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Unsaturation of arterial blood for oxygen in
patients with cirrhosis of the liver was first re-
ported by Snell (1) and has been confirmed in
this laboratory (2). This was found to be as-
sociated with a low partial pressure of oxygen in
arterial blood in the absence of any defect of al-
veolar-capillary diffusion (3). These findings in-
dicated an abnormally large venous admixture,
attributable either to uneven ventilation-perfusion
relationships or to anatomical shunts by-passing
the lungs.
Anastomoses between the portal venous system

and the superior caval system are known to be
prominent in patients with hepatic disease and
portal hypertension. Inasmuch as anastomoses
between the pulmonary veins, bronchial veins, and
azygos veins have also been demonstrated (4-8),
it appeared possible that anastomotic channels be-
tween the portal venous system and the pulmonary
venous system might exist. These, in the pres-
ence of portal hypertension, might lead to admix-
ture of unsaturated portal venous blood to oxy-
genated pulmonary venous blood. This hypothesis
was tested anatomically by means of injection of
the portal venous system in human cadavers.

MATERIAL AND METHODS

In 20 human cadavers, prior to routine post-mortem
examination, the portal vein was injected in situ with a
radiopaque lead-gelatin mass, a modified Schlesinger mix-
ture (9), which does not enter vessels less than 40 A in
diameter. Methyl-green dye was added to the mass, which
was injected under pressure of 7 to 10 cm. Hg. In order
to obtain optimal filling of the vascular tree under study,
the following vessels were ligated (Figure 1): the por-
tal vein at the porta hepatis, the superior and inferior
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mesenteric veins, the splenic vessels, and both venae
cavae at the right atrium. The aorta and the pulmonary
artery were ligated at their point of origin.

After the mass had hardened, the viscera were re-
moved en bloc. In several instances radiograms of the
block were made before dissection. Sketches and color
photographs at successive stages of the dissection per-
mitted subsequent analysis and comparison of the in-
jected vessels.

In general, 400 ml. was the optimal amount of mass.
In five cases (Nos. 1-3, 11, 17) less than 350 ml. of mass
was injected. In Cases 2 and 3 the amount was ade-
quate to fill the portal venous system and the injection
was considered satisfactory, while in three cases (Nos. 1,
11, 17) it failed to fill the portal venous system but could
not be extended for technical reasons. In Case 8, where
death was due to rupture of esophageal varices, the mass
entered the esophagus freely, preventing filling of any
mediastinal collateral channels that may have existed.
The material was divided into three groups (Table I).
Group I consisted of 10 cases of cirrhosis of the liver.

All cases in this group had clinical evidence of hepatic
decompensation and ascites, which exceeded 5 liters in
six cases. Pathologically the patients all had classical
Laennec's cirrhosis except for Case 6 whose liver showed
"healed acute yellow atrophy." This was the only pa-
tient without history of alcoholism.
Group II comprised six cases of heart failure. The

etiology of heart disease is indicated in Table I. Sig-
nificant chronic passive congestion of the liver was pres-
ent in five cases, of which two showed central hemor-
rhagic necrosis of the liver (Nos. 12 and 16) and one
(No. 15) had cardiac cirrhosis: a patient with mitral
stenosis and tricuspid insufficiency who had been in right
heart failure for several years.
Group III included four cases without evidence of

functionally significant hepatic or cardiac disease. The
liver was structurally normal in all cases. Focal myo-
cardial fibrosis was present in Cases 17 and 19, and the
coronary arteries of Case 17 showed some sclerosis.

RESULTS

Group I

In all cases of cirrhosis, peri-esophageal veins
(Figures 2 and 3) were observed to be injected via
the short gastric and coronary veins and extended
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TABLE I

Localization of indicator material after injection into the portal vein

Venous beds injectedt

Esophageal
Amt. Pulm.
mass. Submucosal Azygos Pleuro- veins

Case ini. cm. above Peri- hemi- Medias- Bron- pericar- left
no. Age Sex Diagnoses* ml. cardia esophageal azyg. tinal chial dial atrium

Group I: Cirrhosis
1 72 M Laennec's cirrh. 100 0 + 0 0 0 0 0
2 68 F Laennec's cirrh. 200 ++ 1 ++ 0 0 0 0 0
3 42 M Laennec's cirrh. 200 0 ++ 0 0 0 0 0
4 58 F Laennec's cirrh. 400 ++ 15 ++ ++ ++ + ++ 0
5 64 M Laennec's cirrh. 400 ++ ++ ++ ++ + ++ 0
6 59 M Healed yel. atrophy 400 ++ 4 + + ++ ++ 0 ++ ++
7 24 M Laennec's cirrh. 400 ++ 14 ++ ++ ++ + ++ ++
8 50 M Laennec's cirrh.t 400 + ++ 0 0 0 0 0
9 71 M Laennec's cirrh. 400 ++ 15 ++ ++ ++ + ++ 0
10 55 M Laennec's cirrh. 400 0 ++ ++ ++ 0 ++ 0

Group II: Congestive heart failure
11 83 M Acute myocarditis.

ASHD. 150 0 0 0 0 0 0 0
12 72 F Myocard. infarcts

old and new.
CHN. of liver 400 + 5 + 0 + 0 0 0

13 70 F Massive pulm. em-
boli and infarcts.
ASHD. CPC. of
liver 400 0 + + + + + 0

14 84 M Carcinoma of prost.
ASHD. CPC. of
liver 400 0 + + + 0 0 0

15 42 F RHD. MS. TI.
Cardiac sclerosis
of liver 400 + 15 ++ ++ + 0 + 0

16 77 F ASHD. CHN. of
liver 400 0 ++ ++ ++ + + 0

Group III: Normal liver. No heart disease
17 80 M Bronchopneumonia 150 + 5 0 0 0 0 0 0
18 86 F Cerebral thrombosis 350 + 18 + 0 0 0 0 0
19 63 M Polyarteritis nodosa 400 + 5 + + + 0 + 0
20 54 M Carcinoma of lung 400 + 15 + + 0 0 + 0

* ASHD. = Arteriosclerotic heart disease. CHN. = Central hemorrhagic necrosis. CPC. = Chronic passive con-
gestion. MS. = Mitral stenosis. RHD. = Rheumatic heart disease. TI. = Tricuspid insufficiency.

t 0 = No injection; + = injected; ++ = prominently injected.
t Cause of death: Rupture of esophageal varices. Injection mass in lumen of esophagus and stomach.

above the level of the carina. These veins were
dilated and tortuous. They anastomosed freely
with mediastinal veins and, through these, with
pleuro-pericardial veins and quite prominently
with the azygos and hemi-azygos veins (Figure
3) and through these with the superior vena cava.
This venous network was demonstrated whenever
the amount of injection mass was adequate ex-
cept in Case 8 where the mass entered the
esophagus from ruptured submucosal varices.

In four of the six full injections the posterior
mediastinal veins anastomosed freely with peri-
bronchial venules at the tracheal bifurcation and,

through these, with bronchial veins of the main-
stem bronchi, most prominently about the right
main-stem bronchus. On one occasion (No. 7)
several large mediastinal veins communicated with
the hilus of the right lung, and one was followed
to its termination in a pulmonary vein (Figure 3).

In two of the fully injected specimens (Nos. 6
and 7) the mass was found in the pulmonary veins,
left atrium and left ventricle, While the right ven-
tricle and aorta were free of mass.

Submucosal esophageal veins were found to be
injected in 7 of the 10 cirrhotics. They were di-
lated and tortuous, i.e., varicose, in six of these
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FIG. 1. SCHEMATIC REPRESENTATION OF THE PLAN OF

INJECTION, SHOWING THE PRINCIPAL COLLATERAL CHAN-
NELS IN THE PORTAL, MEDIASTINAL AND PULMONARY
VENOUS BEDS

The heavy straight lines indicate ligatures.
Can., inj ection cannula; Eso., esophagus with peri-

esophageal veins; M.V., mediastinal veins; Br.V., bron-
chial veins; Cor.V., coronary vein; Pul.V., pulmonary
vein; S.V.C., superior vena cava; I.V.C., inferior vena

cava; S.M.V., superior mesenteric vein; I.M.V., inferior
mesenteric vein; Spl.V., splenic vein; Az.V., azygos vein.

(Figure 2), but were poorly filled in the seventh,
who showed a ruptured esophageal varix (No. 8).
These veins showed great variation, extending
from 1 to 15 cm. above the cardia. There was no

predictable relationship between the size or extent
of submucosal esophageal veins and the extent of
peri-esophageal veins. Moreover, gross communi-
cations between the two venous plexuses appeared
sparse and were difficult to demonstrate. Peri-
esophageal veins were often more prominent than
submucosal veins, and were preferentially filled
when the amount of mass injected into the portal
vein was small.

Group II

Submucosal esophageal veins were demon-
strated in only two of the five cases of congestive
heart failure who were injected adequately, while
peri-esophageal veins were demonstrated in all
five, and were dilated and tortuous in two cases
of severe heart failure (Nos. 15 and 16) (Figure
4). Gross anastomotic connections were again
demonstrated between the peri-esophageal veins,
mediastinal veins, and azygos or hemi-azygos veins
(Figure 4). From this venous network, bronchial
venules and pleuro-pericardial venules filled in
some instances. In no instance did injection mass
appear in the pulmonary veins or left atrium.

Group III

In all four of the subjects without hepatic dis-
ease or congestive heart failure submucosal esopha-
geal veins were visualized extending 5 to 18 cm.
upward from the cardia. Peri-esophageal veins
were injected in all except No. 17 in which the
amount of mass delivered was small. In some in-
stances, mediastinal, pleuro-pericardial, and azygos
veins were injected (Figure 5), but these chan-
nels never reached the number or size encountered
in Groups I and II.

DISCUSSION

Anatomical considerations

Injection of a mass, which does not penetrate
capillary networks, has demonstrated anastomoses
of the portal venous bed with the superior vena
cava through peri-esophageal, mediastinal, and
azygos veins. These porto-caval anastomoses
were strikingly more numerous and larger in cases
with presumptive prolonged hypertension in either
the portal venous system or the caval venous sys-
tem. Portal hypertension was associated with the
most prominent anastomotic channels. Small
anastomotic channels between the mediastinal
veins and the bronchial venous system were also
present in some cases. In two cases of portal hy-
pertension, gross anastomoses between the portal
venous system and the pulmonary venous system
were demonstrated. Although such direct com-
munications were not seen- in the remainder of
the present material, they have not been ruled out
by the method used.
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FIG. 2. DEMONSTRATION OF VARICES IN CIRRHOSIS
Case No. 7. Cirrhosis. Mucosal surface of cardia (below) and

esophagus. Submucosal esophageal varices are seen extending
upward from the cardia. The arrows point to large peri-esopha-
geal varices.

While the submucosal esophageal veins have
been mentioned more prominently in the literature,
undoubtedly because of their clinical importance,
the presence of peri-esophageal veins and their
predominance over submucosal veins in some cases
of portal hypertension have been noted by others
(6, 10-13). The present material supports the
view that the peri-esophageal veins represent more
likely paths of porto-caval shunts than the sub-
mucosal veins (12, 13).
Anastomoses between the peri-esophageal veins,

mediastinal veins, bronchial veins and azygos veins
have long been recognized (4, 14, 15), as have
been anastomoses between the pulmonary veins
and the bronchial veins (4, 5, 8). Liebow (8) has

reported a case in which mediastinal vessels com-
municated directly with a pulmonary vein and the
left atrium.

Reports of injections of complete collateral
pathways between the portal and the pulmonary
venous system are fragmentary. Corning (16)
states that gastric veins can be injected from the
pulmonary veins without referring to the original
work. Butler (6) injected India ink into the su-
perior mesenteric vein of three foeti at term; in
two the ink passed from the veins of the stomach
into the subepithelial and submucosal veins of the
lowermost esophagus, but entered the peri-esopha-
geal veins to a much higher level, reaching the
posterior bronchial veins and the azygos veins.
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More recently, Schoenmackers and Vieten (13)
have published post-mortem portal angiograms of
a case of cirrhosis which demonstrate passage of
injection mass into pulmonary veins and left
atrium, presumably by way of mediastinal veins.
Their angiograms resemble radiograms taken of
Case 7 in the present series. Blackburn (17)
demonstrated a large porto-pulmonary venous
anastomosis in a case of extrahepatic portal venous
obstruction with portal hypertension and left ven-
tricular hypertrophy and failure, which he at-
tributed to a large porto-pulmonary shunt.
Major anomalous connections between the pul-

monary venous system and the portal vein have
been reported (18), but appear rare and have usu-
ally been associated with other cardiovascular
anomalies and attributed to persistence of one or
more of the primitive connections between the pul-
monary and splanchnic systems of veins.
The fact that anastomotic connections have been

demonstrated between the portal venous system
and the superior caval system and between the
latter and the pulmonary veins in essentially nor-
mal individuals suggests that the increased promi-
nence of such anastomoses in disease represents
a widening of pre-existing anastomotic channels.

FIG. 3. COMMUNICATION BETWEEN ESOPHAGEAL AND AzYGos
VEINS IN CIRRHOSIS

Case No. 7. Cirrhosis. Mediastinum and posterior aspect of
esophagus with prominent peri-esophageal and mediastinal veins
draining into the large azygos vein (retracted to the left). A
piece of paper (on the right) identifies a vein connecting the medi-
astinal plexus to a right pulmonary vein.
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FIG. 4. DILATED PERI-ESOPHAGEAL VEINS IN CONGESTIVE FAILURE
Case No. 14. Congestive heart failure. Posterior mediastinum

and esophagus (retracted to the left) with injected peri-esophageal
and mediastinal veins.

Such channels should be demonstrable more fre-
quently with suitable modification of injection
technique including further limitation of the vas-
cular bed and direct injection into the mediastinal
veins or the left atrium.

Physiological considerations

Anatomical demonstration of collateral vascu-
lar channels by means of post-mortem injection
does not necessarily prove that such pathways are
ever functional, nor does it yield any information
about the direction of possible blood flow. Ac-
cording to Butler (6) peri-esophageal veins are
without valves, except at their entry into the azy-
gos vein. Valves also have been demonstrated in

the azygos vein at its entry into the superior vena
cava. No valves are known to exist in mediastinal
and bronchial veins, or in pulmonary veins. With
the reservation that nothing is known about pos-
sible veno-motor activity in this region, consider-
ation may now be given to the relative pressure
relationships in the three venous beds concerned:
the superior caval, the portal, and the pulmonary.
Normally, the mean pressures in the pulmonary
venous and portal venous systems are about equal
(19, 20). Collateral flow is therefore unlikely al-
though not impossible, since significant differences
in pressure might arise during the respiratory
cycle. While pulmonary venous pressure de-
creases with inspiration, McMichael (21) has
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shown that in the cat portal venous pressure rises
with inspiration.

In patients with cirrhosis of the liver and por-
tal hypertension, portal venous pressures have
been found to range from 16 to 35 mm. Hg, with
an average of 22 mm. Hg (20). Assuming nor-
mal pulmonary venous pressure in such patients,
a porto-pulmonary shunt is conceivable, especially
if an increase in caval venous pressure should
develop.

In patients with mitral stenosis or with left
heart failure due to aortic valvular lesions, cathe-
terization of the left heart has shown that pul-
monary venous pressure may reach values com-
parable to those prevailing in the portal vein in

cirrhosis (22). In such patients pulmo-caval and
pulmo-portal shunts may conceivably exist.
The pressure in the pulmonary venous bed is

probably higher than the pressure in the intra-
thoracic superior caval bed throughout most of the
respiratory cycle (23). This relationship should
favor drainage of the bronchial veins into the
azygos system; yet the bronchial veins are gen-
erally thought to drain mainly into the pulmonary
veins (24). However, in patients with mitral
stenosis and pulmonary venous hypertension, Fer-
guson, Kobilak and Deitrick (25) found submu-
cosal bronchial veins dilated and postulated, that
blood flow might be reversed, the bronchial ve-
nous system acting in effect to decompress the

FIG. 5. VEINS OF THE NORMAL POSTERIOR MEDIASTINUM
Case No. 19. Normal liver. No heart disease. Posterior medi-

astinal dissection showing injected veins between the esophagus
(right) and the aorta (left).
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over-distended pulmonary venous system into the
superior caval system.

Anastomotic pathways between the portal ve-
nous system and the pulmonary venous system
have been demonstrated in patients with cirrhosis.
With the pressure gradients known to exist be-
tween these two vascular beds, the venous ad-
mixture responsible for the unsaturation of ar-
terial blood in these patients (3) may be due, at
least in part, to porto-pulmonary shunts. Such
shunts could account for the otherwise unexplained
finding of Faloon, Auchincloss, Eich and Gilbert
(26) that the ammonia level of arterial blood may
exceed that of mixed venous blood in cirrhotic
patients. They may possibly play a role in meta-
static spread of infection or tumor. Further physi-
ological implications will be discussed elsewhere
(3).

Clinical considerations

The variability in presence and degree of
esophageal varices in individual cirrhotic patients
has led to much speculation. The present ma-
terial suggests that the anatomical variation in
the esophageal venous pattern determines the lo-
cation and extent of varices in any given case.
The prominence of submucosal esophageal veins

in two patients with heart failure is of interest
in view of the clinical (27) and pathological (28)
demonstration of esophageal varices in patients
with heart failure. Increased right atrial and
caval pressure in right heart failure is accompanied
by an increase in portal venous pressure to or
slightly above the level of right atrial pressure
(29, 30). Thus it is not surprising that collateral
channels between the portal and caval systems may
be dilated. The direction of blood flow, if any,
remains in the realm of speculation. It also re-
mains a matter of conjecture whether the pathways
discussed would permit blood to flow from the
caval into the pulmonary venous system in pure
right heart failure.
While prominence of the roentgenographic

shadow of the azygos vein has been noted re-
peatedly in patients with congestive heart failure
(31-33), only one report of prominence of this
shadow in patients with portal hypertension (34)
has come to the attention of the present authors.
In 11 of the present cases, chest roentgenograms

taken during life were available and technically
satisfactory for review. In five cases of cirrhosis
(Nos. 2, 4, 7, 8 and 10) and in four cases of con-
gestive heart failure (Nos. 11, 13, 15 and 16) the
shadow of the azygos vein was enlarged accord-
ing to the criteria of Fleischner and Udis (33);
it was normal in two of the control cases (Nos. 17
and 20). Enlargement of the azygos vein presum-
ably reflects caval venous hypertension, increased
blood volume, or increased azygos flow from portal
venous collaterals. Thus roentgenographic dem-
onstration of an enlarged azygos vein may have
clinical value.

SUMMARY

In order to study thoracic anastomoses of the
portal venous system, the portal vein was injected
in 20 human cadavers, including 10 with advanced
cirrhosis of the liver and six with congestive heart
failure.

In all cases of cirrhosis, thoracic porto-caval
anastomoses were very prominent: the short gas-
tric and coronary veins anastomosed with both the
submucosal esophageal and peri-esophageal venous
plexi. Although the submucosal esophageal veins
were generally varicose, they showed great varia-
tion in their extent above the cardia. The peri-
esophageal plexus, on the other hand, was con-
sistently dilated and anastomosed freely with medi-
astinal, pleuro-pericardial and azygos veins. In
four cirrhotics the mediastinal venous plexus
showed anastomoses with bronchial veins, and in
two cases injected material was present in the
pulmonary veins and in the left atrium. Thus both
porto-caval and porto-pulmonary anastomoses may
exist in cirrhosis with portal hypertension.

Similar venous pathways were demonstrated in
six cases of heart failure and in four cases having
neither cirrhosis nor heart failure, but they were
generally less prominent and the pulmonary veins
did not fill with mass in these cases.

It is concluded that, in addition to the recog-
nized porto-caval anastomoses, porto-pulmonary
anastomoses may exist. When the pressure gradi-
ent between portal and pulmonary veins becomes
significant, it is conceivable that these anasto-
moses may act as porto-pulmonary shunts, by-
passing the lungs and reducing the oxygen satu-
ration of arterial blood.
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