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THE PROGNOSIS of portal decompression
in patients with cirrhosis and portal hyper-
tension has been shown to be worse in the
presence of a hyperdynamic cardiovascular
state, similar to that seen in septic shock.6
This hyperdynamic state is characterized
by a decrease in net vascular tone, a dimin-
ished peripheral oxygen extraction in the
presence of an increased cardiac output, an
increase in systemic and pulmonary arterio-
venous shunting, and by the presence of
myocardial depression. Studies suggest that
the ability of a given patient with extensive
cirrhotic liver disease to survive major por-
tal decompressive procedures is related to
the degree of interaction between abnor-
mal circulatory function and the ability of
the myocardium to compensate for these
peripheral abnormalities.6 To develop an
index for patient evaluation, assessment-
oriented programs have been designed on
magnetic tape for use with a relatively in-
expensive digital computer, the Programma
10I.t These indices enable the location of
a given patient's physiologic position in
each of the above cardiovascular functions,
normalized with regard to mean values for
control patients, those in hyperdynamic
septic, and nonseptic shock. The present
study is based on the evaluation of 44 pa-
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tients with hepatic cirrhosis and portal hy-
pertension. A survival index has been
quantified relating the abnormalities in the
peripheral circulation to the level of myo-
cardial capacity. This survival index has
enabled preoperative separation of cirrhotic
patients into three groups with markedly
different probabilities of operative survival.

Methods and Materials
Cardiovascular hemodynamics, and oxy-

gen consumption were measured in 44 pa-
tients with cirrhosis and portal hyperten-
sion who were evaluated preoperatively
prior to procedures for portal decompres-
sion. The data obtained from these patients
were compared with mean values for 30
patients in septic shock, 14 patients in non-
septic shock and 13 patients who had
neither shock nor liver disease, but who
were studied electively prior to an opera-
tive procedure. These patients have been
previously reported,5 and although data on
individuals will not be reported again in
this paper, mean values derived from pre-
viously obtained information will be pre-
sented to serve as reference values for the
present study. This paper is concerned
with statistical and mathematical technics
used in developing indices of physiologic
correlation suitable for computer evalua-
tion of cardiovascular data obtained from
critically ill patients.

All cirrhotic patients whose data were
used were studied preoperatively by bed-
side cardiac catheterization 3 prior to elec-
tive or urgent portal decompression. In
each patient a 36-inch polyvinyl intrave-
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nous catheter was introduced percutane-
ously into the basilic or external jugular
vein, and flow directed into the right
atrium using the intracardiac electrocardio-
gram as the monitor of position. This cathe-
ter was used to monitor central venous

pressure which was obtained electronically
using a Statham P23Db strain gauge. A
Teflon catheter was passed percutaneously
into the femoral artery, or placed into the
radial artery when femoral catheterization
was not possible, and was also monitored
electronically so as to measure arterial
blood pressure. Known quantities of indo-
cyanine green dye were introduced into
the central venous catheter and arterial
samples were obtained using a constant
speed withdrawal pump and electronically
recorded with the use of photoelectric
densitometer on a photographic oscillo-
graph. Arterial and mixed venous hemo-
globin, pH, Pc02, and oxygen tension values
were obtained, the arterial and venous oxy-

gen saturations were calculated. The com-

putations of cardiac output, cardiac index,
total peripheral resistance, stroke work, and
other cardiovascular parameters were made
using a cardiovascular program developed

for the Olivetti Programma 101 and previ-
ously reported.8 Similarly, the computation
of oxygen consumption, oxygen consump-
tion per square meter, and index of effec-
tive oxygen transport were also computed
from the primary data by means of an oxy-
gen consumption program developed for
use with this portable computer.8

Results
Studies of patients in shock have demon-

strated that information concerning the
status of the peripheral circulation and
myocardial function can be described in
terms of four physiologic correlates.6 These
correlations were determined experimen-
tally, and are represented by parabolic
functions (plotted by convention on a log
log scale *), relating two physiologic vari-
ables:

1. Vascular Tone, relating the cardiac in-
dex with total peripheral resistance
(Fig. 1).
Since equal distances measured along a loga-

rithmic scale correspond to equal ratios, the mean-

ing of a parabolic function is that a given per cent
increase in one variable corresponds to a specific
per cent increase (or decrease if the slope is nega-

tive) in the other correlated variable.
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FIG. 2. Algorithm for
the determination of the
unnormalized index of
Relative Peripheral Shunt-
ing (III) and Ventricu-
lar Function (IV) for a
given patient with co-
ordinates (X, Y).
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2. Effective Oxygen Transport, relating
the cardiac index with oxygen con-

sumption per m2 (Fig. 1).
3. Relative Peripheral Shunting, relating

effective oxygen transport with total
peripheral resistance (Fig. 2).

4. Ventricular Function, relating stroke
work with central venous pressure

(Fig. 2).

The Determination of Reference Curves
of Cardiovascular Function

The fitting of the parabolic curves was

carried out using a program for the deter-
mination of the parabolic function which
also permitted the evaluation of a coeffi-
cient of correlation (rLog Y Log X), and
the standard error of estimate of this func-
tion ("Log Y Log X). This program will
also permit the updating of data as new

points are obtained in order to better de-
fine the lines used as mean values in these
line fits, and will also allow for the updat-
ing of the reference lines used in the nor-

malization program.
The data show pronounced heterogene-

ity with respect to normal (N), septic
(SS), and nonseptic (NSS) states. In the

Vascular Tone (VT) function (Fig. 1), for
instance, there is complete separation of
the septic (SS) and nonseptic (NSS) data
points, and the two curves can be fitted
with parabolic functions whose regions do
not overlap within one standard error of
estimate.* Therefore, to develop an index
for each correlate, an unweighted least
square's fit was performed to determine the
parameters of the parabolic function rep-

resenting 1) septic (SS), and 2) nonseptic
(NSS) curves for that correlation. In the
indices for Effective Oxygen Transport
(EOT) (Fig. 1) and Relative Peripheral
Shunting (RPS) (Fig. 2) the heterogene-
ity lies between the nonseptic shock group

and the so-called 'hyperdynamic," or high
cardiac output, septic shock (HSS) pa-

tients in whom the parameter of oxygen

consumption fails to keep pace with the
demands of the increased hemodynamic

* The standard error of estimate may be looked
at as a measure of the dependability of the esti-
mating function (the fitted curve) or as a mea-

sure of the dispersion of data points around the
fitted curve. Within a region of one standard error

of estimate on either side of the fitted curve

68.27% of the points may be expected to fall if
the scatter follows a normal distribution.
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function. As previously indicated,5 this
"hyperdynamic" group represents a sepa-
rate clinical entity with a different pattern
of physiologic abnormalities and a different
clinical prognosis. In the case of the Ven-
tricular Function (VF) index (Fig. 2), the
data separation was mainly in degrees of
good or bad ventricular function relation-
ship, hence the parabolic functions deter-
mined were a Good-Fair line and a Fair-
Poor line, dividing the graph into three
regions.
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mal group. The probability that NSS and SS
groups represent different poptulations is 72.7%o.

EOT. There is a high correlation for the NSS
data along with a low standard error of estimate.
The HSS data, however, have a slope that is
nearly horizontal, indicating that there is little
effect of the x-variable for these data. The stand-
ard error of estimate is very low, however, so the
function representing these data can be quite ac-
curately determined. There is a probability of
94.4% that the NSS and HSS lines represent dif-
ferent populations.

RPS. The NSS curve also approaches the hori-
zontal, although the standard error of estimate is

Statistics of the Fitting

Vascular Tone
NSS SS

rLog LogI X
SLog Y Log X

n

-0.956
0.065
14

-0.907
0.087
30

EOT
NSS HSS

0.829
0.115
14

0.232
0.059

9

RPS
NSS HSS

0.002 -0.473
0.139 0.267
11 9

Qualitative Aspects
VT. The SS and NSS curves exhibit very high

correlations and can be fitted with parabolic func-
tions with low standard errors of estimate. The
function fitting these data can be determined with
very low standard error of estimate also. From sig-
nificance studies of these statistics it was found
that there is a probability of 99.9% that the NSS
curve is different from normal and a probability
of 99.6% the SS curve also differs from the nor-
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FIG. 3. Survival pattem based on the preopera-
tive determination of the indices of Relative Pe-
ripheral Shunting and Ventricular Function in 44
patients with hepatic cirrhosis and portal hyper-
tension prior to portal decompressive surgery.

low. (In this case a weighted fit, to permit the in-
tersection of NSS and HSS curves to occur at a
point greater than all the known data, provided
the parameters of the NSS fit as used in the com-
puter program.) The HSS curve has low but sig-
nificant correlations and an acceptable standard
error of estimate. The separation of the two curves
(NSS and HSS), however, is marked, with a prob-
ability of 67.3% that they represent different popu-
lations. In all three indices, Vascular tone, Effec-
tive Oxygen Transport, and Relative Peripheral
Shunting, the values for the normal patients lay
between the extremes delineated by the parabolic
functions for the nonseptic shock and septic shock
(or hyperdynamic septic shock) groups. Although
the spread of normal values was generally wider
than in the shock groups, with the consequence
being a lower coefficient of correlation (rLog Y
Log X), all of the normal values were contained
in the region between the two shock functions and
the separations were statistically significant.

VF. The curves separating the graph into three
regions were done entirely by sight, so as to de-
lineate a Good, Fair, and Poor range of ventricular
function based on data which appears to separate
the levels of myocardial function in the shock
states studied.'

Regarding Zero Correlation and Curve
Separation
When r = 0, as is the case when a func-

tion is parallel to the x-axis, the standard
error of estimate becomes the standard de-
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viation of the Y-variable. If the standard
error of estimate is low, then the data may
be characterized quite accurately as has
been done in the EOT and RPS functions
since the scatter is small. The curve in such
a case is extremely useful if one is inter-
ested, as we are here, in the heterogeneity
of the data and its separation into groups
or separate curves. The function, as a mat-
ter of fact, is considerably simplified, since
the data is independent of the X-variable.

Construction of Indices of Cardiovascular
Function
Once the fits were determined, an angu-

lar displacement of a particular point with
respect to the fitted lines and their point of
intersection was taken to be an unnormal-
ized index for describing the status of that
point, as far as that particular function was
concerned (Figs. 1, 2). This was consid-
ered valid since the data for normal pa-

VT-Index

EOT-Index
RPS-Index

VF-Index

Septic Shock
-5

Hyperdynamic Septic Shock

5

Fair-Poor
Verv Poor Line
0 to 7 I

tients, although showing a somewhat wider
spread, lay intermediate between the septic
and nonseptic curves in the area of Vascu-
lar Tone, Effective Oxygen Transport, and
Relative Peripheral Shunting, and above
the Good-Fair line in the case of the Ven-
tricular Function. By normalizing this an-
gle such that a value of +5.0 or -5.0 rep-
resented a point on one of the curves, a
convenient measure was obtained for de-
termining deviations from normal toward
the septic or nonseptic shock mean refer-
ence lines.' The four functions and the

index associated with each of them are
shown in Figures 1 and 2.
As noted above, the primary indices were

normalized in a way to permit quick assess-
ment of the patient's condition. In the table
below the critical values of the normal-
ized indices are shown. The entries in the
column labeled Septic Shock, Non-Septic
Shock, Fair-Poor, and Good-Fair are the
normalized values when the specified in-
dex lies exactly on the fitted curve indi-
cated. The normal line was arbitrarily set
to zero in the VT, EOT, and RPS indices.
However, since the coefficients of correla-
tions for the normal patients were lower
than corresponding NSS and HSS values,
although with a small standard error of
estimate, no prejudice is implied about the
true slope of the normal curve in a larger
population, except that the range of nor-
mal data appears to lie between the septic
and nonseptic shock functions.

Nonseptic Shock
5

Normal
0

5

Fair
7 to 10

0
()

Good-Fair
Line
10

Verv Good
10 to 20

Determination of the Survival Index

A study of preoperative patterns of car-
diovascular hemodynamics and oxygen con-
sumption for 44 cirrhotic patients with por-
tal hypertension revealed that the prob-
ability of survival or death bore a relation
to the net cardiovascular functions, as ex-
pressed in terms of the four correlation in-

can be computed, since they lie in a mathemati-
cally undefined region beyond the intersection of
the two curves. This occurs in the EOT index for
values of oxygen consumption per square meter of
greater than 570 ml./min./m2. Similarly, in the
VF index, because of programming restrictions,
values for CVP of 1 mm. Hg or less are by con-
vention entered as 1.36 mm. Hg.

V'olume 169
Number 2 195

* The necessity of choosing a point of inter-
section can mean that there are some physiologi-
cally realizable values for which no valid index
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dices described above. In its simplest form,
a net cardiovascular function can be com-
posed by inspecting a plot of the index for
the Ventricular Function versus the index
for the Relative Peripheral Shunting (Fig.
3). This amounts to a synthesis of all the
information in the five physiologic vari-
ables used as primary inputs (see below),
and of the correlations discovered between
them. As in the case of the original func-
tions, the data seemed best treated by a
plot of the logarithms. When this was done,
a striking pattern was manifested. Two in-
tersecting parabolic functions could be de-
termined which divided the graph into
three regions, an analogue in terms of
chances of survival to the Ventricular Func-
tion situation of Good, Fair, and Poor. In-
deed, with the data available (Table 1),
the regions represent survival percentages
of 100%o, 47%o, and 20%o. To express a
given point's location on the graph (Fig.
4), a primary (unnormalized) index, equal
to the angular displacement of any patient
point; with respect to one of the lines and
the point of intersection of these functions,
was simply normalized such that any posi-
tive number represented very good chances
(G), any number between 0 and -50 rep-
resented approximately a 50% chance (F),
and any number less than -50 represented
a very remote chance (P) of surviving por-
tal decompressive surgery. In broad terms
the physiologic interpretation of this graph
is that in order to survive, a patient whose
peripheral arteriovenous shunting is low
does not need as good a Ventricular Func-
tion relationship as one whose peripheral
arteriovenous shunting is high.

Survival Index
Very Poor
<-50

Fair-Poor
Line
-50

A sample program output is shown in
Figure 5. The physician or surgeon attend-
ing the patient enters the values for uncor-
rected total peripheral resistance (TPR),
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cardiac index (CI), oxygen consumption
per square meter (O2Con/m2), central ve-
nous pressure (CVP), and stroke work
(SW) previously computed from the pri-
mary data,8 and the program outputs the
indices of Vascular Tone (VT), Effective
Oxygen Transport (EOT), Relative Pe-
ripheral Shunting (RPS), Ventricular Func-
tion (VF), and the Survival Index.
The value in using a continuous function

index (Fig. 6) rather than a step function
lies not in a seemingly more precise index
(the precision is limited by the statistical
spread of the data), but in the fact that a
trend toward or away from normal circula-
tory status can be seen on an ongoing basis.
These indices were designed to reflect in
one number all the relevant information
from each graph of the individual physio-
logic correlate, so that a time-based plot of
each function could be obtained (Fig. 7).
A simple step function indicating whether
a point lay within one standard error of
estimate of the septic or nonseptic curves
or else intermediate (the region expected
of normal patients) between them would
suffice to tell with significant accuracy what
physiologic condition was to be expected.
But a continuous function may be plotted
on a time scale so that information regard-
ing the patient's response to stress and
therapy may be obtained.
The importance of this kind of prognos-

tic information must be emphasized, since
otherwise there was little in the way of
distinguishing data to separate the two
groups preoperatively. Only one patient in
this series fell into Child's' class A. This
patient had a preoperative Survival Index

Fair
-50 to 0

Good-Fair
Line Very Good
0 any positive

number

of 27 and did well after portal decompres-
sive therapy. All the rest were class B and
C. The mean McDermott liver index for
the remaining 43 class B and C survivors
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FIG. 4. Algorithm for the determination of the
unnormalized Survival Index in a given patient
whose coordinates are (X, Y).

was 1.84 SD 0.67 and for the deaths 1.90
SD + 0.41. Both groups had about the
same distribution of splenorenal versus

portacaval anastomotic procedures. How-
ever, nine of the seventeen deaths occurred
in patients undergoing urgent portal de-
compressive procedures. Of these nine, four
had survival indices less than -50, but five
lay between -46 and -2, and this sug-
gests that the patient who must undergo
emergency shunt surgery does not neces-

sarily represent a worse risk than the elec-
tive case, although with its high incidence
of intraoperative hypotension the stress of
an emergency procedure may be greater.
However, what was of significance in the
patients undergoing emergency portal de-
compression was the relative decrease in
the index of ventricular function in propor-
tion to the degree of abnormality in rela-
tive peripheral shunting. This has been
commented upon before6 but is here quan-

197
tified by the VF and RPS indices. This dis-
proportionate reduction in myocardial ca-
pacity strongly suggests that in the patient
who must undergo emergency operation,
the operative prognosis, reflected by the
Survival Index, might be improved by the
preoperative use of a cardiac inotropic
agent such as a rapid acting digitalis prepa-
ration, and by the avoidance of excessive
volumes of fluids or blood in the immedi-
ate postoperative period when the heart
may be most depressed.

Time Series Evaluations
An example of the usefulness of these

four time based physiologic functions, and
the Survival Index in evaluating the time
course of patients with cirrhosis and portal
hypertension, is shown in the final figure.
As an example, this graph (Fig. 7) shows
two patients who were studied extensively
preoperatively, intraoperatively, and post-
operatively, throughout their total courses.
One patient survived portal decompression
for more than 2 years and was studied
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FIG. 5. Sample program print-out containing

the input variables inserted by the physician, and
the normalized output indices of Vascular Tone
(VT), Effective Oxygen Transport (EOT), Rela-
tive Peripheral Shunting (RPS), Ventricular Func-
tion (VF), and the Survival Index. Although only
the first place to the right of the decimal has any
significance in these indices, it is necessary to use
8 decimal places in the print-out in order to avoid
round-off errors in the course of the program.

X= RPS INDEX + 10
Y= VF INDEX
YG-F = 2.51 x 0.5821

YF-=P 2.51 x 0.4691

SURVIVAL INDEX:

6s, = arctan LI(Y) + 1.382
=aca[LnL(X)J
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Tm3LE 1.

Survival (c
Index Living Deaths Survival

Greater than 0 17 0 100
-0.1 to -50 8 9 47
Less than -50 2 8 20

27 17 63

again at that time. The other succumbed
on the second postoperative day. This fig-
ure presents the relevant physiologic ab-
normalities and their time course in each
patient. Preoperative evaluations of the
two patients demonstrated that the patient
who succumbed was mildly hyperdynamic
with a Cardiac Index of greater than 3
liters/min./m. , while the surviving patient
lay in the normodynamic range.5 More de-
tailed analysis of the physiologic status of
the two patients provided by the various
cardiovascular indices discussed in this pa-
per indicated that the nonsurviving patient
showed a marked abnormality in the index
of Effective Oxygen Transport which was

decreased to the level of the mean values
found in hyperdynamic septic shock. This
patient also demonstrated an increase in
the index of Relative Peripheral Shunting
to a level greater than the mean value for
patients with hyperdynamic septic shock,
indicating a major degree of abnormality
in the peripheral circulation. There was

also a decrease in the Ventricular Function

SURVIVAL INDEX DISTRIBUTION *.
1.0 urefor

iO AHTIEN73; / POPU6to

0.8

< 0.6
IL.
0 -

-0.4
VERY POR

2OC0.2 -

MIN. SURVIVAL INDEX MAX.

FIG. 6. The Survival Index distribution as a
function of the probability of survival.
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Index, which although minimal when com-
pared with the level of the surviving pa-
tient, nevertheless remained consistently re-
duced throughout the entire clinical course.
The Survival Index, however, revealed that
a marked separation existed between the
two patients. The patient who lived had a
preoperative Survival Index of 14 placing
him in the greater than 90%o survival re-
gion, but the patient who died following
operation had a preoperative Survival In-
dex of -51 which placed this individual in
a statistical region where less than 20% of
the patients studied survived beyond the
immediate postoperative period. In both
patients the response of the Survival Index
to operation was similar in direction, but
the separation between them was main-
tained throughout. Both patients responded
to operation by increase in the Vascular
Tone Index above baseline levels indicat-
ing a vasoconstrictor response to the stress
of operation. During the operative period
when blood loss occurred, there was a
tendency for the index of Relative Periph-
eral Shunting to decrease toward the mean
nonseptic shock value. But, the nonsurviv-
ing patient was not able to increase the
Effective Oxygen Transport Index in re-
sponse to the operative stress to the level
present in the patient who lived. In both
cases, however, there was a significant de-
crease in the Ventricular Function Index
during operation. The Survival Index also
showed a marked decrease in both patients
early in the operative period with a tend-
ency toward compensation near the close
of the operative procedure. There was a
marked overshoot in the Survival Index to
an improved value during extubation, when
a marked reflex sympathetic stimulus ap-
pears to be present.2 The surviving patient
also responded to this sympathetic stimu-
lus by a transient increase in the cardiac
index. But in the nonsurviving patient
there was a fall in cardiac index in spite
of the stimulation of extubation, and this
was accompanied by an actual decrease in
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FIG. 7. Time-series
evaluation of the various
normalized cardiovascular
indices in two patients
with cirrhosis and portal
hypertension. The surviv-
ing patient is indicated
by the open circles, and
the patient who suc-
cumbed by the closed cir-
cles. Preoperative values
are shown as well as three
intraoperative values (1,
2, 3), and the time of op-
erative extubation (EXT).
Values taken on the first,
second, third and fourth
postoperative days are
shown as well as the late
follow up of 2 years on
the surviving patient.
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the Vascular Tone Index. Both patients
tended to have an increase in the Ven-
tricular Function Index during extubation
and both showed an increase in the over-

all Survival Index. However, in the non-

surviving patient it only barely entered the
range of positive values. This suggests that
the sympathetic response to extubation in-
cludes a significant cardiac inotropic com-

ponent, but that the nonsurviving patient
had a reduced ability for peripheral vascu-

lar response. On the first postoperative day
the most marked separation in the pattern
of physiologic response occurred. The non-

surviving patient had a marked increase in
Cardiac Index and became significantly
more hyperdynamic than preoperatively.
This hyperdynamic state was maintained
until death. It occurred in spite of a

marked increase in the Vascular Tone In-
dex and was accompanied by a major de-
crease in the efficiency of oxygen extrac-
tion. Although in the nonsurviving patient,
the Relative Peripheral Shunting Index de-
clined relative to the preoperative value

2 3 4 2 years
TIME DAYS

during the postoperative period, it was al-
ways greater at any time than that present
in the surviving patient and it continued to
increase until the time of the patient's
demise. This suggests that the peripheral
abnormalities reflected by the hyperdy-
namic state represent a major factor in the
circulatory decompensation seen in hyper-
dynamic disease of the liver.
The most significant difference in re-

sponse between these patients was seen in
the Ventricular Function Index. The sur-
viving patient demonstrated a marked in-
crease in ventricular function on the first
postoperative day. This myocardial over-
shoot is a characteristic feature in nearly
all patients who survive major operations
regardless of whether they have liver dis-
ease or not, and its absence in the nonsur-
viving patient can only be taken as a very
poor prognostic sign. The Survival Index in
the surviving patient also shows the effects
of what must be an adrenergic response in
the postoperative period by a persistent
elevation to values greater than normal.

1
.



200 SIEGEL AID
The nonsurviving patient on the other hand
had a progressive worsening of the Sur-
vival Index to a level where the statistical
prognosis for survival in previously studied
cases has been less than 20%.

Discussion

The need to quantify the abnormalities
seen in cirrhotic hepatic disease so that
clinical impressions can be critically ex-

amined is essential before meaningful
evaluations of the effects of medical and
surgical intervention can be assessed. The
present study is an attempt to apply com-

puter technics to permit the alterations in
the physiologic responses of the cirrhotic
to be quantified with reference to the
range of known human responses. The
development of these normalized cardio-
vascular function indices also permits the
interaction of the various component re-

sponses to be serially evaluated in some-

thing approaching real time. The use of
these time-based indices also permits on-

line determinations of an individual pa-
tient's response to therapy to be made
which can provide information of major
prognostic significance before obvious clini-
cal changes occur.

Del Guercio and his colleagues 2 previ-
ously noted that patients who do poorly
after portal decompression procedures often
manifest a hyperdynamic state with per-
sistent elevation in the Cardiac Index.
Siegel et al.6 recently showed that this hy-
perdynamic state is characterized by a de-
crease in vascular tone, a persistent ab-
normality in the efficiency of oxygen ex-

traction, and an increase in the relative
degree of peripheral arteriovenous shunt-
ing. Their studies also suggest that the de-
gree of increase possible in ventricular
function is a major factor in permitting
the hyperdynamic patient to compensate
for the abnormalities in his peripheral cir-
culation. Both the surviving and nonsur-

viving patients shown as examples in this
paper had declines in their Ventricular
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Function Index on the second postopera-
tive day and this was characteristic of
nearly all patients studied. Reduction in
ventricular function tends to occur at a
time when the level of peripheral vascular
abnormalities is increasing toward the level
seen in hyperdynamic septic shock and is
usually accompanied by a fall in the Sur-
vival Index. This suggests that the second
postoperative day may be a critical one for
the borderline patient and that the sur-
geon should be especially vigilant at this
time. In fact, nearly one half the postop-
erative deaths in patients studied occurred
between the first and third day. As most
surviving patients recover from portal de-
compression there is an increase in both
the Ventricular Function Index and the
Survival Index in the third and fourth post-
operative days. This is usually accompanied
by a tendency in both the Effective Oxy-
gen Transport Index and in the Index of
Relative Peripheral Shunting, to return to-
ward normal, and suggests a return of pe-
ripheral vascular function to control values.
Although most patients studied in long
term follow up after portal decompression
for cirrhosis show a deterioration in the
circulatory correlates of hepatic function,4
this is not always true, and the patient pre-
sented shows there may be a tendency for
stabilization, and in some instances, im-
provement in all hemodynamic parameters,
provided the patient does not persist in a
continuing hepatic insult after portal de-
compression.
Although the use of the Survival Index

has permitted the prediction of operative
prognosis better than any other currently
used index of liver function or system of
classification of the status of hepatic dys-
function, it is important to emphasize what
the Survival Index is, and what it is not.
It is merely a numeric value expressing the
statistical probability of survival based on
an integrated estimate of cardiovascular
function in a relatively small population
sample. It is not a sentence of death, or a

.14D



Volume 169 PREDICTION OF OPERATIVE SURVIVAL IN CIRRHOTICS 201Number 2

license for carte blanche in the therapy of
any individual patient, but merely an indi-
cation of the patient's ability to compen-
sate for a major physiologic stress, com-
pared to previously studied patients. Its
purpose is not to substitute for careful pa-
tient evaluation, but to provide an addi-
tional datum which the surgeon may use
in his decision making process. By focus-
ing on the major system responsible for im-
mediate postoperative compensation, and
by reducing the time needed to obtain the
necessary data, the use of computer tech-
nics actually permits the surgeon to spend
more time with the patient and to spend
this time in a more efficient manner. The
data obtained by the use of these assess-
ment-oriented computer programs may also
enable the surgeon to come to decisions on
a more rational basis, and permit him to
tailor therapy to suit the individual on the
basis of physiologic considerations.

Summary

The prognosis of portal decompression
in patients with cirrhosis and portal hyper-
tension is worse in the presence of a hy-
perdynamic cardiovascular state, similar to
that seen in septic shock. It is characterized
by a decrease in net vascular tone, a di-
minished peripheral oxygen extraction in
the presence of an increased cardiac out-
put, an increase in systemic and pulmonary
arteriovenous shunting, and myocardial de-
pression. In order to develop an index
for patient evaluation, assessment-oriented
computer programs have been designed on
magnetic tape or use with a relatively in-
expensive digital computer. These enable
the location of a given patient's physiologic
position in each of the above cardiovascu-
lar functions, normalized with regard to
mean values for control patients, and those
in hyperdynamic septic, and nonseptic
shock. Based on the recent study of 44

patients with hepatic cirrhosis and portal
hypertension, a Survival Index has been
quantified relating the abnormalities in the
peripheral circulation to the level of myo-
cardial capacity. It has enabled the pre-
operative separation of cirrhotic patients
into three groups whose probability of op-
erative survival was, respectively, >90%o,
50%s, and <20%o. A physiologic interpreta-
tion of this index suggests that in cirrhotic
patients an increasing abnormality in pe-
ripheral arteriovenous shunting requires an
increased myocardial capacity in order to
permit survival. This index has permitted
the discrimination of good from bad opera-
tive risks in patients in whom there was no
significant difference on the basis of liver
function tests. It also provides a way of
quantifying a patient's response to therapy
as a time based function.
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