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The Radiological Study on the lymphatic System in Passage Disturbance of the
thoracic Duct or the retroperitoneal Lymphatics

—With special Reference to lympho-venous Anastomosis and chylous Reflux-—
By

Yoshihiro Taji
Department of Radiology, Osaka University Medical School
(Director: Prof. H. Tachiiri)

"This paper deals with lymphographic patterns in cases of lympho-venous anastomosis, chyluria and
protein-losing gastroenteropathy, together with the experimental studies on the lymphatic dynamic
alterations following the obstruction in the thoracic duct.

The results are as follow:

1. In 7 cases of pelvic or paraaortic lymph node metastasis, the lympho-venous anastomosis was
observed fluoroscopically. In 5 cases of which, pulmonary embolism was strikingly demonstrated and
the thoracic duct was not visualized, but in the other cases hepatic oil embolism was revealed.

2. In 23 cases of chyluria, numerous dilated and tortuous lymph vessels presented the lacy or reticular
pattern. The thoracic duct was also dilated and tortuous. Less lymph nodes were stained and were
smaller than in normal cases. Retrograde filling of lymphatics extending into the pericalyceal portion
of the kidney was markedly observed. In some cases, reflux to the mesenterium and to the axillary area
was, revealed.

3. Sixteen cases of proteinlosing gastroenteropathy could be lymphographically divided into three
groups as follow:

A)  Stenosis of the thoracic duct: The pelvico-abdominal lymphatics peripheral to the stenotic po-
rtion showed dilatation and tortuosity, though not so pronounced as in the chyluria cases.

B) Constrictive pericarditis: The thoracic duct was remarkably dilated and tortuous and the
pelvico-abdominal lymphatics were slightly dilated.

C) Gastro-intestinal disorders: There were little lymphographic changes. No definite correlation

was present between the lymphographic findings and the result of Gordon’s test.
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4. Experimentally, toliowing the ligation of the thoracic duct of the dogs, the reflux of the con-

trast medium to the mesenterium and the intestinal wall beyond the mesenteric lymph nodes, further to

the liver and to the kidney was revealed. These findings were confirmed on the soft X-ray radiogram

of removed specimens and with the histological studies. The lympho-venous communication was form-

ed about ten days after the ligation. The proximal portion of the azygos vein, the inferior vena cava at

the height of the kidney and the subclavian vein seemed most likely to take part in the lympho-venous

anastomosis.
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Table 1. Protein-losing gastroenteropathy FTOTT VEBRT T hE2RRETE, BrhT
WYY b EBICERAEA L PIE U, EHI1210~15cc
Regional ileitis 4 N j i
-~ - DEHFLEAT B L e CTHEHBETES.
Mendurier’s disease ? BEART ISR b AR L. LOREE
Constrictive pericarditis . PloBmc i FNOW B BT 5 b bic
Gastric ulcer al 7THB L4 BOmFEL BN L. VGRS
Colitis 1 &b B s L OB, BRSO Y v, HiofR
p MaRAAR, ¥ FLOHIE T oW T F oA
Tuberculosis 1
—_— PREEL S o0k s Linolk.
nknown origin 5
| C. &R
Summary 16 1. Vv MRy & (Table2)
Table 2. Cases of lymphatico-venous anastomosis
Lymphobraphic findings
- Body | Injected
Case Age : : ) N )
No. and sex Disease w;lg})n dose.) Thoracic Embolism Block
(e.c. duct i . site
Lung Liver
1. J.H. 59%  |vesical ca. 50 15 — - — pelvic
2. Y.N. 6435  |prostatic ca. 52 12 - -+ — pelvic
3. S.M. 4392  |cervical ca. 42 12 -— -+ - pelvic
4. S.F. 528 - |pulmonary ca. 45 13 — + o pelvic
5 5.0. 6635  [|vesical ca. 48 15 - + -— pelvic
6. K.S. 368  |serninoma 45 15 - — -+ paraaortic
7. N.N. 275 T;:i;)ghn :rﬁta 43 15 =+ =+ + paraaortic
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Table 4. Cases of protein-losing gastroenteropathy
Chief complaints
Serum |Gordon’s| Body |Injected

gz;se a.n?igzex Diarr- Etiology protein | test weight | dose

: Edema s (g/dl) | (%) (kgy | (c.e)
1. T. M. 525 + + unknown 2.7 18.6 | 45 20
2. 0. 1. 323 + — ” 55 | 6.4 50 20
3. T. Y. 21Q =+ - 7 5.2 3.2 40 18
4, T. M. 13¢ -+ - 7 3.9 12.6 40 17
5. T. K. 385 -+ - tuberculosis 4.0 4.9 53 18

constrictive

6. E. A. 232 e — pericarditis 4.6 6.0 42 18
7. E. N. 623 + —_ regional ileitis] 5.1 3.0 45 15
8. K. U. 209 -4 - » 4.4 20.4 42 20
9. T. U. 205 — + gastris ulcer 5.0 | 5.2 | 45 | 20
10, K. S. 1758 =+ -+ colitis 4.6 1.4 48 19

" constrictive
1. T. Y. 238 + - pericarditis 5.8 50 18
12, K. I. 203 + + unknown 4.8 6.5 51 20
13. Y. O. 413 + — menétrier 4.7 5.2 53 17
14, s. H. 218 — - regional ileitis| 4.5 1.0 43 18
15, M. S. 15¢ = + ” 4.1 4.2 38 20
16, E. K. 193 + — menétrier 4.3 6.9 45 16
Lymphographic findings
Thoracic duct Paraaortic lymph vessels ly]ﬁ;?igﬁi: Reflux
Stenosis D:_lata- Tortuo- | 1 1 eqse| Dilata- | Tortuo-| gy, e Irli:i§u- Kidney Mesen- Intterjcostal
ion sity tion sity terium | regions
contour

N - S I S I =
+ | [ £ [+ |+ | + ! ¥ | - = -
+ [ = =[x | £ =1 = =—[=71T= =
.. - — - . + - . .. - —
¥ |+ | = | + | = | + - | - [ = [ = =
+ | # |+ x| | x| ~-]~-|=-|-1] -
=5 + — 4 . — i — . - =S
e i S - S i i -
— - — + - — - . — - -
— - — — + i = =e i il ==
S - I s I O e e e o +
. - — — — + 1 == = = e
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Mz L D ErhTHO R LS 2 ED s .
fa& ORIRTE AL X b 49 4 en F o ¥fsr THAR T
L, ETHEBCEE 2T e L TABY
T35, s koi-dexshiEobis
WEEEETS.

b, F v viioF OB AEREA (No.18~29)

SBHOBHREE: B 2 i3 S O P Lo

AEREFRARESHE H20%E - H15

T, FVvEVil2~3ce #F O REERIEAL
. BIEOBA IS AT A
TVEVlREA LK, FRTLES CHYT
fifa <y v — v LTAVERE T v e iy
BEIRTEEY RS- S8, FEMEAORI
W VRRT VEFEET T, Tl s Rt
Bdt 2L ORI BB A L THEAR s 22,
FIEE:S 2\ R BT Th Eh 6 324 B\
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JEHE T & T %l i 3 em, #E 6 cood R SEF %
L0, &FHRE: oL L BEL, v
( 190kVp, 50R/min) % X 0* ®Co v ##& Zh
Fh 5801, Wiz 1E 1,000 R #E]
ECH U A5110,000 R & JRET L 7=,

2. Y vAER

ARALE R 5B, ALER 398w FEIKG & Mtk
Kinmonth Fic# UT W2 X v v v
R LE. VY SEHRBELT 2 v T 2—n
( 0.5cc/kg) TEHMELA I Z oW EEAEE
MEER L. EAERH 1.5~ 2kg/em? T
BHIL 5 ~25cc & 20~ 120 e A L. &
Fix Lp. B35\ Pp. Zooffl, K& LTHAL
REE b (EmP) % Fv 7o, BRERGI & Rk Vi

T VEER T CERREY IR Ly o iR iR

EL, EAERCH, EHs Lo ERmoBy
BB Iioic. BBERAES1H, D\WT
FHBRCS ABCiRE L, K& oK, B
EHRESEEBEoTRUREAERCEKRL, B
B FLO MR oo FEM 7 22 0 T b IEFRIEEE o
B VEREATET L. 7 Vv e iliEARE I
ABBBR, BSHBHECRBHRTETHE
w, EFrs oo THRL, MAfFETREL
to. BE LCHRA BT 2~3Elo&EEi s o
iy

3. Zoff

LB ERE IR TR S ¥ s T b
ME S, FREfTHOREY S SR
i EmER E v v BRAEEE L 7.
FLORIESLEARIE BB & oBI#EE2 415

- :f(: O MFREEHIGE, gordon’s test. FKZAYHE
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Table 5. Cases of experimental lymphatic

passage disturbance

' Period between
Iniected | Methods |onset of passage
Case|Contrast| "' of Passage disturbance and
No. | media (cocse) disturban- | lymphography
7 e performed
I (days)
1 Lp 15 | L |0
2| Lp 20 | L | 0
3 Pp 15 Li# |0
4 Pp | 15 I 0
5| Lp 15 | L 2
6 Lp 20 | I | 2
7 Lp 15 = 5
8 Lp 18 L 5
9| Lp 5 L | 9
10/ Ppp | 18 | L 9
11 Lp 16 | L 15
12| Lp | 15 | L 15
13 Pp 15 | 155 |15
14| Pp 15 15 .30
15 Ip | 15 15 |30
16 Lp 15 158 | 30
17| Pp 20 | 18 i 30
18| Lp | 20 Ts | 2
19| Lp | 15 Ts 2 10, 30,
20| Lp | 10 :t___Ts 3
21 Pp 15 Ts 7
22 Lp 25 Ts 3 7
23 Pp 20 Ts 2
24 | Emp 25 Ti 2
25 Lp 15 Ti 5 30
26 Lp 10 Ti 2 10
a7 Pp 10 Ti 3
28 | Emp 15 Ti 3
29 Lp 10 Ti 7
30 Lp 5 Ix | 7
31 Lp 15 |  Ix | 7 30
32 Lp 15 Ix |7 30 180
33 Pp 15 Ix 7
34 Pp 15 Ix 7
35| Pp 15 Ico 7
36| Lp 15 Ico 7 30 180
37 Lp 15 Ico 7 30
38 | Emp 16 Ico ki
39 Lp 15 | Ico 7 30
L: Ligation of thoracic duct
Ts: Turpentine oil infusion by surgery
Ti: Turpentine oil infusion by injection
Ix: Irradiation with X-Ray
Ico: Irradiation with *°Co-y-Ray
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R R fam ) ol

B, ¥ voRoFEEs L OMmiEEERER
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RS By, WA AV,

B. #H

1. U vsEwe

a ., FILEF

4~ 5 el R AT B L EM, i,
R, RWTEHY v-5Rke~T, UL D
fgrEEshi. TPV tiz3~s5X, BE
MTA~5HKD Y vAERNIHETH D, BEHT
L d~5KD ) vAERL bR, WREBILFED .
highyote, fUEG CREGIRRE EF Shicy v
AL OFKEERET 2 enfife T, IO o
W3 ~4mTHol-. EI1L 2~ 3 mok X TH
WaEraoh, dur1kRo o nn L a4
TTFHT2~3&KpoTrhifle LTI FKicics
0, PET2~3ERBoTCTFHELTTLA
LB b0l EEL DEEMRHA LRI,
FERIRANHE Tl EIRFR L 2c@m L, ERHA
RiiFe Aotz VELT VETEIET S &, itk
AT EERNT I Bt iz » ADREEETHR
BiRRIET R BER » ET50% B
tz. 5 ceell ko @EEHEIn ke Ao CTiRIEY
ST EMALARIEC L. THE»oEETO
Y v, JRER, BT, Blon, MR, &l
TR 5 Vi BIRWA 7 &3 R bhisho.
to. ¥fo) vAafioik, T, SO ELD
Foi L B BRI,

b . BB ERRRE (No. 1 ~17)

i, iEEEREERE (No.1~4)

BB Y v o3R EFFFR Y v B~ MR
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Table 6. Ligation of thoracic duct (Lymphatico-venous anastomosis —)
Case  |Days after In{-{ii:fd Pulmonary Bevond Re:::'ah -
No. ligatian (c.c.) embolism Me§e:1te- m.e;::;relric' Liver n:c fynigh Kidney | Stomach
LR node vessels
1 0 15 = + — -+ = — —
2 1] 20 -— + — + - - 2
3 0 15 - + — + = = —
4 0 15 - + — + = - -
5 2 15 - - + - + + -
6 2 20 = + ¥ + ¥ + -
7 5 15 — + -+ + + -+ =
8 § 18 o + -+ + + + =
9 9 15 4 4 — + i - —

Zbhtc, REIHEEEMN ¥ ah, FWI10
mDA SR L. BE#E ot 3
RHRD BRIt B VIERE CIREE S %
VIR Y v @ X v RO Y v AR R
Nig otz

i, k2 BEBERE (No.5~6)

WGREIE Y v <%, FFFPEEY v<REk X OB
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Table 7. Ligation of thoracic duct (Lymphatico-venous anastomosis+)

o Reflux
ggfe Dla}é:;t;f;er Inn:'ilz‘:;d Site of anastomosis iﬁﬁ?gﬁ;’" Mesenter- ; ‘.‘
_ (c.c) FRo Liver Kidney
10 ] 18 azygos vein - + + =
11 15 15 subclavian vein - + = -
12 15 15 subclavian vein - 4 + i
13 15 15 azygos vein -+ -+ = =
14 30 15 inferior vena cava + + — -
15 30 15 azygos vein + + — —
16 30 15 inferior vena cava -+ =+ o _
17 30 20 azygos vein -+ -+ - o
Table 8.

(Fig. 13).5e2PA%E 2 Pl IEBI S hi-. 180k
FTUVEVIlIEAB S BHR Y vA@EE v ino
font, BRI, s L0y vARZnrhEho
o 2 UL TEEIhic. ¥727BFED Y
VAT, FWEH BB Y v IER
ORI 3 B L TS HNEE S e b, F
ORI X Y LB L TR bRz,
flio 1 FITHT vEVlEAS A0 ) v EE
X b RAEEOER SR RD, 0HED Y g
THEMMOBE S TTABIRE OWER A BRI,
d. FLOFH SRR TE (No. 30~39)
VERB B ©Co THRBET T hoRE L BE
OIEEEE Y v R A D fo o 2 TRRZE T i
5 oxieote. TIRER T2 & VIRBSRE
(Fig. 14) 0FH, LA 0N AEER LD
iz, FWEH SR Y v R RoiESPIETES
DZELD VERIBSTTE O hieeidinot:. 30HE
LU 180AHD Y v THRE b, BEREE
A3 kis b irdote.

2. V) vAER OB EIZ

) v AEERY AT B ERBE S HE ¥ T
Wi, 9BET24IF 1 flic, 15HA L30B8 H
T, TNTR) v EHIRY &2 RDk. Vv
AERIRY & o Bk 2 AL & HIR (Fig. 15)
BbLE L, RCTTAHEIR (Fig. 16) $45 TR
(Fig.17) ol TH 27z (Tableg ),
AOHENIL 2 BETHRLELL, KWT5H
B, 9HH, H#, 15HB, 30HHOIHci»
7. P CHRERERTREED & O FLO MM 2 51

Lymphatico-venous anastomosis

Subclavian vein 2
Azygos vein 4
Inferior vena cava 2
Summary 3

LT, ToRREMOFNER KT 2L, 2H
H, 5SHH, X9 HE LEE L NRITFEY &
b, IR\WTI5AH, 308 AoFciEsrhot. v
FRBARAI30H B X W EfEL & b, “Co rifRSH
TIIERTL 2L A LELT, TBEORER
&oje.
ook, 2HE XA THUTS5H
B, 9HH, B#, 15HH, 30AH &/ i
b, 0BBWRIER &z A LTS ehvot,

3. RSB
LSRR 2 B0, Fs XUB T,
Thi Vv BEoIRREIRD B,
FFCEiFf oo PIREE, v v
DELWIEC BIROIFER S b, BEEAIRY v
FRIC B Xt (Fig. 18). JJF o Ry RIR©
EFIRA U v % X D oEFFIOTAT 5 AL

Table 9.
Gordon’s test
Case
No. % ‘
1 1.6 normal
2 7.0 4days after ligation
3 2.6 9days after ligation
4 2.9 9days after ligation
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Fig. 1-a. Lymphovenous anastomosis. (Semino-
ma). Reticular patterns intermingled with
stippling stains are noticed in the liver. The
thoracic duct is not visualized. 4

Fig. 2. Lymphovenous anastomosis at iliac reg-
ion bilaterally. (vesical cancer). Oily dropl-
ets are recognized in the inferior caval sys-
tem. MAt4= Lymph channels proximal to
the anastomoses are little visualized*

HAREZERE e H20% H15

Fig. 1-b. Lymphovenous anastomosis. (Semino-
ma). The superior mesenteric vein is demo-
nstrated following the injection of contrast
medium into the left iliac lymph vessel at

autopsy, =

Fig. 3-a. Chyluia. (Supine position). Lymph
reflux through the nephrohilar lymphatics
into the intrarenal ones bilaterally. The
ilio-lumbar lymph vessels show dilatation,
tortuosity and increase in number. 1 =

.
ks |
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Fig. 3-b. Chyluria. (Upright position), Niveau
formation in the ililolumbar lymph vessels. =

Fig. 3-c. Chyluria. (Supme posmt:on). Reflux
to the intercostal lymphatics and the supra-
clavicular lymphatics distal to the venous
angle are visualized. 4§ =

Fig. 4-a.  Chyluria. Lymphogram taken two
days later. Reflux to the nephrohilar lymp-
hatics and the intrarenal lymphatics, which
are seen in circular, semicircular or crescent
pattern. = 4= ‘The paraaortic lymp nodes
are increased in number and their outlines

are irregular.

Fig. 4-b. Chyluria. Lymphogram taken seven
days later. No remarkable changes as com-
pared with Fig, 4-a.




26

HARE FHO e 2 M W20k H1 %

i . O8 T
Fig. 4-¢c. Chyluria. (Tomogram). The intrarenal
lymphatics are clearly demonstrated surrou- Fig. 5. Chyluria. The thoracic duct dilated.

nding renal calyces, wp 4=

Stenosis at the venous angle was not reco-
gnized at operation. =

d

Fig. 6-a. Protein-losing gastroenteropathy. Ste-
nosis is observed in the lower portion of the
thoracic duct. = Dilatation, tortuosity and

increase in number of the paraaortic lymph
vessels are seen.

N He RS T

Fig. 6-b. Protein-losing gastroenteropathy. Ra-
diogram taken 18 hours later, Contrast
medium refluxes into the mesenterial lymph-
atics and leaked out in the mesenterium. M

— 26 —
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!luiﬁl\

_,,'AK .
r i

Fig. 7-a. Protein-losing gastroenteropathy. (Con- Fig. 7-b. PI'Otem*bSlr?g. gastroenteropathy., (Cc.;-
strictive [pericarditis). The paraaortic and nstrictive: pericarditis). The thoracic deut is
iliac lymph vessels are slightly dilated with remarkably dilated and tortuous. %,

tortuosity and increase in number.

Fig. 8-a. Lymphogram two days later in a dog
with ligation of the upper thoracic duct. -
A—P view. Remarkable chylous reflux to Fig. 8-b. Lateral view. Lymph reflux into the
the mesenterium, liver and kidneys. = mesenterium, liver and kidneys. 4= 2%
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Fig. 9. Radiogram of the removed mesenteri-
um. The mesenteric lymph nodes and
vessels are stained. 4 4=

Fig. 10. Radiogram of the removed liver.
Reflux to the hepatic lymph nodes and
intrahepatic lymph vessels are revealed. A

Fig. 11. Radiogram of the removed kidneys.
Reflux through the renal hilum to the
intrarenal lymphatics is clearly demonst-

rated 4y
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Fig. 12, Radiogram of the removed stomach.
The lymph vessels and nodes of the pyloric
portion are stained. 4

Fig. 14. Dog with the X-ray irradiation at the
cisterna chyli. Chylous reflux is faintly rec-
ognized. =

Fig. 13. Dog with the injection of turpentine
oil into the retroperitoneal space at the he-
ight of the cisterna chyli. Chylous reflux is
slightly recognized. 4=

_ ol Ih
B & II wr

Fig. 15, Lymphovenous anastomosis. Between
the azygos vein and the;thoracic duct.

— 29 —
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Fig. 16. The paraaortic lymph vessels commun-
icate with the inferior caval vein at the hei-
ght of the kidney. @

A A E SO e e W29k ®18

Fig. 17. Lymphovenous anastomosis at the su-

r*‘w

q

4‘ - 

.

praclavicular venous angle. 4=

Fig. 18. Liver. 1Photom1cmgraph »x 150). Nei
ghbouring area of the portal fissure, many
dilated lymph vessels are seen along the por-
tal vein. (H-E stain). 1 4=

Fig. 19. Liver. (Photomicrograph. x  400).

Leakage of contrast medium out of the
intermediate and peripheral lymph vessels
into the portal vein. (H-E stain). ¢
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Fig. 20. Kidney. (Photomicrograph. x 150).At
The nephrohilar portion, dilated lymph vessels

surrounding renal arteries are recognized.
Contrast medium is seen in the lymph
vessels. (H-E stain). 1%
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Fig. 21. Kidney. (Photomicrograph. 3 400).
At the peripheral portion, it is observed
leakage of contrast medium out of the lym-
phatic space into the urinary tubules. (H-E
stain). 1

E_".l

Bk

6. wﬁﬁﬁkiak%fmu/ﬂﬂwfﬁﬁ
By i R to s, MIRORRE &L Mk
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