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A method of assessing portal venous pressure in
animals by wedging a cardiac catheter into a
peripheral hepatic venule was described by Myers
and Taylor (1) and by Friedman and Weiner (2).
The application of this technique in humans has
been reported by Myers and Taylor (1), Paton,
Reynolds, and Sherlock (3), and Krook (4). It
seems clear from the evidence presented that the
presence of portal hypertension- can be reliably
predicted from the finding of an elevated wedged
hepatic vein pressure (WHVP). Paton, Rey-
nolds, and Sherlock have shown that in patients
without liver disease WHVPmeasures only a few
mm. Hg more than right atrial pressure (3).
Likewise in non-cirrhotic liver disorders not as-
sociated with portal hypertension WHVPis nor-
mal (3). By contrast in a large number of cir-
rhotic subjects reported by the aforementioned
three groups of investigators WHVPwas in-
variably elevated to some degree.

This technique would be more valuable if it
were known how closely the pressure measured
in the wedged position corresponded to actual
portal venous pressure (PVP). In cats (1) and
in dogs (2) WHVPwas found to be almost iden-
tical with PVP both in the normal animal and
when both pressures had been elevated by epineph-
rine injection. In two human subjects with por-
tal hypertension, PVP, measured postoperatively
through a polyethylene tube leading from an
omental vein, compared favorably with WHVP
measured preoperatively (3). To our knowl-

1 Preliminary results reported before the Western
Surgical Association, December 3, 1953, and the Western
Section of the American Federation for Clinical Research,
January 28, 1954.

2 Aided by grants from the National Heart Institute,
U. S. Public Health Service (H-1718) and the Los
Angeles County Heart Association.

1954; accepted October 27, 1954)

edge no other studies have been reported compar-
ing WHVPand PVP in man.

This communication describes a number of such
comparisons the preliminary results of which have
been published in abstract form (5).

METHODSAND MATERIAL

We have followed the technique originally described
by Warren and Brannon (6) and elaborated by Bradley,
Ingelfinger, Bradley, and Curry (7) for catheterization
of the hepatic vein. A cardiac catheter is passed from
the median antecubital vein of either arm under fluoro-
scopic guidance into the right atrium. Wehave had the
best results with moderately stiff catheters, No. 8 or No.
9 gauge, prepared straight except for the usual curved
tip. Right atrial pressure is recorded with a Statham
strain gauge located 5 cm. posterior to the sternal angle
with the patient supine. The catheter is then turned so
that the curved tip is pointed to the right and posteriorly
in order to enter the inferior vena cava. This may re-
quire considerable manipulation in subjects with cirrhosis
because of the unusual location of the caval orifice inci-
dent to hepatic enlargement. The catheter tip will usu-
ally enter a right sided hepatic vein if it is advanced 1
to 2 cm. beyond the cavo-auricular junction; if it does
not do so the tip can be rotated anteriorly and the wall
of the vena cava explored again. The catheter seldom
enters the hepatic vein draining the left lobe. The right
renal vein can be mistaken for an hepatic vein, however,
it forms almost a right angle with the vena cava, it opens
more caudad than most hepatic veins, in the lateral view
it courses more posteriorly, and the blood withdrawn
from it contains more oxygen. After entering an hepatic
vein the catheter is advanced as far as possible into the
liver substance until it is wedged in a small hepatic venule.
When properly wedged it will usually be far out in the
periphery of the liver (an anterior course can be checked
fluoroscopically). When it is withdrawn slight tension
will be required to free the tip from the wedged position
from which it will spring suddenly. Unfortunately there
is no way of being absolutely certain that the catheter
is properly wedged; if it becomes lodged at a venous bi-
furcation and blood flow is not completely obstructed
an accurate wedge pressure will not be recorded. For
this reason it is advisable to make pressure records from
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more than one site in the liver if possible. After the
wedged position is attained pressure is measured and a
continuous recording made as the catheter is withdrawn
to the free hepatic vein. Inferior vena caval pressure
and the gradient between inferior cava and the right
atrium are recorded at the end of the procedure.

Since changes in the general level of venous pressure
would be expected to produce equivalent changes in
wedged hepatic vein and portal vein pressures regardless
of the presence or absence of hepatic disease, WHVPand
PVP have been expressed as net pressure above right
atrial level. This has the effect of eliminating elevations
in wedged pressure (and presumably portal pressure)
such as have been shown to accompany right atrial pres-
sure rises in heart failure (3). In this study when ac-
tual right atrial pressure could be recorded it was sub-
tracted from measured wedged pressure and portal pres-
sure to obtain WHVPand PVP. When actual right
atrial pressure could not be measured (as in the patients
at surgery) it was assumed to be zero and the strain
gauge was located externally at the estimated right
atrial level.

PVP was recorded by inserting a 21 gauge needle into
the exposed portal vein perpendicularly to the long axis
of the vein. The needle was connected to the strain gauge
by a polyethylene tube of inside diameter 1.2 mm.

The 19 patients on whom the pressure comparisons were
made had varying degrees of portal hypertension due to
alcoholic cirrhosis. None had clinically evident ascites.
Seventeen of them were operated on for the performance
of a portacaval shunt though it was not performed in all
instances. Two were operated on1 for other intra-abdomi-
nal procedures. The pressure comparisons were made in
three different ways.

Group A. Two patients were operated upon for con-
ditions other than their portal hypertension. At the time
of surgery polyethylene tubing was secured in a mesen-
teric vein, brought to the outside through a stab wound
in the anterior abdominal wall and kept patent by a slow
infusion. This procedure has previously been performed
without harm to the patient (3, 8). Three days post-
operatively the hepatic vein was catheterized and WHVP
was recorded, followed immediately by a pressure re-
cording from the mesenteric vein via the polyethylene
tubing. The strain gauge was maintained in the same
position (5 cm. below the sternal angle with the patient
supine) for all measurements. Both mesenteric vein
pressure and wedged pressure were corrected by sub-
tracting right atrial pressure.

Group B. Seven patients who underwent portacaval
anastomosis were catheterized immediately preoperatively.
WHVPwas measured and corrected by subtracting right
atrial pressure. From one to three hours later, in the
operating room, the pressure in the portal vein itself was
recorded. The estimated right atrial position (5 cm. pos-
terior to the sternal angle) was used as a zero reference
point for recording PVP.

Group C. Ten patients were catheterized immediately
preceding operation for portacaval anastomosis. The

catheter was left in the wedged hepatic vein and kept pa-
tent with a continuous slow infusion while the patient
was taken to surgery. When the portal vein was ex-
posed WHVPwas recorded, followed immediately by
PVP. Both recordings were made with the strain gauge
at the same zero reference point-the externally estimated
positioni of the right atrium. In five of the patients
WHVPwas also measured at the time of catheterization,
prior to the administration of anaesthesia.

Complications
Catheterization of the hepatic vein appears to be an

innocuous procedure. The danger points of cardiac ca-
theterization (the coronary sinus, tricuspid valve, right
ventricle) are avoided. Arrhythmias are minor or ab-
sent. There have been no untoward results in the au-
thors' experience except for an occasional mild thrombo-
phlebitis or infection at the cut-down site. The hepatic
vein is easily entered in the normal subj ect. However,
in patients with cirrhosis of the liver some difficulty may
be encountered, necessitating an experienced operator and
considerable manipulation of the catheter. We require
an average of two minutes of fluoroscopic time per patient
and have failed to enter the hepatic vein in 5 of over
70 attempts in cirrhotic patients.

RESULTS

In every instance WHVPwas elevated and as
the catheter was withdrawn to the free hepatic
vein the abrupt drop in pressure characteristic of
intrahepatic portal hypertension was seen (Fig-
ure 1). This abrupt pressure drop was never seen
in patients who did not have hepatic cirrhosis.

Table I and Figure 2 depict the results of the
pressure comparisons in the 19 patients. In every
case WHVPwas lower than PVP. However, in
no instance was there a major discrepancy between
the two readings.

In the two patients in Group A WHVPwas 4
and 8 per cent below mesenteric vein pressure.

In the seven cases in Group B WHVPaver-
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FIG. 1. ABRUPTDROP IN PRESSUREAS THE CATHETER
IS WITHDRAWNFROM A "WEDGED" POSITION IN THE
HEPATIC VEIN TO A "FREE" POSITION
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TABLE I

Wedged hepatic, portal and mesenteric vein pressures in 19 subjects urith cirrhosis

W.H.V.P. W.H. V.P. P.V.P. MESENTERIC
GROUP CASE PRE-OPERATIVE AT SURGERY AT SURGERY V.P.

NO. (mm.Ht. above I (mm.Hg. above I (mm.Hg.above, (M. Hg. bo7ert. atrium rt. atrium) rt.atrium) rt. atrium
A 1 19.0* 21.0

2 20. 0* 21.0

B 3 12.0 14.0
4 17.0 20.0
5 20.0 21.0
6 21.0 24.0
7 26.0 29.0
8 28.0 31.0
9 28.0 32.0

|1eam 21.7 2 4. 4

C 10 13.0 14. 0
11 13.0 15.0
12 15.5 13.5 17.0

13 19.5 15.6 20.'0
14 20.5 17.0 22.0
15 24.0 21.0 26.0
16 21.0 29.0
17 22.0 29.0
18 23.0 25.0
19 27.0 24. 0 30.0

Means 18 .3 22. 7

* performed simultaneously with mesenteric vein pressure aeasurements - see text.

i actual rt. atrial pressure measured and subtracted.

satrain gauge located at externally estimated rt. atrial level.

cent (range 5 to 15 per cent) below

In the 10 patients in Group C WHVPaveraged
20 per cent (range 9 to 28 per cent) below PVP.
A typical example is pictured in Figure 3. The

greatest discrepancy observed was in a patient in
whom WHVPmeasured 21 mm. Hg and PVP
measured 29 mm. Hg.

In the combined group of 19 patients WHVP
averaged 15.3 per cent below PVP.
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FIG. 2. COMPARISONSOF WEDGEDHEPATIC VEIN AND PORTAL OR MESENTERIC VEIN
PRESSURESIN THREE GROUPSOF PATIENTS WITH CIRRHOSIS

For description of the groups see text.
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POIML VEIN ;.

FIG. 3. COMPARISONOF WEDGEDHEPATIC VEIN AND PORTAI VEIN
PRESSURESMADEAT SURGERY

DISCUSSION

There are somiie theoretical objections to the
pressure comparisons in Group A and B. In the
two patients in Group A, the polyethylene was

fixed in small mesenteric veins. It is possible that
some degree of blood clotting occurred in this rela-
tively static system in spite of the continuous in-
fusion. A small clot near the end of the tubing
mnight have interfered with accurate pressure re-

cording.
In Group B the two pressure recordlings were

made under different circumlstances. At the time
of the PVP recording the patients were anaesthe-
tized. Anaesthesia has been shown to lead to a

fall in splanchnic blood flow in patients without
liver disease (9, 10). This could be due either
to splanchnic or intrahepatic vasoconstriction or

both. If the former exceeded the latter, a fall in
PVP would be expected. Such a sittuation mlight
obtain in cirrhosis with a relatively fixed intra-
hepatic vasculature. PVP would then drop, ac-

counting for the closer agreement between \WHVP
and PVP in our patients in Group B than in
Group C. In fact, in each of the five patients in
Group C in whom WHVPwas measured both
preoperatively and at surgery the second deter-
mination was lower, the mean drop being 15 per

cent (Table I). This would be compatible with a

fall in splanchnic blood flow secondary to splanch-
nic vasoconstriction.

Exact comiiparison between WHVPand PVP
in the patients in Group B is also rendered unre-

liable by the possibility of small errors in position-

ing of the external zero reference point used for
measuring PVP.

There seem to be no imiajor objections to the
validity of the comparisons in the patieints in
Groul) C. The samiie zero reference point was
tised for both pressures Nhich were recorded by
the same mechanismii only seconds apart. It is
true that a lateral pressure was recorded in the
portal vein which neglects the kinetic energy of
b)lood flow. The magnitude of this kinetic energy.
thotugh not mleasured, is assumed to be small be-
cause of the relatively low velocity of bloo1( flow
in the portal vein in cirrhosis.

Though there was considerable variability in tlle
extent to which WHVPapproached PVP, this
variability was within a relatively narrow range
an(l no instance of a miiarked discrepancy between
the twvo pressures was encountered.

It is to be expected that pressure measured in
the obstructed hepatic vein wvould be somewhat
lower than portal pressure. The recording of
portal pressure fromii the wedged catheter depends
upon the presence of a static blood column be-
tween the portal inflow system and the catheter
tip. Over this static column pressure can be
transmiiitte(l without the usual decrement froml
vascular resistance. Although the wedged catheter
does obstruct blood flow in a small segment of
liver this obstruction is probably never comiplete
because of collateral channels at or near the
sinusoidal level. Hence WHVPshould be con-
sistently less the PVP. Hepatic arterial inflow
into this relatively static vascular column could
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raise catheter tip pressure to arterial levels were

it not for the possibility of free backflow into the
portal system when the latter's pressure is ex-

ceeded.
The fact that WHVPclosely approaches PVP

indicates that the majority of the abnormal re-

sistance to blood flow in the cirrhotic liver lies
between the wedged catheter tip and the nearest
freely anastomosing vascular channels distal to it.
If there are freely anastomosing channels in the
sinusoidal area, it would follow that the major re-

sistance is post-sinusoidal in the small hepatic
venules. If, however, there is a diffuse reduction
in anastomosing vessels throughout the liver lob-
ule then no such inference can be drawn.

Even with the catheter free in the hepatic vein,
there may be some obstruction to blood flow
through that radicle. This may result in the re-

cording of a higher pressure from the free hepatic
vein than from the inferior vena cava. For this
reason we have chosen not to express WHVPas

the difference between the pressure levels in the
wedged and free positions. The use of an ex-

ternal zero reference point for recording WHVP
favors inconsistency between observers because
of the difficulty in locating the point exactly at
atrial level. Furthermore it provides no means of
distinguishing between elevations in WHVPsec-

ondary to a generalized rise in venous pressure

(i.e., right heart failure) and elevations due to
liver disease. The use of measured right atrial
pressure as a zero reference point solves these
problems. However, abnormal pressure gradients
between inferior vena cava and right atrium will
then be reflected in WHVP. We have found
significant cavo-auricular pressure gradients in
several patients with ascites (none in this series).
In measuring PVP or WHVPwe are chiefly in-
terested in the resistance to blood flow through
the liver, i.e., the pressure gradient between portal
system and inferior vena cava. Although it is
true that resistance to blood flow in the inferior
vena cava itself carries no implication as far as

liver disease is concerned, it is equally true that
any increment in portal pressure provided by this
resistance is important in the development of
esophageal varices. Since varices are connections
between the portal and superior vena caval sys-

tems any factors contributing to a pressure dif-
ferential between the two should be important.

Wehave utilized right atrial pressure as a baseline
for this reason. However, we believe inferior vena
caval pressure should also be recorded since
wedged pressure minus caval pressure gives the
best picture of hepatic vascular resistance. It
seems hardly necessary to emphasize that whether
PVP or WHVPis used as an index of hepatic
resistance the measurement is more valuable if it
is accompanied by an estimate of liver blood flow.

A deterrent to the utilization of WHVPin a
quantitative fashion is the lack of a definitive
means of establishing that the 'catheter tip is
properly wedged. Wehave occasionally, by con-
tinued manipulation, been able to advance the
catheter tip further into the liver beyond the point
at which it was originally thought to be wedged
with the result that a higher WHVPwas obtained.
For this reason we emphasize the value of re-
cording WHVPfrom more than one site.

CONCLUSION

From the data presented it appears likely that,
in cirrhosis, WHVPrepresents a large and
roughly predictable fraction of PVP. Further
comparisons of these two measurements should
establish whether this is true in all patients with
cirrhosis.

Knowledge of the approximate portal pressure
as determined by this technique has proven to be
of clinical value in the diagnosis of obscure cases
of cirrhosis (11), in assessing the need for porta-
caval anastomosis, in evaluating the merits of other
procedures designed to ameliorate portal hyper-
tension and in the diagnosis of extrahepatic portal
hypertension.

SUMMARY

1. Portal vein pressure (PVP) and the pres-
sure measured after wedging a catheter into a
peripheral hepatic vein (WHVP) have been com-
pared in 19 cirrhotic patients undergoing abdomi-
nal surgery.

2. WHVPcorrelated reasonably well with
PVP in all instances. In 10 simultaneous com-
parisons WHVPaveraged 20 per cent (range
9 to 28 per cent) below PVP.

3. In five patients WHVPaveraged 15 per
cent (range 13 to 23 per cent) lower at surgery
than preoperatively.
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