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Predictors of variceal bleeding: an analysis of
clinical, endoscopic, and haemodynamic variables,
with special reference to intravariceal pressure
S K SARIN, K R SUNDARAM, AND R K AHUJA

From the Department of Gastroenterology, G B Pant Hospital and Department of Biostatistics, All India
Institute of Medical Sciences, New Delhi, India

SUMMARY To assist in the prediction of variceal bleeding we examined 12 clinical, endoscopic and
haemodynamic variables in 126 patients with portal hypertension (72 bleeders and 54 non-bleeders).
Multiple regression and discriminant analysis were utilised for 101 patients. Stepwise regression
among the 12 variables explained only 54% of the variability existing between bleeders and non-
bleeders. Six of the 12 variables accounted for 51% of the total bleeder/non-bleeder variability. A
predicting equation was evolved {Yp= -060+0.19 X1 (colour of varices)+0 16 X2 (cherry red
spots)+0 03 X3 (red wale, markings)+0 01 X4 (haematocystic spots)+0K15 X5 (Conn's grading of
variceal size)+0 03 X6 (intravariceal pressure)}. Of the six variables used, variceal size indicated
35%, and intravariceal pressure accounted for 12%, of the explained variability between bleeders
and non-bleeders. The presence of the three red colour signs and the colour of the varices accounted
for only 3% and 1% respectively of the total explained variation. Using the discriminant function
analysis, we were able to correctly identify 85% of the bleeders and 81% of the non-bleeders.
Additional studies are required to detect the variables responsible for the unexplained variability
(46%) between bleeders and non-bleeders.

To be able to correctly identify the variceal bleeders
before the acute episodes of bleeding would greatly
assist in improving the morbidity and mortality of
patients with portal hypertension. In the past, many
attempts have been made to identify endoscopic
features which would predict variceal bleeding.
Large varices have been shown to bleed more often
than small varices.'` Different conventions for
grading variceal size are, however, in vogue and little
is known about their relative value.' In addition to
size, a number of endoscopic signs like cherry red
spots,9 varices overlying varices,"' red plugs," red
wale markings, blue varices,'2 etc, have been pro-
posed to describe patients with high risk of variceal
bleeding.'` The validity of these endoscopic signs
studied individually or collectively, remains to be
assessed. Moreover, subjective bias and inter-
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observer variation in the endoscopic evaluation of
these predictors cannot be excluded.7

Portal pressure and hepatic venous pressure
gradient do not correlate well and do not accurately
predict variceal bleeding.' '` The recently described
portal venous-oesophageal luminal gradient is not
helpful in differentiating variceal bleeders from non-
bleeders.'` In search of a closer assessment of the
actual intraluminal pressure, attempts have been
made to study the intravariceal pressure by indirect'`
and direct puncture'7 techniques. Whether intra-
variceal pressure influences variceal bleeding and
correlates with the other suggested endoscopic pre-
dictors is not clearly known.
The present investigation was initiated with the

following aims - (i) to evaluate the usefulness of
endoscopic signs of variceal bleeding, (ii) to study
and compare the significance of intravariceal
pressure measurements, and finally (iii) whether
it is feasible to identify variceal bleeders from non-
bleeders.
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Methods

PA I I NI'S
One hundred and twenty six consecutive patients
with portal hypertension, seen between November
1986 and March 1988 were included in the study.
These patients were referred either for upper gastro-
intestinal bleeding, chronic liver disease, moderate
splenomegaly or significant anaemia and were found
to have oesophageal varices at endoscopy. A detailed
history was taken to evaluate the episodes of upper
gastrointestinal bleeding in the past. Seventy two
(57.1%) patients had a history of one or more
episodes of upper gastrointestinal bleeding and 54
(42.9%) patients were non-bleeders. Twelve of the
72 patients (17%) had a past history of variceal
bleeding. The remaining patients had presented
either with an active (nine patients) upper gastro-
intestinal bleeding or with a history of recent (within
72 hours) bleeding (51 patients). An upper gastro-
intestinal endoscopy was done within 12-24 hours in
all the recent or active bleeders and except for one
patient there was no evidence of a non-variceal
mucosal source of upper gastrointestinal bleeding.

Portal hypertension was caused by cirrhosis of liver
in 59, non-cirrhotic portal fibrosis in 35, extrahepatic
portal vein obstruction in 30, hepatoma in one, and
hepatic outflow obstruction in one (Table 1). There
were 95 (75%) men and 31 (25%) women with a
mean (SD) age of 28 (17) (range 1-70) years. While
the diagnosis of cirrhosis was made on histological
and clinical features, the diagnosis of non-cirrhotic
portal fibrosis and extrahepatic portal vein obstruc-
tion was made according to the criteria described
earlier.'` Severity of liver disease was assessed using
Child's criteria.'9

Patients were informed about the nature of the
study and consent was obtained. No patient was on
regular sclerotherapy or on other treatment for
portal hypertension.

ENDOSCOPIC EVALUATION
The endoscopic evaluation of oesophageal varices
was done by two independent observers at the first
endoscopy in non-bleeders, active, recent, and old
bleeders. As sclerotherapy is our first line manage-
ment for patients with active variceal bleeding, " in
five of the nine patients who had presented with an
acute variceal bleed, emergency endoscopic sclero-
therapy was carried out to control the bleeding and
intravariceal pressure was measured three to seven
days later at second endoscopy. In the other four
patients, intravariceal pressure was measured before
emergency sclerotherapy. Sengstaken-Blakemore
tube was not used at any time for the control of
variceal bleeding.

Table 1 Demographic pr.ofle of thle patietits

Bleeders Non Bleedlers

Fotal Mean age (SD) M:F Mean ag, (SD))
Parttameter patients M:F (yrs) (y rs)

Aetiology of portal hypertension
Cirrhosis 59 23:3 38t2 (13.8) 27:6 425. (12.6)
NCPF 35 16:7 27.2 (5.9) 5:7 27.1 (11.3)
EHO 30 16:5 9.9 (81()) 7:2 8X(0(3X8)
HOFO 1 53
Hepatoma 1 1 %5

Child's grade
A 1) 48 (67%Yo) 32( 5) )
B 30 15 (2'1%) 15 (28%)
C 16 9(12%) 7(13%)

M:F- male:femrale. NCPF- non-cirrhotic portal fihrosis. EHO -

extrahepatic portal sein obstruction, HOFO - hepatic outflow
obstruction.

Variceal assessment was done using three inde-
pendent grading systems - (i) Conn's grading - grade
to 4,4 (ii) Westaby's grading - grade 1 to 3,' and (iii)

The Criteria of Japanese Research Society for Portal
Hypertension." The endoscopic observations were
recorded on a detailed form. While both Conn's and
Westaby's grading, mainly assess the size of the
oesophageal varices, the Japanese Research Society
for Portal Hypertension criteria evaluate a number of
other endoscopic signs which include - (a) funda-
mental colour of the varices: divided into white (Cw)
and blue (Cb) colour, (b) red colour signs: dilated
small vessels or microtelangiectasia on the variceal
surface and was subdivided into cherry red spot, red-
wale marking and haematocystic spot. Depending on
the number and extent of distribution, each of these
three red colour signs was graded as absent (-), 1 +,
or 2+, (c) form of varices: small straight varices (F1),
enlarged tortuous varices occupying less than one
third of the oesophageal lumen (F2), and largest
sized coil-shaped varices, occupying more than one
third of the oesophageal lumen (F3), (d) location: the
longitudinal extent of the varices and this was
subdivided into varices which were located in the
lower third of the oesophagus, locus inferior (Li),
varices extending up to the tracheal bifurcation, locus
medialis (Lm), and varices which extended beyond
the tracheal bifurcation, locus superior (Ls). In addi-
tion to these four main features, presence of
oesophagitis (E) was also carefully looked for.

INTRAVARICEAIL PRESSURE MEASUREMENT
Intravariceal pressure was recorded in 101 patients.
In the non-bleeders, the procedure was carried out
electively and care was taken to withdraw the endo-
scope only after ensuring adequate haemostasis
at the puncture site. In an occasional patient, a small
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amount of alcohol was injected for sclerosis. In none
of the patients overt upper gastrointestinal bleeding
ensued due to intravariceal pressure measurement.
In the bleeders, intravariceal pressure was measured
before sclerotherapy. The intravariceal pressure was
recorded by the direct variceal puncture technique
as described earlier.'7 In brief, after insertion
through the endoscopic channel, an injector filled
with absolute alcohol was used to puncture a variceal
column within 5 cm of the cardia. Blood could be
seen to flow up into the injector on puncturing the
varix. As absolute alcohol is an aqueous solution and
has the same specific gravity as water, it was used
as a fluid medium for measuring variceal pressure as
well as serving as a sclerosant. Intravariceal pressure
was recorded when the patient was breathing norm-
ally without any retching, by connecting the injector
to a fluid filled transducer and a Gould pressure

Table 2 Frequency and significance of different variables
on v'ariceal bleeding

Patientos
Noni- Padtients bleedinig p<

Variable Bleeder bleeder (total) (%)

Colour
Blue 69 41 110 63 0001
White 3 13 16 19

Cherry RS
Negative 5 26 31 16 0000()1
Positive 67 28 95 71

R W Markings
Negative 17 35 52 33 (0(0)(1
Positise 55 19 74 74

H C Spots
Negative 40 42 82 49 (t-()((1
Positive 32 12 44 73

Form
Fl 4 19 23 17 (XX) 1
F2 42 31) 72 58
F3 26 5 3 1 84

Length
Li 2 10 12 17 (0()()1
Lm 40 36 76 53
Ls 30 8 38 79

Conn's Gr
1 1 5 6 17 00001
2 10 29 39 26
3 33 16 49 67
4 28 4 32 88

Westaby's Gr
1 3 17 21) 1 00(00)1
2 22 24 46 48
3 47 13 61) 78
Child's Gr
A 48 32 8t) 60 0)65
B 15 15 31) 50
C 9 7 16 56

recorder. Two successive similar readings were
taken. Intraoesophageal pressure was used as an
internal zero reference point.

Assessment of endoscopic features and measure-
ment of intravariceal pressure was done at the same
session. The endoscopist was blinded to the history of
variceal bleeding in the patients. In all, 12 parameters
(clinical, endoscopic and haemodynamic) were
evaluated to ascertain their predictability for variceal
bleeding. These parameters included age, sex,
variceal colour, presence of cherry red spots, red
wale markings, haematocystic spots, variceal form,
length, Conn's variceal grading, Westaby's variceal
grading, Child's grade of liver disease, and intra-
variceal pressure. All these variables were compared
between bleeders and non-bleeders. The rate of
bleeding for each variable was independently calcu-
lated by finding out their percentage positivity in
bleeders and non-bleeders.

STATISTICAL ANAL YSIS
Univariate analysis was done by applying X' tests for
all the independent variables except for intravariceal
pressure, where Student's t test was applied to
compare bleeders with non-bleeders. Because of the
small number of patients in certain variceal grades,
for statistical evaluations of intravariceal pressure,
Conn's variceal grade 1 and 2 patients were combined
and compared with Conn's grade 3 and 4 and
Westaby's grade 1 and 2 with grade 3 patients.
Pearson's correlation between intravariceal pressure
and variceal bleeding was also calculated. Multi-
variate analysis was done by applying step-wise
multiple regression analysis with the help of the SAS
programme using the forward option. This was
followed by linear discriminant function analysis to
classify bleeders and non-bleeders using the signific-
ant variables identified by the multiple regression.

Results

The demographic profile and the aetiology of portal
hypertension in the variceal bleeders and non-
bleeders is shown in Table 1. There was no significant
difference in the mean age, sex distribution, and
aetiology of portal hypertension between the two
groups of patients. All 12 variables were individually
and collectively analysed to assess their variability or
the chance for correctly predicting variceal bleeding.

SIZE 0F VARICES
According to Conn's and Westaby's grading systems,
large varices were found to have bled significantly
(p<OO1) more often than small varices. Conn's
grading was found to be somewhat superior to
Westaby's as the largest varices (grade 4) recorded
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with the former had a higher bleeding rate (88%) as
compared with the largest varices (grade 3) recorded
with the later system (78%) (Table 2), the differ-
ence, however, was not significant. As Conn's and
Westaby's grading systems only assess variceal size,
for the discriminant function analysis only Conn's
grading system was used. It explained the highest
percentage variability (35.1%) provided by any
single variable.

COLOUR OF VARICES
While white coloured varices rarely bleed (19%),
blue varices had more often than not bled. The
bleeding rate of blue coloured varices was 63%,
which was significantly (p<0.001) more than white
varices. Using discriminant function analysis, how-
ever, variceal colour alone could explain only 0*9%
variation.

RED COLOUR SIGNS
The three endoscopic signs studied, cherry red spots,
red wale markings and haematocystic spots were
significantly (p<0-0001) more often present in bleed-
ers than in non-bleeders (Table 2). When these
features were present only in mild to moderate (1 +)
degree, however, bleeders and non-bleeders could
not be correctly separated. Therefore, for discrimi-
nant function analysis, only presence (+) or absence
(-) of each of the three red colour signs was taken
into account. The three endoscopic red colour signs
together explained only 3.0% variability, the maxi-
mum contribution being from the presence of cherry
red spots.

LOCATION OF VARICES
Rate of bleeding for varices extending up to locus

: Non Bleeder

E
E

I,

0

a.,p

0

0

C

M: Bleeder

30+

20+

10+

I.1 A

I

.. . .

1 2 3 4 1 2 3
Conn's Grading Westobys Groding

Fig. 1 Mean (SEM) intravariceal pressure in non-bleeders
and bleeders with different variceal grades, according to
Conn's and Westaby's classification. Statistical analysis is
shown in Table 3 by combining the subgroups.

Table 3 Intravariceal pressure (mean (SEM)); grade of
varices and variceal bleeding

Intravariceal pressuire (mtmlHg')

Bleeders Non-Bleeders

Study group n IVP ai IVP p

Conn's gr
Gr 1+2 8 18.3 (2.4) 28 12.3 (1. 1) 0.05
Gr3+4 52 21.8(0.8) 13 14.2(1.4) 0()01
p NS NS

Westaby's gr
Gr 1±2 20 188 (1.2) 33 123 (1.0) (01
Gr3 40 226(09) 8 151 (1.9) 001
p <0.05 NS

superior was significantly (p<0-0001) more than the
varices belonging to the other two groups (locus
medialis and locus inferior). Only two (17%) of the
12 patients with varices limited to the locus inferior
had bled (Table 2). Length of varices was able to
explain 0 5% variation by applying discriminant
function analysis.

FORM OF VARICES
An analysis of the rate of bleeding in relation to the
form of varices showed that enlarged and tortuous
(F3) varices bled significantly (p<00001) more often
(84%) than the straight (F1) varices (17%). For the
form in between these two (F2), variceal bleeding
was seen in 58% patients. Variceal form explained
only 3% variability for predicting variceal bleeding.

OESOPHAGITIS
Endoscopic evidence of associated oesophagitis was
seen only in one patient with oesophageal varices. It
did not have any significance in predicting variceal
haemorrhage.

INTRAVARICEAL PRESSURE
Intravariceal pressure recorded in 101 patients was
significantly (p<0.01) higher in bleeders (21.4 (5.9)
mmHg) than non-bleeders (12.9 (5.6) mmHg). A
highly significant positive correlation (r=0.59,
p<O.OOl) was seen between variceal pressure and
bleeding, indicating that patients with higher
pressures bled more often. Variceal pressure in
patients with different grades of varices is shown in
Figure 1 and Table 3. In non-bleeders, intravariceal
pressure was comparable between different variceal
grades. In the bleeding groups, however, patients
with large varices (Conn's grade 3, 4 and Westaby's
grade 3) had higher pressures than patients with small
varices. The difference, however, reached signific-
ance only in Westaby's classification. On the other
hand, bleeders under either classification had

. . . . . .U i ------ -- &PT-
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significantly higher intravariceal pressure as com-
pared with non-bleeders with similar variceal grades
(Table 3).

Intravariceal pressure was found to be significantly
higher when patients with one or more red colour
signs were compared with those in whom these signs
were absent (23.5 (10.5) v, 11-9 (6.6) mmHg respect-
ively, p<0-001). Intravariceal pressure in variceal
bleeder and non-bleeder patients because of differ-
ent aetiologies of portal hypertension is shown in
Figure 2. There was no significant difference in the
mean (SD) intravariceal pressure in bleeders with
portal hypertension caused by cirrhosis (20-8 (5.5)
mmHg), non-cirrhotic portal fibrosis (21.6 (4.7)
mmHg), and extrahepatic portal vein obstruction
(23.0 (6.6) mmHg). Similarly in non-bleeders, mean
(SD) intravariceal pressure did not differ significantly
in patients with cirrhosis (11.4 (5.6) mmHg), non-
cirrhotic portal fibrosis (13.7 (2.6) mmHg), and
extrahepatic portal vein obstruction (12-8 (8.4)
mmHg). Using the discriminant function analysis,
intravariceal pressure was found to be the second
Inost important variable which could explain 11-8%
variability.

STATUS OF IHE LIVER DISEASE
The majority (63%) of our patients had Child's A
liver disease. There was no significant difference in
the rate of bleeding between patients belonging to
Child's A (60%/), B (50%), and C (56%) class of liver
disease. On applying discriminant function analysis,
Child's grading of liver disease was able to explain
only 0-9% variability.

USF OF DISCRIMINANI 'UNCIION ANALIYSIS IN
PREDICTING VARICEAI BLEEDING
In the next step, we used the potential of each
variable in explaining the variation for predicting
variceal bleeding. Discriminant function and step-
wise multiple regression analyses were done in 101
patients, because the intravariceal pressure data in
the remaining 25 (13 bleeders and 12 non-bleeders)
were not available. For calculating the discriminant
function equation, of the three variables for assessing
the variceal size, only Conn's grading was used as it
gave the maximum percentage variability. All the 12
variables taken together, could explain only 54%
variability, the remaining 46% variation could not be
explained by the parameters studied by us.

Six of the 12 variables provided 51% of the total
variation and we therefore decided to use these six
variables to develop a discriminant function equation
for classifying variceal bleeders -
Yp= -0-60+0- 19 X 1 +0 16 X2+0-034 X3+0-01 X4

+0-15 X5+003 X6
where Yp=value for predicting bleeder or non-
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Fig. 2 Intravaricealpressute in vat iceal bleedets and non-
bleeders with differ-ent aetiologies ofportal hypertension
(cirr= cirrhzosis, NCPF= non-cirrliotic portalfibrosis,
EHO=extrahepatic portal vein obstruction).

bleeder, Xl - colour of varices, X2 - presence of
cherry red spots on the varices, X3 - presence of
red wale markings, X4 - presence of hematocystic
spots, X5 - Conn's grading of the size of oesophageal
varices and X6 - intravariceal pressure.
On substituting the values of these six variables for

a patient, if the equation resulted in a value of more
than 0-5, the patient was identified as a bleeder and if
otherwise, then as a non-bleeder. Based on this
discriminant function, 81% of the non-bleeders and
85% of the bleeders could be correctly classified.

Discussion

The search for the mechanisms of variceal rupture
and the factors influencing variceal bleeding con-
tinues.' 7-'''" In the present investigation, we have
retrospectively evaluated the correlation between
haemorrhage from varices and 12 clinical, endo-
scopic and haemodynamic variables. These variables
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include almost all the factors which could be object-
ively assessed and have been known to be directly or
indirectly associated with variceal bleeding. Based on
discriminant function analysis, our results indicate
that six of the 12 variables studied, have an important
bearing on variceal bleeding. These include in the
order of decreasing importance - variceal size,
intravariceal pressure, presence of cherry red spots
over the varices, colour of varices, presence of red
wale markings, and haematocystic spots over the
varices.
Our observations indicating that larger varices

bleed more often than smaller varices, are in agree-
ment with other workers.' 'There is, however, some
confusion and subjectivity in the literature in assess-
ing variceal size. Dagradi and coworkers classified
varices into five grades;'i Conn grouped them into
four grades;4 Westaby and colleagues' categorised
them into three grades and Garcia-Tsao et al identi-
fied variceal size as either large or small.' Except for
Westaby's classification, the other four grading
systems (the commonest prototype being Conn's
classification) evaluate two aspects of variceal size;
the diameter (extent of projection into the lumen)
and the circumference of the oesophageal wall
occupied by them. Westaby's classification takes into
consideration only the diameter of a single varix.
According to both the grading systems, larger varices
were assessed to bleed significantly more than
smaller varices. Conn's grading was found to be
slightly more sensitive than Westaby's in correctly
predicting variceal bleeding (88% i, 78%), though
the difference was not significant. Westaby's variceal
grading can be of advantage, in an occasional patient
where one sees only a single variceal column instead
of the usual three to four columns. There is no
specific criteria for variceal size assessment in
Japanese Research Society for Portal Hypertension
grading system. Evaluation of variceal form is closest
to assessing variceal size. While variceal form did
correlate with variceal bleeding, assessed individu-
ally, it was of little help as it could explain only 30o
variability.
Next to size, intravariceal pressure was the most

important variable in predicting variceal bleeding. It
has been previously shown that intravariceal pressure
measured directly, closely reflects intrasplenic
pressure.'7'' Measurement of intravariceal pressure
is a relatively non-invasive and simple technique and
can be performed before routine sclerotherapy.'
Moreover it reliably reflects portal pressure in
patients with non-cirrhotic portal fibrosis and extra-
hepatic portal hypertension, conditions where
wedged hepatic venous pressure underestimates the
portal pressure.' Intravariceal pressure was found to
be significantly higher (p<0.01) in patients who had

bled from varices than non-bleeders event for the
same variceal size. In fact, a strong positive correla-
tion (r=0.59, p<0-001) was seen between bleeding
and variceal pressure. Amongst bleeders, however,
intravariceal pressure did not differ significantly with
variceal size. Our findings are supported by the
observations of Garcia-Tsao et al' who found that
hepatic venous pressure gradient was higher in
bleeders than non-bleeders with similar variceal
grades. They also found that the gradient did not
differ much with variceal size in bleeders. Our results
agree that a portal pressure of less than 12 mmHg is
rarely associated with variceal bleeding. In fact, as
shown in figure 2, only two of the 72 bleeders had a
variceal pressure of less than 12 mmHg.

Significant importance has been given by
Japaneses' and German"` workers to the endo-
scopic appearances of varices. In the present study,
we carefully looked for the reliability of these signs.
While it was clear that white coloured varices rarely
bleed, the converse was not true. Only 63%o of the
blue varices had bled. Presence of the red colour
signs, namely cherry red spots, red wale markings
and haematocystic spots was significantly more often
associated with variceal bleeding, but it was not
discriminatory. Patients with a positive red colour
sign also had a significantly (p<0.0l) higher mean
intravariceal pressure than those in whom this sign
was not visible. Similar observations have also been
reported by Kleber and coworkers."'' These investi-
gators did not correlate variceal pressure or red
colour signs with the frequency of variceal bleeding.

Non-cirrhotic portal fibrosis and extrahepatic
portal vein obstruction are very common causes of
portal hypertension in developing countries such as
India. The initial presentation of the majority of
patients with these diseases is with variceal bleed-
ing."'5-'s In the present series of 126 patients, 47%
patients had cirrhosis, 28% had non-cirrhotic portal
fibrosis, and 24% had extrahepatic portal vein
obstruction. It is to be noted that while only 44% of
the cirrhotics presented with a variceal bleed, 66% of
the non-cirrhotic portal fibrosis, and 70(% of the
extrahepatic portal vein obstruction patients pre-
sented with a variceal bleed. Intravariceal pressure
was not significantly different in patients with the
three different actiologies of portal hypertension
indicating that intravariceal pressure is probably not
responsibie for the higher frequency of bleeding in
non-cirrhotic portal fibrosis and extrahepatic portal
vein obstruction. It seems reasonable to assume that
as paticnts with non-cirrhotic portal fibrosis and
extrahepatic portal vein obstruction have good liver
functions"'`'s unlike cirrhotics, they present only
after a variceal bleed or with symptoms caused by a
massive splenomegaly.
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While it is known that after a bleed, patients with
Child's C cirrhosis have a less favourable prognosis
than patients with Child's A,"' it is uncertain whether
the former bleed more often than the latter. Our
results did not reveal any significant difference in the
bleeding rates of patients with different Child's
grades of liver disease. These observations, however,
should be interpreted with caution as the population
of portal hypertension patients in the West almost
totally consists of cirrhotics. In the present study,
53% of the patients did not have cirrhosis of the liver
and the majority of the cirrhotics belonged to Child's
A class of liver disease.
One of the important observations of our study was

that even after collectively evaluating all the 12
known variables, only 54% variability for predicting
variceal bleeding could be explained. In other words,
there remained other variables influencing variceal
bleeding, which are either unknown or cannot be
evaluated at present. In the latter group falls an
important variable, the thickness of the variceal wall.
Groszmann suggested with the help of La Place's law
{T=TP (r/w), where T is the variceal wall tension, TP
is the transmural pressure - that is, the gradient
across the wall and r is the radius of the varix and w is
the thickness of the varix},2 that the wall tension
increases out of proportion to the rise in pressure in
blood vessels.+" This is because a rise in the pressure
causes an increase in the radius and a decrease in the
wall thickness. Unfortunately, at present the applic-
ability of La Place's law is hypothetical, because
there is no known technique to measure the thickness
of the variceal wall accurately. Endoscopic ultra-
sound may be of help in the future.'
The discriminant function obtained using the six

most important predictors was found to be able to
correctly identify bleeders from non-bleeders in
more than 80% of the patients with portal hyperten-
sion. This investigation combined endoscopic,
haemodynamic and clinical parameters and is prob-
ably the first concerted report in the literature to
correctly identify variceal bleeders. While the dis-
criminant function equation developed is expected to
be helpful in correctly predicting variceal bleeders,
the search for the unknown variables influencing
variceal bleeding should continue.

We are grateful to the Indian Council of Medical
research for partial financial assistance in carrying
out this study.
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