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CirrHOTIC alterations in the hepatic ve-  zation previously described by Warren and
nous system were recognized over a cen-  Brannon.®® The clinical diagnostic possi-
tury ago.” The anatomic significance of  bilities of this procedure were recognized
these changes has been repeatedly empha-  early by Tori ?* and by Celis and his asso-
sized,*» 1» 119, 20 and the marked contrac-  ciates,® although neither of these authors
tion of the hepatic venous bed in cirrhosis ~ studied cirrhotic patients. Interest in the
has been well documented.* - * The dem-  radiologic visualization of the hepatic veins
onstrated physiologic importance of sinu-  has spawned a great variety of technics in-
soidal hypertension *? has led to increasing  cluding the use of single and double bal-

acceptance of the concept of “outflow ob-  loon occlusion of the inferior vena cava,®
struction” as the basic pathophysiologic 18 23 29 increased intrabronchial pressure to
mechanism of portal hypertension in cir-  force contrast material into the hepatic
rhosis of the liver. veins,'”» 1® intravenous carbon dioxide in-

Hepatic venous angiography was first  jection,® and the direct percutaneous trans-
proposed by Rappaport in 1951,°> based  hepatic introduction of contrast mate-
upon the technic of hepatic vein catheteri-  rial.*% 22 The wedged hepatic venous angio-
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phy, only Britton and his colleagues have
systematically evaluated the in vivo changes
in the hepatic venous system associated
with cirrhosis of the liver.!» 3

During the hemodynamic assessment of
patients with portal hypertension hepatic
vein catheterization has been a routine pro-
cedure, and it soon became apparent that
hepatic venous angiography was a useful
additional study. We have performed 84
such angiograms in patients with portal
hypertension secondary to cirrhosis of the
liver. A large amount of additional infor-
mation has been accumulated on these pa-
tients and programmed for computer analy-
sis. It is proposed to describe the progres-
sive alterations of the hepatic veins in cir-
rhosis, and then to correlate these anatomic
changes with other clinical, physiological
and biochemical parameters of the disease.

Methods

The technic of hepatic vein catheteriza-
tion is essentially that of Taylor and
Myers,?¢ and the free hepatic venous angio-
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Fic. 1. Wedged he-
patic venous angiogram.
Early cirrhosis.

Fic. 2. Wedged he-
patic venous angiogram
showing marked portal
vein filling.

Fic. 3. Wedged he-
patic venous angiogram
showing reversed flow in
the portal vein.

grams are obtained in the fashion described
by Tori.?® A 100 cm. end-hole cardiac cath-
eter, size 6F to 8F, is introduced into a
suitable median basilic or brachial vein
through a cut-down in the right antecubital
tossa. This catheter is passed under fluoro-
scopic control through the right atrium to
the inferior vena cava and thence into as
many different sites in the right and left
hepatic veins as can be entered. After ob-
taining appropriate pressures and blood
samples, the catheter is placed in a wedged
position, usually in a right hepatic vein,
and this position is checked by pressure
tracings and by injection of contrast me-
dium. A wedged hepatic venous angiogram
is then performed by injecting 10 ml. of 35
per cent Renovist by hand injection. Serial
anteroposterior films are made with an
Elema-Schonander rapid cassette changer
at two per second for 5 seconds, starting
when the injection is almost complete. The
end-hole catheter is then replaced with an
angiographic catheter with terminal side
holes. This catheter is placed in a free posi-
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tion, usually in a right hepatic vein, and 25
ml. of the same contrast material is injected
at 650 p.s.i. with a pressure injector. Serial
anteroposterior films are again obtained at
two per second for 5 seconds, commencing
at the start of the injection. In patients with
severely truncated hepatic veins pressure
injection causes dislodgement of the cathe-
ter, and in these cases the pressure is either
reduced or the contrast material is injected
by hand.

Results of Wedged Angiograms

Wedged hepatic venous angiograms were
performed in 83 of these 84 studies. They
were assessed primarily as to the presence
and degree of portal vein filling, although
it was possible to evaluate the extent and
normality of sinusoidal filling and the oc-
currence of fine nodularity of the small he-
patic veins. Figure 1 is an example of an
early cirrhotic wedged angiogram, nearly
normal, with a lobular pattern of sinusoidal
filling, evidence of moderate opacification
of the portal vein, and some fine nodularity
of the hepatic venous radicles.

Portal vein filling was demonstrated in
20 instances, and was occasionally quite
marked (Fig. 2). An attempt was made to
correlate the extent of portal vein filling
with the severity of the cirrhotic process.
Among six phlebograms in patients with
only fatty metamorphosis, the portal vein
was visualized in four and was extensively
opacified in one. On the other hand,
whereas the portal vein was demonstrated

F1c. 4. Free hepatic
venous angiogram. Nor-
mal. Stage 1.
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nine times among 31 angiograms with mod-
erately advanced disease, in six cases of
far-advanced cirrhosis the portal vein was
never visualized. Extensive portal vein fill-
ing occurred in three early cases and in no
advanced cases. Reversal of flow in the
portal vein was noted in only one patient
in the entire group (Fig. 3), and this pa-
tient had moderately early cirrhosis.

Results of Free Angiograms

The major thrust of this investigation is
the anatomic classification of the stages of
cirrhosis of the liver on the basis of changes
in the free hepatic venous angiogram. The
normal hepatic venogram (Fig. 4) shows
smoothly tapered hepatic veins with regu-
lar branches such that at least fifth order
branching is demonstrated. The major
trunks subdivide in an orderly progressive
fashion peripherally, and there are addi-
tional small branches arising directly from
the main veins. Under the conditions of
pressure injection, sinusoidal filling is regu-
larly observed as a delicate lacework sur-
rounding the venules. No irregularities of
the vein walls are noted. Such a normal
free hepatic venous angiogram is classified
as Stage I, and four fell in this category.

In the presence of cirrhosis the hepatic
veins undergo progressive alterations com-
mensurate with the degree of scarring and
the extent of regeneration. In our interpre-
tation of the venous angiogram four fea-
tures of this process have been graded
qualitatively on a 0 to 3+ basis: loss of




472 SMITH, WESTGAARD AND BJORN-HANSEN

branching, loss of tapering, loss of sinu-
soidal filling and fine nodularity or scal-
loping of the small venous radicles. The
loss of branching, tapering and sinusoidal
filling is taken as evidence of progressive
scarring, and the nodularity is indicative
of hepatic regeneration. For every angio-
gram each of these characteristics has been
graded, key-punched and transferred to
magnetic tape for computer alialysis. On
the basis of increasing evidence of scar-
ring and decreasing evidence of regenera-
tion, it has been possible to distinguish four
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Fic. 5. Free hepatic
venous angiogram. Stage
1I.

progressive stages of hepatic venous patho-
logic changes in cirrhosis.

Stage II angiograms (Fig. 5) show mini-
mal loss of tapering and branching, sinu-
soidal filling is often normal, and the pres-
ence of fine nodularity varies from none to
extensive. There were 33 venograms in this
stage. In Stage III (Fig. 6) there is clear-
cut loss of branching, tapering and sinu-
soidal filling with, again, variable degrees
of nodularity. At Stage IV (Fig. 7) branch-
ing and tapering are severely curtailed,
sinusoidal filling may still be present and

Fic. 6. Free hepatic
vIeInous angiogram. Stage
III.
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nodularity, if demonstrated, is minimal.
Twenty angiograms fell into each of these
two stages. Stage V (Fig. 8) is the end-
stage with almost complete obliteration of
the hepatic venous system, no sinusoidal
filling and no nodular regeneration. This
stage can be so far advanced that one won-
ders how hepatic venous flow is main-
tained at all (Fig. 9). There were seven
phlebograms in this group.

In addition to the basic staging, several
other features of the free hepatic venous
angiogram were noted. Large, coarse in-
dentations of the major venous trunks were
occasionally observed and, when present,
were associated with postnecrotic cirrhosis.
On rare occasions hepatic venous collateral
circulation was seen (Fig. 10). This usually
occurs in relatively normal angiograms and
is important primarily because it must be
distinguished from portal vein filling. Even
very early venous changes can be detected,
since among six patients with fatty meta-
morphosis alone four of the angiograms
were classified as Stage II and only two
were normal. Finally, in eleven patients the
creation of a side-to-side portocaval shunt
made it possible to obtain simultaneous he-
patic and portal venous angiograms by di-
rect catheterization. The contrast between
the two systems may be quite striking (Fig.
11), and confirms the widespread observa-
tion that cirrhosis causes severe alterations
in the hepatic veins before significantly af-
fecting the portal veins.

Angiographic Correlations

The anatomic changes in these angio-
grams are quite convincing, but it remains
to correlate these changes with other fea-
tures of the cirrhotic process. Because of
a ready analogy to the Budd-Chiari syn-
drome, one might predict an association
with the presence and severity of clinical
ascites. In this series (Table 1) ascites was
present in 51 per cent of Stage I and Stage
IT angiograms and only 30 per cent of those
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Fic. 7. Free hepatic venous angiogram. Stage IV.

classified as Stage IV and Stage V. Fur-
thermore, it was severe in 24 per cent of
the former and only 4 per cent of the latter.
These differences are statistically signifi-
cant. However, hepatic venous obstruction
by regenerating nodules is a feature of this
problem since among 39 patients with as-
cites 13 had 2+ or 3+ nodularity and only
four had none, whereas in 45 patients with
no ascites only eight had greater than 1+
nodularity and 16 had none.

The other commonly accepted clinical
manifestations of severe cirrhosis are esoph-
ageal varices, encephalopathy, a shrunken
scarred liver and jaundice. The presence of
varices was assessed by x-ray of barium
swallow, splenoportogram and esophagos-
copy (Table 2) and their severity was de-
termined by the splenoportogram. It ap-
pears that there is no difference among the
stages in the severity of the varices, but
that they are perhaps more frequently ab-
sent in the early stages. Encephalopathy
was gauged by impaired mentation, aste-
rixis and coma (Table 3). In late-stage pa-
tients it was present in 60 per cent and
severe in 19 per cent, whereas in the early
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stages it was present in 38 per cent and
severe in only eight per cent. These differ-
ences are statistically significant. Size of the
liver was estimated by physical examina-
tion and by hepatic scan (Table 4). While
there is overlap between the mildly en-
larged, normal and mildly shrunken livers,
marked_enlargement is considerably more
common in the early stages and severe scar-
ring is confined to Stages IV and V. Jaun-
dice was estimated clinically and measured
as total serum bilirubin (Table 5). On
clinical grounds there are no real differ-
ences, and indeed two severe cases oc-
curred in early stages in patients with acute
alcoholic hepatitis. Total serum bilirubin
appears to be more frequently and mark-
edly elevated in the late stages, but even
these differences are not statistically
significant.

Among biochemical parameters, the pro-
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Fic. 8. Free hepatic
{"enous angiogram. Stage

thrombin time, alkaline phosphatase and
serum albumin have been correlated with
the angiographic stages. Prothrombin time
was normal in 59 per cent of the early
stages and in only 30 per cent of the late
stages, with a mean prothrombin time of
12.9 = 0.4 seconds in Stage I and 15.6 = 0.7
seconds in Stage V. Alkaline phosphatase
showed less marked differences, being nor-
mal in 41 per cent of Stages I and II and
in 22 per cent of Stages IV and V. The
mean values were essentially the same in
both groups. Serum albumin was less than
3.0 Gm./100 ml. in 36 per cent of the early
cases and in 48 per cent of the late ones.
The mean serum albumin was 3.3 = 0.5
Gm./100 ml. in Stage I as compared with
2.8 =02 Gm./100 ml. in Stage V.
Hemodynamic parameters were evalu-
ated, including splenic pulp pressure,
wedged hepatic vein pressure, free portal

Frc. 9. Free hepatic
venous angiogram. Stage
V. Very far advanced.
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Fic. 10. Free hepatic
venous angiogram show-
ing hepatic venous col-
lateral circulation.

pressure, maximum perfusion pressure,
measured portal blood flow and estimated
total liver blood flow. No correlation was
found between the angiographic stages and
splenic pulp pressure, wedged hepatic vein
pressure or free portal pressure. Maximum
perfusion pressure fell from a mean of 294
mm. saline in Stages I and II to 169 mm.
saline in Stages IV and V. There were no
differences among the stages in measured
portal blood flow. Total hepatic blood flow,
as estimated by the radioactive colloidal
gold technic, was significantly depressed in
the late stages (Table 6). The mean esti-
mated hepatic blood flow in Stage I was
17.5 = 2.8 per cent as compared with a
mean of 9.7 = 1.7 per cent in Stage V.
Finally the prognosis in early and mild
cirrhosis should certainly be better than it
is in the later stages, both as regards surgi-
cal survival and as regards the appearance
of late complications of the cirrhotic pro-
cess. The survival among 24 patients under-
going either portacaval shunt or splenec-
tomy and coronary vein ligation has been
compared in Table 7, and it appears that
the operative mortality is greater in the
late stages with, in fact, a 50 per cent mor-
tality in Stage IV. No patients in Stage V
were considered suitable surgical candi-
dates. Fourteen of the 16 surgical survivors
have been re-evaluated and their follow-up
(Table 8) reveals a greater incidence of
encephalopathy, jaundice and late death in
the advanced stages, although the inci-
dence of hemorrhage and ascites was the
same in all groups. Twenty-four patients
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who were managed medically had subse-
quent re-evaluation (Table 9). Among
them the late mortality was greater in the
late stages, but the occurrence of encepha-
lopathy, hemorrhage, jaundice and ascites
was roughly equal at all stages. Asterixis
and coma, however, occurred exclusively in
Stages IV and V.

Discussion

Our results with the wedged hepatic ve-
nous angiograms are somewhat at variance
with those reported by others. There is dis-
agreement as to whether portal vein filling

1

Fic. 11. Portal venous angiogram (Top) and
epatic venous angiogram (Bottom) showing con-
trast between these two venous systems in cirrhosis.
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TasLE 1. Correlation of Presence and Severity of
Clinical Ascites with the Angiographic Stages

Stage None Mild  Moderate Severe
I 4) 0 0 0
o 1 4j49% 6} 16% 4} 119, 91\ 249,
III1 8 1 6 5
Iv 12 1n 6) 11 4%
v 7}70% 0j4%  of%2% of

is more prominent in patients with normal
livers or in the presence of severe cirrho-
sis.2, 5, 9, 12, 23, 24, 25, 34, 35 Since portal to he_
patic: venous shunts have been demon-
strated in this disease,® 2% it seems rea-
sonable to predict that portal venous
filling will be more marked as the cirrhotic
process progresses. Indeed Warren and his
associates have staged lesions on this
basis.>* However, in our experience the
portal vein was visualized most frequently
among patients with early disease, and it
was never seen either in patients with nor-
mal livers or in those with far-advanced
cirrhosis.

It has further been stated that reversal
of flow in the portal vein can be demon-
strated in the wedged hepatic venous an-
giogram.®* 35 If reversal of flow is present,
it should be demonstrable at the time of
operation both by direct flow measurement
and by maximum perfusion pressure.?* This
latter pressure is the difference between
mesenteric occluded and hepatic occluded
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portal pressure, and represents the pres-
sure head driving portal blood into the
liver. Maximum perfusion pressure should
be negative if portal blood flow is reversed.
Yet in our one patient with reversal of flow
in the angiogram a hepatopetal portal
blood flow of 480 ml./min. was measured
at operation, and the maximum perfusion
pressure was 240 mm. of saline. Two other
patients did have a negative maximum per-
fusion pressure, and one of these had re-
versed portal flow by direct measurement
as well, yet neither had reversal of flow
demonstrated in the wedged venogram,
and one of them had no portal vein filling
whatsoever in two preoperative angio-
grams. Finally eleven patients had wedged
hepatic venograms after side-to-side porta-
caval shunts. Such a procedure probably
invariably results in reversal of flow in the
hepatic limb of the portal vein,*® yet none
of these patients demonstrated such re-
versal in postoperative phlebograms. From
this experience we must conclude that the
demonstration of reversed portal vein
flow in the wedged hepatic venous angio-
gram is a rare phenomenon of dubious
significance.

The anatomic features of the free hepatic
venous angiogram have been well de-
scribed in the past. Others have also iden-
tified loss of branching, tapering and sinu-
soidal filling with progressive scarring, > ¢
2%, 24,30 and nodularity with hepatic regen-
eration.> 1* Although the details vary, both

TaBLE 2. Correlation of presence and Severity of Esophageal Varices with the Angiographic Stages,
Presence Determined by Any Combination of Barium Swallow, Splenoportogram and
Esophagoscopy. Severity Determined by Splenoportogram. Patients

with a Portacaval Shunt Excluded
Stage Present Absent Mild Moderate Severe
I 2 1n 0 1 0
o 16}58% 12142% 1}7% 7J 57% 5}36%
111 13 5 5 4 4
v 11 5) 10 5 3
v 1f67% 1}33% — 119, _}56% — 33%
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Britton 2 and Doehner ¢ staged the changes
in the hepatic venogram and found, as we
did, that these stages correlate with the
severity of the cirrhotic process. There is
some disagreement as to the early phases,
since we found angiographic changes in the
presence of fatty metamorphosis alone, as
did Hales,® but others could demonstrate
no venographic changes in this early stage
of the disease.® ** We concur that a defini-
tive venographic distinction cannot be
made between nutritional and postnecrotic
cirrhosis,’> ** but large course nodules,
when present, signify the postnecrotic
type.'? ** There is general agreement that
major anatomic aberrations occur in the
hepatic veins before there are significant
changes in the portal veins.? 1% 19 2
Clinical, biochemical and hemodynamic
correlations with these angiographic changes
have been attempted in the past with vari-
able results. Classically the anatomic aber-
rations have been compared to the Budd-
Chiari syndrome and thus associated with
clinical ascites.>®% 12 On the other hand
Teague et al. have shown that ascites is
actually characteristic of early cirrhosis
with mild vascular alterations,?” and Brit-
ton found that this clinical feature of cirrho-
sis is associated either with early or with
far-advanced phlebographic changes.> ?
Others have stated that changes in the he-
patic venous angiogram do not correlate
with ascites at all.’*>*®* In our experience
both the occurrence and severity of ascites
showed a statistically positive correlation

HEPATIC VENOUS ANGIOGRAPHY IN CIRRHOSIS
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TasLE 3. Correlation of Presence and Severity of
Encephalopathy with the Angiographic Stages

Stage Absent Mild Severe
1 4) 0l 0
n 19/%%  11y30%  348%
II1 10 7 3
v 8) 8 49
v 3j40% 3 419, 1 19%

with the early angiographic stages and with
the presence of regenerating nodules.
There have been previous attempts to
compare the clinical and biochemical pa-
rameters of cirrhosis with changes in the
hepatic venous angiogram, with sometimes
conflicting results. Piper ®* found no cor-
relation between the radiologic changes
and esophageal varices or serum albumin.
Britton et al.? and Doehner® noted low
serum albumin in the late stages, and the
latter also found decreased liver size with
progressive angiographic phases. He con-
curred that the presence and severity of
esophageal varices could not be correlated
with these phases, nor could he find any
relationship to serum bilirubin or alkaline
phosphatase. We agree that there is no cor-
relation between the angiographic stages
and varices, clinical jaundice, serum bili-
rubin or alkaline phosphatase, and that
there is a positive correlation with hypo-
albuminemia and with a small liver. We
have also found that the progressive phle-

TasBLE 4. Correlation of Liver Size with the Angiographic Stages. Size Estimated
by Physical Examination and by Liver Scan

Markedly Markedly
Stage Enlarged Enlarged Normal Shrunken Shrunken
1 1 20 0 n 0
I 7}22% 13/40% 10}27% 3/ 1% 0)%%
111 4 10 6 0 0
v 2) 11 3) N 1
v 831% 2145% >} 185% 3 185% 1%
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TasLE S. Correlation of Clinical Jaundice and of Total Serum Bilirubin
with the Angiographic Stages

Clinical
Stage None Mild Moderate Severe
3N 0 0 . n
I 23/ 70% 7/19% 2j 6% 1)5%
111 12 7 0 1
I 13 4 3 0
v 3}59% 2/ 2% 219% 0, %%
Total Bilirubin (mg./100 ml.)
<15 1.5-3.0 >3.0
I N 0) 1
I 20 62% 719% 6/19%
III 14 3 3
100 6) 4)
N 2 4% $126% 4)39%

bographic stages bear a positive relation-
ship to the incidence of encephalopathy
and to an elevated prothrombin time.
Britton made some hemodynamic com-
parisons,® * noting that free portal pressure

TaBLE 6. Correlation of Estimated Total Liver Blood
Flow with the Angiographic Stages. Figures Repre-
sent Per Cent of Total Blood Volume Perfusing
the Liver per Minute

Stage <129, 129-20%,  >20%
1 1 2) 1
o 8% g% g%
6 9 5
Vo5 13 o 2}70
v o 5%% 2j36%  of%

TABLE 7. Correlation of Surgical Survival with
the Angiographic Stages

Stage Survived Operative Mortality
I 1 0
1I 5 2 (299,
111 7 3 (30%)
v 3 3 (50%)
\% 0 0

does not correlate with the stage of hepatic
venous disease, and that hepatic occluded
portal pressure does. Since with progressive
outflow block there is also progressive de-
velopment of portal collateral circulation,
no correlation would be expected between
the angiographic stages and portal pres-
sure, and none was found. This was the
case whether portal pressure was measured
as free portal pressure, as splenic pulp pres-
sure or as wedged hepatic vein pressure.
However, deterioration in the hepatic ve-
nous outflow system should result in dimin-
ished portal blood flow. Britton’s results
with hepatic occluded portal pressure and
ours with maximum perfusion pressure
tend to confirm this. We could not prove
it, however, by measured portal blood flow
at operation, perhaps because so few val-
ues were available, On the other hand,
there is a definite correlation between di-
minished estimated total liver blood flow
and progressive hepatic venous obstruction.

No previous attempts have been made
to assess prognosis relative to the hepatic
venous angiogram. The findings of this in-
vestigation suggest that the angiographic
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changes can be correlated with operative
mortality and with long-term surgical sur-
vival, as well as with the late survival of
medically treated patients. Progressive
phlebographic changes also show a rela-
tionship to the incidence of severe encepha-
lopathy in both medical and surgical pa-
tients, and to jaundice in the latter group.

Summary and Conclusions

The technic of hepatic venous angiogra-
phy, both wedged and free, is a relatively
simple one which can be accomplished
easily at the time of hepatic vein catheteri-
zation. In this series of 84 cirrhotic patients
there were no complications from the pro-
cedure. The changes noted in the wedged
angiograms assist in the over-all interpre-
tation of the anatomic alterations in the he-
patic veins, and portal vein filling is fre-
quently demonstrated. However, the pres-
ence and extent of portal vein filling does
not reflect the severity of the cirrhosis, and
the demonstration of reversed flow in the
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portal vein by this technic is a rare phe-
nomenon of dubious significance. The
staged progression of hepatic venous patho-
logic changes observed in the free angio-
grams is anatomically quite convincing.
These anatomic changes show a positive
correlation with progressive cirrhosis as as-
sessed by the incidence of encephalopathy,
a shrunken liver, elevated prothrombin
time, hypoalbuminemia, a diminished maxi-
mum perfusion pressure, estimated total
hepatic blood flow, and both surgical and
medical prognosis. The pressure and se-
verity of ascites is positively correlated
with early anatomic changes. There is no
apparent correlation of the angiographic
stages with the presence of esophageal
varices or clinical jaundice or with serum
bilirubin, alkaline phosphatase, portal pres-
sure and measured portal blood flow. It is
concluded that evaluation of the hepatic
venous angiogram does assist in assessing
the stage of the cirrhotic process and is of
value in predicting both surgical risk and
long-term prognosis.

TaBLE 8. Correlation of Surgical Follow-up Results with the Angiographic Stages

Average
No. of Duration
Stage DPatients (mos.) Encephalopathy Hemorrhage Jaundice Ascites Death
I 1 1 0) 0, 0 0 0
I 4 10 1520% 2. 490% 1}20% 1} 20% 1} 20%
[
II1 6 15 2 0 2 0 0
v 3 19 2 (67%) 1 (33%) 1 (33%) 1 (33%) 2 (67%)
\% 0 0 0 0 0 0 0
TABLE 9. Correlation of Medical Follow-up Results with the Angiographic Stages
Average
No. of Duration
Stage Patients  (mos.) Encephalopathy Hemorrhage Jaundice Ascites Death
I 2 24 1 01 0 1 0)
I 8 17 5760% 3/30% 2}20% 4§50% 313%
IIT 7 17 2 4 2 4 3
v 4 17 2 2 1 3 3
v 3 26 1/ 8% 0}29% 1}29% 1}57% 1} 579
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