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bstract

Background. Abdominal ultrasound can detect non-invasively the presence of abdominal portal-systemic collaterals in patients with liver
irrhosis. Abdominal portal-systemic collaterals may be protective from the formation and growth of oesophageal varices, but available data
re inconclusive.

Aim. We aimed at investigating the relationship between abdominal portal-systemic collaterals and variceal formation and growth.
Methods. We studied 126 cirrhotic patients without (n = 43) or with small (n = 83) oesophageal varices who entered a protocol of serial

ltrasonographic and endoscopic examinations for a median of 55 months. Presence and kind of abdominal portal-systemic collaterals was
ecorded on first ultrasonography and on each control thereafter.

Results. At inclusion, abdominal portal-systemic collaterals were found in 19/43 patients without varices and in 23/83 patients with
mall varices (NS). There was no difference in variceal formation and growth between patients with and without abdominal portal-systemic
ollaterals at inclusion. However, patients developing new abdominal portal-systemic collaterals during follow-up had a significantly higher
ate of variceal formation (56.2% vs. 22.2%; p = 0.024) and growth (52.9% vs. 30.6%; p = 0.041) compared with patients with unchanged
ltrasonography.
Conclusions. Abdominal collaterals are not protective from the formation or growth of oesophageal varices. Conversely, new abdominal
ortal-systemic collaterals emergence is a non-invasive clue of formation and progression of varices. Therefore, endoscopy is probably
ndicated whenever new abdominal portal-systemic collaterals are detected in cirrhotic patients.

2007 Editrice Gastroenterologica Italiana S.r.l. Published by Elsevier Ltd. All rights reserved.
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. Introduction

Portal hypertension is the most common complication
f liver cirrhosis. Its most frequent consequence is the
ormation of a collateral portal-systemic circulation that

evelops in an attempt to decompress the portal system
1]. The clinical significance of the development of collat-
ral vessels such as gastro-oesophageal varices is related

∗ Corresponding author at: Dipartimento di Medicina Interna, Cardioangi-
logia, Epatologia, Policlinico S. Orsola-Malpighi, Via Albertoni 15, 40138
ologna, Italy. Tel.: +39 051 6362211; fax: +39 051 6362210.

E-mail address: marco.zoli@unibo.it (M. Zoli).

s
[
u
s
c
D
w
h

590-8658/$30 © 2007 Editrice Gastroenterologica Italiana S.r.l. Published by Else
oi:10.1016/j.dld.2007.08.011
onography

o their progressive enlargement and rupture, which carries
15–35% risk of short-term death for patients undergoing
first episode of bleeding [2]. When medium–large size

F2–F3 according to Beppu classification) [3] oesophageal
arices are observed, a medical or endoscopic treatment
hould be performed to reduce the risk of variceal rupture
4]. Therefore, it has been suggested that patients should
ndergo periodic surveillance endoscopies until the diagno-
is of F2–F3 varices is made, since non-invasive techniques

annot accurately predict this occurrence [4]. Ultrasound-
oppler (US) can diagnose abdominal collateral vessels,
hich are a specific clue of portal hypertension [5,6]: they
ave been reported in 38% of unselected cirrhotic patients

vier Ltd. All rights reserved.
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7], and some of them, such as ectasic left gastric vein
r spontaneous spleno-renal shunts, are pathophysiologi-
ally linked to the formation of gastro-oesophageal varices.
atent paraumbilical vein (PUV), which connects the por-

al venous system to the external iliac venous district via
he veins of the ventral abdominal wall and the inferior
pigastric vein [8], is the collateral circulation on which
ost data have been accumulated. It is present in 9–26% of

nselected cirrhotic patients [9], and it is more frequently
een in patients with decompensated disease [10], and in
lcoholic patients [11]. Due to its anatomical connection,
UV does not feed oesophageal venous district, and some
uthors claim that it bears a protective role on variceal rup-

ure [12]. Abdominal collateral circulation has also been
orrelated to the presence of oesophageal varices [7]. At
his time there is no study investigating the clinical mean-
ng of ultrasonographic finding of a patent PUV or of other
bdominal collateral vessels in the subset of patients without
arices or with small varices; specifically, it is not known
hether abdominal collaterals represent a hint of a more

dvanced step in the natural history of the disease or a
rotection from the de novo development or growth of gastro-
esophageal varices. The aim of this study was to examine
hese aspects.

. Materials and methods

.1. Patients

This study was approved by the Senior Staff Committee of
niversity Hospital, a board that regulates non-interventional

tudies and is comparable to an Institutional Review Board.
atients were recruited among the cirrhotic population fol-

owed up at the ultrasonography and endoscopy laboratories
f the two units participating in the study between 1992
nd 2004. In agreement with the international consensus, we
sually follow-up cirrhotic patients with endoscopy at 2–3
ears intervals when they have no varices and at 1–2 years
ntervals when they show small varices at the first examina-
ion. Patients also routinely underwent abdominal US every
months for screening and surveillance of the occurrence of
epatocellular carcinoma.

In the present analysis we enrolled all the patients with
irrhosis diagnosed by biopsy, laboratory or clinical features,
ith at least two endoscopic controls and paired (±1 month)
S examinations, showing no varices or small (F1 in Beppu’s

lassification) varices at first endoscopy. Clinical and labora-
ory data at entrance were collected. We excluded patients
ith portal vein thrombosis (PVT), multifocal hepatocar-

inoma (HCC), previous endoscopic treatment for variceal
radication and previous or current treatment with beta-

lockers. Overall, 157 files of patients without varices or
ith small varices at first endoscopy were analysed; 31 cases
ere excluded due to the presence of PVT (n = 8), multifocal
CC (n = 6), previous endoscopic treatment of oesophageal
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arices (n = 4) or inadequate endoscopic and/or ultrasono-
raphic follow-up (n = 13).

The study cohort consisted of 126 cirrhotic patients (age
7 ± 10 years; males 58.7%), 43 (34.1%) without varices and
3 (65.9%) with small varices at first observation. Aetiology
f cirrhosis was related to HCV in 52 cases (41.3%), alcohol
elated in 46 cases (36.5%), HCV and alcohol related in 13
ases (10.3%), HBV related in 6 cases (4.8%), HBV and HCV
elated in 3 cases (2.4%) and in 6 cases (4.7%), patients’
irrhosis was caused by other aetiologic factors.

Child–Pugh score was in mean 6.3 ± 1.5 points; 73
atients (57.9%) belonged to Child class A, 47 patients
37.3%) to class B and 6 patients (4.7%) to class C.

The endoscopic endpoints evaluated were the first appear-
nce of gastro-oesophageal varices in patients without varices
t entrance and the progression to medium–large size varices
n patients with small varices at entrance. The ultrasono-
raphic endpoint was defined as the de novo appearance
f one or more abdominal portal-systemic collateral (APC),
ithout taking into account possible changes in their size
r blood flow. Mean follow up was 55 ± 36 months (range
2–159). Table 1 summarizes the clinical, endoscopic and
ltrasonographic data of the population studied.

.2. Ultrasonographic evaluation

In our centres the presence and the site of spontaneous
ortal-systemic collaterals (APC) are routinely investigated
n cirrhotic patients; these data were collected at first observa-
ion and at each following evaluation from the US files of the
atients. Echo-Doppler evaluation were obtained by a small
umber of experienced operators, using two different ultra-
onographic equipments (Esaote Ansaldo AU5 and Esaote
echnos, Genoa, Italy) with a 4.5–7 MHz convex probe pro-
ided by a colour- and pulsed Doppler device. APC were
dentified by the finding of convoluted anechoic channels
ith venous flow confirmed by colour-Doppler. Collateral
essels were categorized as follows: PUV was diagnosed
hen a vessel directing to the abdominal wall with hep-

tofugal flow was seen in connection with the left branch
f portal vein; collaterals supplied by left gastric vein (LG)
hen collateral vessels posterior to the left hepatic lobe with
epatofugal flow were seen; spleno-renal shunt (SR) when
ortuous, collateral vessels were seen between spleen and
eft kidney; other vessels were noted as “other” collater-
ls. Photographic records were available in all the included
ases.

.2.1. Statistical analysis
Statistical analysis was performed by SPSS statistical

ackage (SPSS Inc., Chicago, IL, USA). All results are
xpressed as mean ± standard deviation (S.D.). Comparisons

etween groups were done by Student’s t-test for unpaired
ata. Comparisons within each group were tested using Stu-
ent’s t-test for paired data for parametric variables and by
hi-square test for frequencies. Correlations between con-
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Table 1
Main baseline clinical, biochemical and ultrasonographic characteristics of the patients included in the study

Overall (n = 126) No varices (n = 43) Small varices (n = 83) p No APC (n = 84) APC (n = 42) p

Age (years) 57 ± 10 56 ± 11 57 ± 11 0.66 58 ± 10 54 ± 11 0.07
Gender (M/F) 74/52 22/21 52/31 0.21 48/36 26/16 0.68
Child–Pugh score 6.3 ± 1.5 6.7 ± 1.7 6.4 ± 1.6 0.31 6.0 ± 1.3 7.6 ± 1.8 <0.001
Ascites (none/slight/severe) 99/25/2 31/10/1 68/15/1 0.55 72/12/0 27/13/2 0.006
Encephalopathy (n) 3 1 2 0.62 0 3 0.04
No/F1 varices (n) 43/83 24/60 19/23 0.10
Gastric varices (n) 1 0 1 0.47 0 1 0.15
Gastropathy (n) 18 5 13 0.82 7 11 0.02
Bilirubin (mg/dl) (n.v. 0.2–1.1) 1.8 ± 1.5 1.7 ± 1.6 1.9 ± 1.4 0.65 1.4 ± 1.1 2.7 ± 1.8 <0.001
INR (n.v. 0.90–1.20) 1.39 ± 0.28 1.34 ± 0.26 1.43 ± 0.29 0.26 1.31 ± 0.26 1.51 ± 0.28 0.001
Albumin (g/dl) (n.v. 3.5–5.0) 3.5 ± 0.6 3.6 ± 0.5 3.4 ± 0.7 0.22 3.7 ± 0.7 3.2 ± 0.5 0.01
APC at US (%) 38.0 44.1 27.7 0.42
P 14.5
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endoscopic signs of portal hypertension at enrolment devel-
oped oesophageal varices, with a mean incidence of 6.5%
per year. At first observation 19 (44.1%) patients without
varices had APC at US; among these, 11 (25.6%) had a
UV at US (%) 18.2 25.6

values refer to the comparison between patients with and without varices (fi
olumn).

inuous variables were made by Pearson’s test. A p value of
0.05 was considered statistically significant.

. Results

.1. Presence and progression of abdominal collaterals
t US (Table 2; Fig. 1)

Forty-two patients (33.3%) showed APC at baseline;
mong these 23 showed PUV. In patients with PUV, other
bdominal collaterals were observed significantly more fre-
uently than in patients without PUV (43.4% vs. 18.4%;
< 0.01). Patients with APC at baseline had a higher
hild–Pugh score, a higher rate of ascites and hypertensive
astropathy, and they showed a trend towards a lower rate
f presence of oesophageal varices compared with patients
ithout APC (Table 1).
During follow-up 50/126 patients (39.7%) developed new

bdominal APC at US, with a mean incidence of 7% per year.
o patient experienced disappearance of APC. No difference

n the rate of appearance of new APC was observed between
atients without varices (16 out of 43) and patients with small
arices (34 out of 83; p = 0.545) at enrolment. A de novo
UV was observed in 18 out of 50 cases (8 out of 16 patients
ithout varices at enrolment and progression of US and 10/34

ith small varices at enrolment).
No difference in the rate of de novo formation of APC was

bserved between patients who at baseline had no varices and

able 2
istribution of abdominal portal-systemic collaterals studied at US in the

tudied population observed at baseline (n = 126)

UV 23 (18.2%)
G 11 (8.7%)
R 13 (10.3%)
ther 5 (3.9%)

he 52 collaterals were observed in 42 patients. PUV: paraumbilical vein;
G: left gastric vein; SR: spleno-renal shunt.

F
o
b

0.19

mn) and to the comparison between patients with and without APC (second

o APC (10/24) and patients who at baseline had F1 varices
nd no APC (26/60; p = 0.826). Similarly, no difference was
bserved in the rate of aggravation of APC between patients
ho at baseline had no varices and at least one APC (6/19)

nd patients who at baseline had both F1 varices and APC
8/23; p = 0.889).

.2. Progression of endoscopic signs of portal
ypertension according to US findings

The worsening of portal hypertension at endoscopy was
ssociated with the de novo appearance or aggravation of
PC at US (Chi square p = 0.003; Table 3). Overall, among
atients with new APC, varices appeared or increased in
ize in 54.0% while in patients with stable US this occurred
n 27.6% of the cases (p = 0.003). The same was observed
ndependently whether the patients had or not APC at first
bservation (Tables 3 and 4).

.2.1. Formation of oesophageal varices in patients with
nd without APC

During follow-up 15/43 (34.9%) of the patients without
ig. 1. Formation and growth of APC according to the presence or absence
f oesophageal varices at inclusion. As shown, no difference was observed
etween the two groups.
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Table 3
Parallelism between endoscopic and ultrasonographic signs of portal hyper-
tension in the whole population studied

Stable endoscopic
signs of portal
hypertension
(n = 78)

Worsening of endoscopic
signs of portal
hypertension (n = 48)

Stable ultrasonographic
signs of portal
hypertension (n = 76)

55 21

Worsening of
ultrasonographic signs
of portal hypertension
(n = 50)

23 27

Chi square 8.89; p = 0.003.

Table 4
Parallelism between endoscopic and ultrasonographic signs of portal hyper-
tension in the studied population without APC at entrance (n = 84)

Stable endoscopic
signs of portal
hypertension
(n = 49)

Worsening of endoscopic
signs of portal
hypertension (n = 35)

Stable ultrasonographic
signs of portal
hypertension (n = 48)

34 14

Worsening of
ultrasonographic

15 21
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signs of portal
hypertension (n = 36)

hi square 7.2; p < 0.01.

atent PUV. No difference in the rate of appearance of varices
as observed between patients with APC (6 out of 19) and
atients without APC (9 out of 24; p = 0.686) at baseline
xamination (Fig. 2). Similarly, no difference in the rate of
ormation of varices was found between patients with and
ithout PUV at baseline examination (2 out of 11 vs. 13 out
f 32, respectively; p = 0.276).

The rate of formation of varices was significantly higher
n patients with new abdominal collaterals formed on follow-
p versus patients with stable US: 56.2% versus 22.2%,
= 0.024. In 33.3% of these patients, the worsening of

S was noted several months before variceal appearance

in mean 23.8 ± 13.0 months before), while in 66.7% it was
etected on the US examination paired to endoscopic control.
he diagnostic value of the finding of new APC in the setting

ig. 2. Formation and growth of oesophageal varices according to the pres-
nce or absence of APC at inclusion. As shown, no difference was observed
etween the two groups.
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f variceal appearance was as follows: sensitivity 60%, speci-
city 75%, positive likelihood ratio 2.40, negative likelihood
atio 0.53.

The appearance of oesophageal varices in patients with a
e novo PUV versus those presenting with other kind of new
bdominal collaterals was not statistically different (75.0%
s. 37.5%; p = 0.131).

.2.2. Progression of oesophageal varices in patients
ith and without APC

In 33/83 patients (39.8%) with small varices at entrance we
bserved a progression of the varices, with a mean incidence
f growth of 9% per year. No patient showed regression of
esophageal varices. Patients with small varices at baseline
ere not significantly different from those without varices for

everity of liver dysfunction (Table 1). At first observation 23
27.7%) patients with small varices had APC at US; among
hese, 12 (14.5%) had a patent PUV. No difference in the rate
f progression of varices was observed between patients with
PC (7 out of 23) and patients without APC (26 out of 60;
= 0.283) at baseline examination (Fig. 2). In addition, no
ifference in the rate of growth of varices was found between
atients with and without PUV at baseline examination (3
ut of 12 vs. 30 out of 71, respectively; p = 0.347).

Variceal progression occurred significantly more in
atients with new abdominal collaterals on follow-up ver-
us patients with stable US: 52.9% versus 30.6%, p = 0.041.
n 44.4% of these patients the worsening of US was noted
ome months before variceal appearance (in mean 12.6 ± 6.7
onths before), while in 55.6% it was detected on the US

xamination paired to endoscopic control. The diagnostic
alue of the finding of new APC in the setting of variceal pro-
ression was as follows: sensitivity 54.5%, specificity 68%,
ositive likelihood ratio 1.78, negative likelihood ratio 0.65.

Variceal progression rate did not differ in patients with de
ovo PUV versus patients with appearance of other abdomi-
al collaterals (60.0% vs. 45.8%; p = 0.753).

. Discussion

Previous studies have shown that the presence of col-
aterals at US had a sensitivity of 80% in detecting portal
ypertension and that a higher number of collaterals corre-
ate with a higher HVPG [13]. Also, PUV and APC in general
re more often seen in patients with decompensated disease
10,14] and with alcoholic cirrhosis [11], who as well more
ften show large oesophageal varices, leading to the com-
only held concept that abdominal collateral circulation is

n indirect sign of severe portal hypertension. While some
uthors found a very high rate of large oesophageal varices in

atients with PUV supporting this hypothesis [15,16], other
uthors claimed a protective role of PUV on the development
f large oesophageal varices [17] and on the risk of variceal
leeding [12].
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Whether abdominal collaterals, and particularly PUV,
hould or should not be viewed as a sign of more severe
ortal hypertension or as a protective factor on the progres-
ion of endoscopic signs of portal hypertension is an open
uestion, since there is no study including data on the time
ourse of endoscopic and ultrasonographic signs of portal
ypertension to verify which of these hypotheses is correct.
his study was designed to clarify this issue.

We found that collaterals at ultrasound are already present
n about one third of the patients without varices or with small
nes, and that in this population they are more frequent in
hild B–C patients, thus confirming a previous report that it

s an indirect sign of advanced disease [7]. Also, patients with
PC had a higher prevalence of ascites, confirming previous
ata [14].

Comparing patients with and without APC at baseline,
e found a trend toward a lower prevalence of varices in the
roup with US collaterals at enrolment (Table 1). This result,
ogether with the finding that in some cases APC appeared
everal months before oesophageal varices, suggests that in
ome cases abdominal collaterals at US are the first picture
f portal hypertension. Probably depending from a different
natomy, in some cases portal hypertension seems to lead
rst to the opening of APC and later to that of oesophageal
arices, while in other cases, oesophageal varices may open
efore the opening of APC; along time, as portal hypertension
rogresses, both US and endoscopic signs of portal hyperten-
ion simultaneously progress as demonstrated by the present
tudy.

Due to the inclusion criteria of this study, we could not
est the hypothesis that US collaterals are more frequently
ound in patients with larger oesophageal varices; yet, in a
rospective study recently performed by our group on cir-
hotic patients with medium–large oesophageal varices [18],
e found that one or more collateral vessels were visible at
S in 66.7% of patients, a prevalence about two-fold that we

eport in the present study in patients with milder endoscopic
igns of portal hypertension.

As for the rate of appearance and growth of oesophageal
arices, our data confirm previous observations by our group
19] and by other authors [20–22], but more importantly, the
resence of abdominal collaterals at the first US examination
as not correlated to a higher rate of development or worsen-

ng of endoscopic signs of portal hypertension. Specifically,
patent PUV did not seem to be protective on the formation
r growth of oesophageal varices, since the rate of appear-
nce or growth of oesophageal varices were nearly identical in
atients with or without PUV at baseline examination (Fig. 2);
urthermore, similarly to what observed in the whole popu-
ation, the appearance of a new PUV correlated with a higher
ate of appearance of varices.

We recognize some limitations of the present study. Due

o the lack of a predefined sample size, underestimation of a
ossible protective effect of abdominal collaterals on the for-
ation and growth of varices cannot be excluded. However,

revious observations by other Authors support our results. It
ver Disease 40 (2008) 62–67

as been suggested in fact that abdominal collaterals are not
rotective on large varices formation and on variceal rupture
17,12], and as variceal formation, growth and rupture are a
ontinuum of events, these data are in agreement with our
ndings.

As for the ultrasonographic studies, there might have been
possible underrating of abdominal collaterals due to abdom-

nal gas or obesity. However, this possible bias would have
een constant in all the examinations, and patients with insuf-
cient visualization at US were excluded from the present
nalysis; moreover, US operators were skilled in the exami-
ation of cirrhotic patients.

Nonetheless, the main finding of this study is that the
ormation of new APC and the progression of portal hyper-
ension on endoscopy had a parallel course: in the follow-up,
bout 40% of cirrhotic patients showed one or more new APC
t US examinations; this subgroup of patients showed a wors-
ning of endoscopic signs of portal hypertension more often
han patients with unchanged US findings.

Therefore, our data suggest that the observation at US of
ew APC might be considered a non-invasive clue of wors-
ning of portal hypertension. In consideration of the fact that
s much as 10% of acute variceal bleeding episodes (which
till carry a 15–20% mortality in cirrhotic patients) occur in
he interval between two scheduled control endoscopies, our
nding may be relevant in clinical practice, as it suggests to
erform an earlier surveillance endoscopy in the subgroup
f patients showing aggravation of APC at US examination,
hus potentially avoiding significant morbid-mortality due to
ariceal rupture.

In conclusion, abdominal collaterals are a frequent finding
t US examination in cirrhotic patients without oesophageal
arices or with small varices and are not protective from the
evelopment or growth of oesophageal varices. Patients with
orsening of US signs of portal hypertension, in terms of new
PC, present worsening of the endoscopic picture signifi-

antly more frequently than patients with stable APC. APC
an therefore be considered a non-invasive clue of ongoing
orsening of portal hypertension, and it may be suggested

hat this could represent an indication to shorten the interval
etween endoscopic controls in cirrhotic patients.

Practice points

• Abdominal collaterals at ultrasound are a fre-
quent finding in cirrhosis.

• Collaterals are more frequently observed in
decompensated patients.

• They are not protective from the develop-
ment or growth of oesophageal varices.
• Conversely, variceal formation and growth
are more frequent in patients with increasing
collaterals at ultrasound.
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Research agenda

• The observation of new abdominal portal-
systemic collaterals may represent an indi-
cation to shorten the interval between
endoscopic controls in cirrhotic patients.
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• The usefulness of this approach needs to be
prospectively confirmed.
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