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Warren and Drinker measured lymph flow 
from the lungs of dogs and demonstrated 
that pulmonary lymph flows principally to 
the right lymphatic duct (1) .  The anatomy 
of the right duct is frequently so variable and 
the channels are often so small that cannula- 
tion may be impossible(2). Studies of the 
right duct have been limited due to the tech- 
nical problems encountered( 3)  ; however, it 
has been possible to develop a method for 
collecting right duct lymph in anesthetized 
dogs(4,S). In this paper is presented a modi- 
fication of the method of right duct lymph 
previously described in this laboratory, which 
allows serial collection of lymph in the unan- 
esthetized dog. This technic should be valu- 
able in later studies to determine the temporal 
changes in lymph flow that may occur during 
development of heart failure. 

Methods. Five dogs were anesthetized 
with pentobarbital sodium, (29 mg/kg) and 
given 3 to 5 ml of 2 7 0  Evans Blue dye (T- 
1824) intratracheally. Respirations were 
maintained by intermittent positive pressure. 
The right external jugular vein was exposed 
and a inch segment of that portion which 
contained the entrance of the right lymphatic 
channels was isolated with umbilical tape liga- 
tures. Venous tributaries leading into the 
segment also were ligated. The cephalad end 
of the isolated vein was cut and fitted over a 
smalI polyethylene cannula. After the resid- 
ual blood was aspirated, the skin incision was 
closed and the lymph flowing into the venous 
segment was collected. Thus, by this surgi- 
cal manipulation, a portion of the vein was 
made to serve as a fistula for serial collection 
of right duct lymph (Fig. 1 ) .  Intramuscular 
lipo-heparin, 100 mg, and 600,000 units of 
penicillin were given daily to prevent clotting 

* Aided by grants from San Francisco Tuberculosis 
Assn. and Nat. Heart Inst., N.I.H., and William C. 
Voorsanger Fellowship Fund. 

of lymph and infection. With this technic, it 
was possible to obtain flows in the unanesthe- 
tized animal. These lymph flows were meas- 
ured for 2 successive postoperative days a t  
15  min intervals from the polyethylene can- 
nula for 1 to 2% hours, 

Results. Right duct lymph flows and pro- 
tein concentration were obtained in 5 dogs 
a t  time of operation and on one or 2 succes- 
sive days postoperatively in the unanesthe- 
tized dogs (Table I). There was no signifi- 
cant change in right duct lymph flow or right 
duct protein concentration. After the second 
day, thrombus formation occurred in the jug- 
ular collecting channel despite the daily in- 
tramuscular administration of heparin. Other 
methods are being explored to prevent this 
clotting and permit longer periods of study. 

Discussion. Using the “chamber method” 
of lymph collection(4,5), i t  was possible to 
readily obtain studies of lymph flow in vari- 
ous physiologic and pathologic states( 6,7). 
The “chamber method’’ consists of inserting a 
3 inch long tube into the right external jugu- 
lar vein in the vicinity of the entrance of the 
lymphatic vessels, and securing the tubing a t  
either end to create an artificial chamber be- 
tween the vein wall and outside of the tube. 
Cannulation of the artificial chamber allowed 
collection of right duct lymph, and eliminated 
the tedious and often impossible task of can- 
nulating the individual minute lymphatics. 

RT. EX- 
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TABLE I. Right Duct Lymph Flow and Protein Concentration in Anesthetized and Unaneu- 
thetizcd States (1st and 2nd day P.O.). 

Right. duct flow (m1/15 min) Right duct protein (g/lOO ml) 
Anesthetized Unanesthetized Anesthetized Unanesthetized 

At  1st  day 2nd day At 1st day 2nd day 
Dog No. operation P.O. P.O. operation P.O. P.O. 

- 779 1.4 1.0 __ 2.70 
780 1.7 1.9 .6 2.13 2.66 2.64 
790 2.5 2.2 2.3 3.48 2.45 3.16 
792 1.1 2.8 2.0 2.70 2.44 3.00 
809 1.1 3.1 1.7 3.60 2.63 2.20 

Avg 1.6 2.2 1.7 3.98 2.58 2.75 

- 

__ - - -_ - - 

Unfortunately , mu1 tiple lymph collections 
could not be made on successive days, hence 
many important studies on continuous lymph 
flows in chronic states could not be made. 
One principal problem was that in the unan- 
esthetized animal, movement of the right 
shoulder caused the large plastic tube to erode 
from the external jugular vein. To overcome 
this problem, and obtain flows in the unanes- 
thetized dog, the external jugular vein was 
altered so as to form a collecting channel for 
right lymphatic outflow. 

Drinker found that the average lymph flow 
was 1.1 ml per hour. However, this was a 
flow from only one of several lymphatics( 1) .  
Courtice found right duct flow to be 2.3 ml 
per hour (8). Using the “chamber” technic, 
the mean right duct flow was 4.2 ml per hr 
( 5 ) .  In this study, the mean right duct flow 

Suinmary. A method of right duct lymph 
collection from a jugular venous collecting 
channel which may be used in the unanesthe- 
tized animal has been described. There was 
little evidence of a significant change in right 
duct lymph flow or right duct protein concen- 
tration in anesthetized and unanesthetized 
animals. 
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Proteinuria has been reported following ex- 
ercise and during radical changes in body pos- 
ture( 1 ) . Winton( 2 )  also noted its presence 

in some instances in the isolated perfused kid- 
ney following limited elevation of renal ve- 
nous pressure. Several explanations of this 




