 5 ml) using a special injector, and films were taken 
immediately. Figure 18 shows the remarkable communication between the right lymphatic 
and the thoracic duct. This fact suggests that the lymph nodes in the right supra-clavi-
cular region is often invaded easily in the course of advanced esophageal cancer. 

Case :Z. A male aged 65. 

This patient had undergone intrathoracic 

esophagogastrostomy following left trans-

thoracic resection of the lower esophagus and 

cardia for臼ncerof the esophagocardiac region. 

Fivピ months later, postmortem examination 

showed metastases at the right deep cervical 

lymph nodes only. In this case, only meta-

stases at the paraesophageal nodes in the lower 

thoracic portion were found during the opera『

tion (Fig. 19). 

The lymphangiography of the thoracic 

duct demonstrated abnormal findings in 55% 
。fthe cases of esophageal carcinoma, and it 
was impossible for all such patients to undergo 

radical operation20> Th:s coincides with the 

number of non-resectability of the carcinoma 

of the esophagus2>. Thus, the thoracic duct 

is in danger 0f early invasion of cancer of 

the esophagus">. 

As may be seen from what has been 

stated above, results of treatment for esophageal 

cancer have been poor and discouraging. Fig. 19 Case 2 shows m品 ivecancer infiltra-
However, we should challenge this neoplasm tion in the right d田pcervical lymph node. 

by means of more advanced procedures for diagnosis and treatment. 

SUMMARY 

RlHSA was injected into the esophagus in dogs from the various points vf view. 

The appearance of radioactivities in thoracic duct lymph, venous blood, and lymph nodes 
were studied. 

The results were as follows 

1) Considering the lymphatics of the esophagus, the cervical esophagus seems to 
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have a close relation with the lymph nodes even in the upper thoracic portion ex田 ptfor 

regional nodes, and the esophagus in the thorax has connection with all regional nodes of 

the thorax, but the nodes in the upper abdomen receive lymph from the lower thoracic 

portion of the esophagus. The lymphati白 ofthe abdominal esophagus also have relation 

with the nodes in the thoracic cavity, especially at the tracheal bifurcation. 

2) Removal of the lymph nodes in the upper abdomen caused RIHSA from the 

abdominal esophagus to deliver more into venous blood than into thoracic duct lymph 2 

weeks after the experimental procedure. 

3) Ligation of the left gastric artery with removal of lymph nodes in the upper 

abdominal region produced remarkable diminution of appearance of RIHSA in thoracic duct 

lymph and preponderant appearance in venous blood 2 weeks after the experimental pro-

cedure. On the contrary, radioactivity in thoracic duct lymph significantly increased after 

3 weeks. The per cent count of the lymph nodes exhibited zero 2 weeks, but a high 

per cent count 3 weeks after the procedure. 

4) Paraffin-blockade of the lymphati白 inthe esophagus prevented l131-albumin from 

flowing into the thoracic duct and delivered it into venous blood. It shows the possible 

development of retrograde or collateral lymphatic channels. 

5) Vagotomy at the height of the tracheal bifurcation resulted in a marked reduc-

tion of the radioactivity in thoracic duct lymph following injection of RIHSA into the 

same level of the esophagus, and a slight increase following injection into the lower thoracic 

esophagus. The activity of RIHSA in venous blood tended to fall below that of the control. 

The definite conclusions, however, cannot be drawn from these data. 

6) Ligation of the azygos and the intercostal veins回 usedreduction of the appearance 

of RIHSA both in thoracic duct lymph and in venous blood. 

7) The appearance of RIHSA from the distal segment of the transected esophagus 

was significantly reduced both in thoracic duct lymph and in venous blood. 

The author wishes to thank Prof. Dr. CHUJI KIMURA for his kind guidance and to A日oc.Prof. Dr. Korrnr 
IsmGAMI for many valuable suggestions and criticism throughout this investigation. 
The abstract of this article was reported in part before the 20th Annual Meeting of the Japanese A刷 xiat1on
for Thoracic Surgery, Nagoya, Oct., 1967, in p町 tbefore the 10th and 11th Kansai Local Meetings of the Japanese 
Association for Thoracic Surgery, Kobe, July. 1967, and Ise city, June, 1968, and in part before the 6th 
Meeting of the Japanese Society for Esophageal Diseas回， Tokyo,Feb., 1969. 
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和文抄録

外科的立場からみた食道リンパ系に関する実験的研究

京都大学医学部外科学教室第2講座（指導：木村忠司教授）

白 羽

食道府手術の根治性を妨げる原因の一つにリンパ節

転移や粘膜下転移の問題がある．そ乙で食道リンパ系

の特異性を外科的立場から実験的l乙追求，検討してみ

た．

1) 食道壁内リンパ系と胸管および所属リンパ節と

の関係を追求するために，成犬で胸管ドレナージを行

なった後，頚部および胸部食道壁tCRIHSA 50 1.u:.を

食道鏡直視下で注射器を用いて注入した．胸管リンパ

液を 3時聞にわたって経時的tC:t?ll＜し， その各lml 

の放射能値を scintillationcounterを用いて測定した．

脱血死せしめた後，採取した各所属リンパ節の放射能

値を， RIHSA注入部食道 lgのそれに対する%カウ

ントをもって示した．

2) 腹腔内リンパ節郭清や左胃動脈結設が食道リン

パ系におよぼす影響について検討するために，成犬の

上腹部リンパ節を郭清して1～2週間後に腹部食道壁

にl<IHSAを注入した．さらに左胃動脈結殺を追加し

た実験犬で2～4週間後lζ同様の実験を行なった．

3) 食道癌が壁内リンパ流におよぼす変化を追求す

るために，成犬で融解した paraffin（融点－ -l~C1 を

食道鏡直視下で胸部食道墜に注入した． 2週間後に

paraffin block部の尾側食道壁に RIHSAを注入した．

4) 食道癌手術tc伴なう胸腔内迷走神経切断が食道

リンパ系におよぼす影響について検討するために．成

犬で respirdtorを用いて開胸し，気管分岐部の高きで

両側迷走神経を切断した．そのほほ同じ向さの食道壁

および下胸部食道墜にIミIHSAを注入した．

5) 奇静脈切断が食道リンパ系におよぽす影響を検

討するために，成犬で奇静脈が上大前？脈lζ流入する部

いから，第10肋間lζ至る左右肋間静脈をすべて結殺し

たiを，胸部食道墜にRIHSAを注入しだ．

6) 食道離断lζ伴なう食道壁内リンパ流の変化を追

求するために，成ーたで気管分岐部の;f:jさで食道を離断

誠

し，その頭側および尾側食道墜にRIHSAを注入した．

以上，各実験について胸管リンノV 大腿静脈血およ

び所属リンパ節の放射能値を測定した結果，次のよう

な結論を得た．

1) 頚部食道は，大体上胸部リンパ節まで，胸部食

道はすべての胸腔内リンパ節に，とくに下胸部食道は

上腹部リンパ節lζ，また腹部食道は胸腔内，ことに気

管分岐部リンパ節と密接な関係をもっていた．

2) 上腹部リンパ節郭消後2週間では，腹部食道壁

l乙注入した RIHSAは胸管リンパより静脈血中lζ排出

されやすくなった．さらに左宵動脈結殺を追加した実

験では， 2週間後で胸管への RIHSA流出は著減し，

3週間後では著しい増加を認めた．所属リンパ節の放

射能値百分比は， 2週間後ではすべて0であったが，

3週間以後では多量の放射能値を検出することができ

Tこ．

3) 食道壁内リンパ流を阻害すると，食道より胸管

への RIHSA流出は停滞し，静脈血へより流出しやす

くなり，同時に遠隔部リンパ節tc多量の放射能値が検

出できるようになった．

4) 胸腔内迷走神経切断は，対照例と比較して食道

リンパ系になんらかの影響をおよぼす乙とが推察され

たが，一定の傾向を結論ずける乙とはできなかった．

5) 奇静脈および肋間静脈を結殺すると，食道より

胸管リンパおよび静脈血への RIH~A 流出はともに減

少する傾向を示した．

6) 食道を離断すると，その尾側食道から胸管リン

パおよび静脈血への RIH~は流出はともに著しく阻害

された．

すなわち食道痛手術で奇静脈切断や，自信腫の頭側で

食道離断を行なえば，術Fjl腫湯細胞の循環系への流出

を防ぐ意11＋＿で有効であると考えられる．


