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N THE course of experiments designed to explore the possibility of creating I a venous shunt between the systemic and pulmonary venous systems, it be- 
came desirable to utilize the,proximal end of a divided pulmonary vein to one 
lobe in an end-to-end anastomosis. Thii would necessitate ligation of the distal 
end of the divided pulmonary vein to the lobe and would, in effect; be exactly 
equivalent to simple ligation of the pulmonw vein in so far as subsequent 
changes in the lobe itself are concerned. We wished to know, therefore, what 
changes in a pulmonary lobe are to be expected following simple venous liga- 
tion. In  turning to the literature for the answer to this problem, we were 

from the upper lobe of the right lung and the subsequent pathologic 
in the lobe were observed at different time intervals following operati 

REVIEW OF THE LITERATURE 

Interest in pulmonary vein ligation first arose because it sugge 

published in 1911, has been offered as evidence that advanced pulmonary fibrosis 
is,the end result of pulmonary vein ligation. However, in reviewing this study, 
it was apparent that Tiegel was not attempting complete venous ligation. He 

( described placing silver wire rings around the pulmonary veins of rabbits and 
dogs to partially obstruct their lumina. In  animals which survived, this was 
followed by an immediate intense engorgement of the pulmonary capillaries, 
accompanied by pulmonary hemorrhage. After weeks or months, firm pleural 
adhesions were found conJaining many blood vessels, and there wi19 thickening 
of the pleura and alveolar septa. The lobes were said to be smaller, paler, and 
firmer than the normal lobes on the opposite side. In  only two of his animals 
was complete ligation performed, and he noted that in many of the lungs 
histologic changes were minimal. Kawamura* confined his studies in rabbits 
to ligation of the pulmonary artery to the left lower lobe. I n  1923, Schlaepfer3 
reported on the clinicopathologic aspects of - air embolism following minor or 
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developed through parietovisceral adhesions and through enlargement 
bronchial veins. This author's s 
pullnonary arterial ligation.*. 

We believe that the first c 
were those reported by KerschneP in 1931. Four p 
cAvvities in the upper lobes upderwent this operative procedure 
encouraging but mt spectacular clinical results. No pathologic 
available a t  the time of the report. In  1932 appeared the careful ex 
studies of Mathes' and co-workers on the bronchial, pulmonary, 
circulations of the lung under various experimentally produced 
&ions. Among other conditiohs investigated, complet 
monary vein to one lobe of the lung was usnally, alth 
lowed by death of the animal in four or  five days. 
found to be filled with a thin blood-stained effusion 
firm, and of a deep red, liverlike consistency. The broach 
normal; the pulmonary artery was injected poorly w 
sf peripheral venous congestion. The number of animal8 us 
ilar lobe whose vein wae ligated were not stated. 

3 'Shaughnessy,* in 1935, published three clinical cases with 
\he report of Tiegel as experimental background. His pat 
lowed less than one year, and no pathologic observations w 
the same yea;r, ValkBnyie reported on three experiment 
with pulmonary vein ligation. He tied the vein to the upp 
3f the lung in three dogs. 
ahanges seen three to five weeks postoperatively were 
JArmay. 
Microscopically confluent areas of fibrosis were seen; the pleura was thickened, 
the alveoli were smaller and contained hemosiderin-laden phagocytes. Of the 
five patients with tuberculous cavities, one died postoperatively, two were un- 
improved, and two demonstrated moderate healing. 

The study reported in 1938 by Ameuille'O and his co-workers was concerned 
chiefly with the development of collateral venous channels following pulmonary 
vein ligation. Ten dogs were operated upon transpleurally. Six died in the im- 
mediate postoperative period. The remaining four were sac&ficed at six weeks, 
four months, six months, and seven and one-half months, respectively. The 
pulmonary vessels were studied by injection, Firm vascular adhesions develop- 
ing at the operative site and between the pleura and the chest wall contained 
enlarged collateral venous channels. There was no change in the pulmonary 
artery, but the bronchial artery and the artery of the pulmonary ligament 
seemed slightly enlarged. No description of the tissue changes found in the 
lung was given. 

I n  his description of a two-stage operation for pneumonectomy in 1938, 
Rienhoff" states that if the pulmonary veins were ligated in the first stage, 
wet gangrene supervened. The observations which formed the basis for this 
statement were not described. 
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Micros& Exam 
7 and 8). The pleura waa thickened with a chronic suppurative fibrotic reaction. Many 
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capillaries, and the still intact bronchial tree is able to admit air tor  the re- 
expansion of the lobe. The atelectatic areas then largely disappear, the re- 
expansion beginning first at the periphery of the lobe and then extending 
centrally. The granulation tissue within the alveoli, alveolar ducts, and bron- 
chioles is either resorbed or incorporated into the interstitial fibrous connective 
tissue. 

The final result after three or four months is a lobe at least 80 per cent 
re-expanded and- apparently functioning with residual vascularized pleural 
adhesions and focal interstitial fibrosis and hemosiderosis. The thrombi in the 
proximal ends of the severed veins to the lobe become organized and the veins 
are recanalized to different degrees. 

SUMM 

1. The pathol in the T 
healthy dogs observed at  increasing in 
of the pulmonary veins to that lobe are described. 

2. Healthy dogs may survive indefinitely following ligation of the veins 
1, single lobe, but ligation of the veins to the entire lung in two animals was 

fawl. 
3. deam 01 pulmonary tissue following venous iiga- 

tion. The primary reaction is severe pulmonary engorgement and hemorrhage. 
Gradually, in a period of abput four months, this hemorrhage is resolved, the 
accompanying intraluminal and interstitial fibrous reaction is absorbed, and 
with the development of collateral venous channels through adhesions, the 
lung returns toward normal, approaching full functional activity. 

The authors wish to express their‘ appreciation of the excellent technical assistance of 
Dr. Charles Monroe. 
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