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Abstract

AIM: To identify the characteristics of morphology, loca-
tion and collateral circulation involved in paraesophageal
varices (para-EV) of portal hypertension patients with
64-row multidetector computed tomography (MDCT).
METHODS: Fifty-two of 501 patients with portal
hypertensive cirrhosis accompanied with esophageal
varices were selected for 64-row MDCT examination af-
ter the observation of para-EV. The CT protocol includ-
ed unenhanced, arterial and portal phases with a slice
thickness of 0.625 mm and a scanning field of 2 cm
above the bifurcation to the lower edge of kidney.
The CT portal venography (CTPV) was reformatted
on AW4.3 workstation. The characteristics of origina-
tion, location, morphology and collateral circulation in
para-EV were observed.

RESULTS: Among the 52 cases of para-EV, 50 showed
the originations from the posterior branch of left gastric
vein, while the others from the anterior branch. Fifty
cases demonstrated their locations close to the esoph-
ageal-gastric junction, and the other two cases were
extended to the inferior bifurcation of the trachea.
The circuitous pattern was observed in 16 cases, while
reticulated pattern was seen in 36 cases. Collateral
circulation identified 4 cases of single periesophageal
varices (peri-EV) communication, 3 cases of single
hemiazygous vein, one case of single inferior vena
cava, 41 cases of mixed type (collateral communica-

tions of at least 2 of above mentioned types) and 3
cases of undetermined communications. Among all
the cases, 43 patients showed the communications
between para-EV and peri-EV, while hemiazygous vein
(43 cases) and inferior vena cava (5 cases) were also
involved.

CONCLUSION: Sixty-four-row multidetector computed
tomography portal venography could display the loca-
tion, morphology, origin, and collateral types of para-
EV, which provides important and referable information
for clinical management and disease prognosis.
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INTRODUCTION

Esophageal varice is a common collateral circulation
manifestation in portal hypertension, and may cause
a severe complication if ruptured!?. Endoscopic
therapy is an effective approach that is being applied
worldwidel*?, although the recurrences have been
reported in many cases’. Some authors reported that
the existence of perforating veins, the communicating
branches between periesophageal varices (peri-EV) and
paraesophageal varices (para-EV), and their blood flow
found by endoscopic color Doppler ultrasonography
(ECDUS) affected the recurrences of hemorrhage
caused by rupturingl. However, ECDUS is an
invasive technique, requires specialized equipment

www.wjgnet.com



5332 ISSN 1007-9327 CN 14-1219/R

World J Gastroenterol

September 14, 2008  Volume 14 Number 34

and technology, and is incapable of demonstrating the
drainage types and morphologic features of esophageal
varices. Multidetector computed tomography portal
venography (MDCTPV) has been used widely in
collateral circulation studies of esophageal and gastric
varices®®'!. The drainage veins of esophageal vatices can
be cleatly displayed on MDCTPV!. Our study focuses
on the utilization of MDCTPV in observing para-EV
drainage types to provide referable information for
clinical management selection and prognosis evaluation.

MATERIALS AND METHODS

Patient population

A total of 501 portal hypertensive cirrhotic patients with
esophageal varices were investigated from April 2007 to
May 2008. Among them, 52 patients with presence of
para-EV were selected for this study, including 35 male
and 17 female, aged 21-71 years, averaging 45.2 years.
There were 27 cases of hepatitis B, 3 hepatitis C, 16
alcoholic, 2 primary biliary and 4 cases of cryptogenic
cirrhosis. Based on Child’s grading, 9 cases were Grade
A, 28 cases Grade B and 15 cases of Grade C. Among
the 52 patients, 50 were accompanied with gastric
varices. Fifty patients were not treated with esophageal
varice ligation (EVL), esophageal varice sclerotherapy
(EVS) or any other endoscopic therapies, while 1 case
received post-EVL therapy and 1 case received post-
EVS therapy. Liver cirrhosis was confirmed in all
patients through general consideration from clinical
histories, laboratory findings, as well as CT, sonography
or MRI examinations. Informed consent for CT scans
and the use of contrast media were obtained from all
patients before scanning procedures.

Imaging acquisition

A GE VCT 64-row MDCT scanner was applied to
perform unenhanced, arterial and portal vein phase
enhanced scans on all patients. The scanning range
covers from 2 c¢cm above the tracheal bifurcation to the
lower edge of the kidney. One hundred mL of non-ionic
contrast medium (Omnipaque 350) was introduced with
an infusion rate of 4.0 mL/s. The arterial phase scanning
time delay was determined with Smart technology, and
portal phase scanning was initiated at 25 s after the
beginning of arterial phase. Slice thickness was set at
5.0 mm, and reconstitution thickness was 0.625 mm.

Image analysis

Post-processing methods: vertebrae, costal bones and
other structures with bony densities were removed using
GE AW4.3 workstation, and then maximum intensity
projection (MIP), multi-planner reformation (MPR)
technique were applied to reveal the origin, location,
morphology and communicating veins of para-EV. The
3D structures of esophageal varices were displayed with
volume rendering (VR) technique.

Observation item and indications
Origin of para-EV: The relationship between para-EV
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and anterior or posterior branches of the left gastric vein
were examined and determined.

Morphology and location of para-EV: The morpho-
logical patterns of para-EV were categorized into
circuitous pattern and reticulated pattern, in which
circuitous pattern was denoted as para-EV linear, near-
parallel pathways, while reticulated pattern was denoted
as prominent para-EV winding and distortion, forming
meshwork or loops. In case of the presence of both
circuitous and reticulated patterns, the categorization was
determined according to their diameter ratios and then
was defined as “mainly circuitous pattern” or “mainly
reticulated pattern”. Large-diameter vessels with a ratio
of over 1 were defined as dominant type. The para-EV
was divided into 3 sections according to the extent,
including the upper section located at a level superior to
the tracheal bifurcation; the middle section located at or
near the tracheal bifurcation level, and the lower section
located at the abdominal as well as the lower thoracic
segment of the esophageal periphery.

Communicating veins of para-EV: The communica-
tions between para-EV and peri-EV, hemiazygous vein,
subphrenic vein, inferior vena cava and other vessels
were investigated. The criteria set for CTPV judgment
on the communication of para-EV and its collaterals
were as follows: (1) Para-EV was directly conjoint with
the above-mentioned vessels; (2) Para-EV and the vessels
mentioned above were conjoint with their peripheral
circuitous and reticulated blood vessels, respectively.

RESULTS

Origination of para-EV

There were 50 patients with their varices originating
from the postetior branch of the left gastric vein (50/52,
96.15%) (Figure 1A) while the varices of the other 2
patients originated from the anterior branch of the left
gastric vein (2/52, 3.85%), in which the postetior branch
of the left gastric vein was absent and the anterior
branch of left gastric vein routes up and enters the
fundus through the gastroesophageal junction to form
gastric fundal varices. The latter routes up to form peri-
EV, then penetrate through esophageal wall to form
para-EV.

Morphology and location of para-EV

Sixteen cases of circuitous morphological pattern
(16/52, 36.54%) (Figure 1B) and 36 cases of reticulated
motphological pattern (36/52, 63.46%) (Figure 1C) were
observed. The locations of para-EV were identified
as follows: 50 cases in lower section (50/52, 96.15%)
(Figure 1C), 2 cases in middle section (2/52, 3.85%), and
none in upper section.

Communicating veins of para-EV

Among the 52 cases, 3 showed undetermined
communicating vessels (3/52, 5.77%) with 1 of circuitous
morphological pattern, while the others were of reticulated
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Figure 1 A: Para-EV originated from the posterior branch of the left gastric varices (arrow); B: Circuitous morphological para-EV (arrow); C: Para-EV in reticulatous
pattern (short arrow), located at lower section of the esophagus (arrowhead), communicating to hemiazygous vein (long arrow); D: Para-EV communicating to peri-
EV (arrow); E: Para-EV communicating to peri-EV directly (arrow); F: Para-EV communicating to peri-EV with peripheral circuitous appearance (arrow); G: Para-EV
communicating to peri-EV (short arrow) and the hemiazygous vein (long arrow); H: Para-EV communicating to the subphrenic vein (arrow).

Drainage vein Shape Cases Total
Single Peri-EV Reti 4 8
Hemi Cir 8]
Sub Cir 1
Peri-EV + Hemi Cir 8 41
Peri-EV + Hemi Reti 29
Mixed Sub + Peri-EV Cir 1
Sub + Hemi Cir 2
Sub + Peri-EV + Hemi Reti 1
Uncertain Cir 1 3
Reti 2
Total 52

Hemi: Hemiazygos vein; Sub: Subphrenic vein; Reti: Reticular; Cir:
Circuitous.

morphological pattern. In the other 49 cases, 43 cases
involved the peri-EV (43/49, 87.76%) (Figure 1D-G),
and a similar number of patients also demonstrated the
hemiazygous vein (Figure 1B, C and G). Inferior vena cava
was included in 5 cases (5/49, 10.20%) (Figure 1H).

The specific communicating patterns found in this
study were listed as follows (Table 1): 8 cases with single
communication, 41 with mixed communications and,
in 3 cases, the drainage veins of the para-EV remained
uncertain. Among the 8 cases of single communication,
the para-EV connecting to peri-EV (Figure 1E and F)
with reticulated shape was found in 4 cases (4/49,
8.16%), connecting to Hemiazygos vein of circuitous
appearance in 3 cases (3/49, 5.77%), and to the
subphrenic vein draining circuitously in 1 case (1/49,
1.92%).

In the 41 cases of mixed type, the para-EV was
found connecting to peri-EV and hemiazygous vein in
37 cases (37/49, 71.15%) (Figure 1G), with circuitous

shape in 8 cases and reticulated in 29 cases. Three cases
presented para-EV communicating to subphrenic vein:
1 to peti-EV (1/49, 1.92%) and 2 to Hemiazygos vein
circuitously (2/49, 3.84%). In 1 case (1/49, 1.92%),
all the drainage mentioned above was observed with
reticulated appearance. The pata-EV was circuitous in 1
case and reticular in 2 cases of uncertain drainage.

DISCUSSION

The prevalence rate of esophageal varices is high in
patients with liver cirrhosis, and the mortality rate is very
high imposed by massive hemorrhage due to rupture*'.
It is reported that more than 70% of portal hypertension
patients with a variceal bleeding history may suffer from
recurrent bleeding!". The esophageal varice was divided
into three groups: peri-EV, para-EV and perforating
veins!". The factors associated with the rupture of
esophageal varices included the extent and collateral
citculation of peti-EV and para-EV!'*'9. Therefore, the
acquisition of reliable images for the above mentioned
factors will provide valuable information for further
treatment implementation and prognosis of the patients.

Angiography is one of the carliest investigations
applied in hemodynamic evaluation of portal
hypertension-induced esophageal varices by displaying
esophageal varices and their drainage vessels through
arterial portography!'’. However, the invasive procedure
and the incapability to differentiate peri-EV and para-
EV prevent it to be applied in a general clinical setting.

Color Doppler ultrasound has been widely used
to investigate the relationship between EV and
hemodynamics associated with portal hypertension and
liver cirrhosis. But it could not show the para-EV and
peti-EV clearly'®.
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Endoscopy is a more popular approach for the
observation of morphological patterns, extension and
severity of esophageal submucotic varices with the
limitations to intramural and para-EV.,

ECDUS is gradually becoming a useful tool for
esophageal varicose inspection, which is able to display
peri-EV, para-EV, perforating veins and the blood flow
directions of perforating veins!"'**l. However, it is
unable to clearly display the pathway and collaterals of
para-EV. On the other hand, endoscopic sonography
is costly, and also an invasive procedure that requires a
skillful operator, which limited its application in clinical
settings.

MDCTPV has already been a matured investigation
technique used to examine esophageal and gastric varices.
It is competent in displaying the types of morphological
pattern, origin and collateral circulations of esophageal
and gastric varices!'"). Sixty-four-row MDCT consists
of thin slice of 0.625 mm, and a high spatial resolution,
which makes it capable of displaying the communicating
patterns of para-EV and peri-EV. Among the 52 cases
in our study, this pattern of collateral circulation was
shown in 49 (94.23%) cases. Generally, it is a non-
invasive technique, and hence, it can be used to evaluate
para-EV conveniently. However, displaying of this sort
of collaterals is relatively rough and unsatisfactory in
detail if compared with EUS. In addition, it is incapable
to assess the blood flow directions of paraesophageal-
periesophageal collateral circulation due to the characters
of CTPV.

According to our study, vast majority of para-EV
originate from the posterior branch of left gastric vein,
and only 2 cases originated from the anterior branch
of left gastric vein. The latter is highly associated with
gastric fundal varices. A previous report suggested
that?!]) in cases of coexisting gastric fundal varices and
esophageal varices in lower esophageal segment, the
extent of esophageal varices could be aggravated after
imposing obliteration therapy for gastric fundal varices.
In our study, there was one patient who experienced
alleviation of gastric varices with aggravated para-EV
and peri-EV after receiving gastroesophageal varices
treatment. The origination of para-EV may be related
directly to its anatomical formation.

In our study, para-EV was found more abundant
near the superior part of the gastroesophageal junction,
which is also the lower esophageal segment (96.15%)
than in the middle segment (3.85%). There was no
para-EV involved in the upper segment. This suggests
that para-EV usually occurs in the middle and lower
esophageal segment and drains into the vena cava system
through collateral vessels. The involved drainage vessels
that we have noted were peti-EV, hemiazygous veins and
subphrenic veins.

The communicating branches of para-EV and
hemiazygous vein manifest as drainage “detour” veins
bypassing along the anterior descending aorta to the
hemiazygous vein, and subsequently drain into the
superior vena cava. Ibukuro ef a#? desctibed the above
anatomic changes as preaortic vein using CT and CTAP
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application. This “detour” is a commonly seen drainage
route, and has an occurrence rate of 87.76%.

The hemodynamics of para-EV communicating
peri-EV is relatively complicated. The communicating
vessels of para-EV and peri-EV are mostly situated
close to the top of the catdia level. Sato e al” observed
the presence of perforating veins between peri-EV
and para-EV with Levovist ECDUS, and meanwhile,
he found the bidirectional blood flow of peri-EV and
para-EV, which included the directions from para-EV
to peri-EV and from peri-EV to para-EV, as well as
mixed type that presented both blood flow directions.
This may explain why previous para-EV studies about
the recurrence risk of post-esophageal varices treatment
remain controversial?%?>24,

Para-EV can still drain into the inferior vena cava
through the subphrenic vein, or directly communicate
with the inferior vena cava. The subphrenic veins are
the bilateral vessels which end up at inferior vena cava
at the diaphragm level™!. The communication between
para-EV and subphrenic veins shown on CTPV was
consistent to the precaval route and morphological
pattern as reported by Ibukuro e a/*! from their CTAP
and autopsy findings.

The degree of varices will be more severe if the
morphological patterns of para-EV are reticulated.
Under such condition, para-EV and peri-EV are
individually communicated, or may be accompanied
with hemiazygous vein drainage. They will mostly drain
into the hemiazygous veins or subphrenic veins if the
collaterals of para-EV are circuitous. Explanations about
this correlation and its pathological significance require
further studies.

Even though CTPV is incapable of displaying
the blood flow directions of para-EV, it has a certain
guidance value for EUS application. If para-EV is
detected on CTPV, EUS should be further implemented
to confirm the presence of specific communicating
branches between peri-EV and para-EV as well as the
location and hemodynamic characteristics of their
communicating branches so as to provide relevant
referable information for treatment selections.

COMMENTS

Background

The existence of para-EV and perforating veins and the direction of their blood
flow can affect the recurrence of hemorrhage caused by rupturing.
Research frontiers

The morphology, location and collateral circulation characteristics of para-EV in
portal hypertensive patients were studied with 64-row multidetector computer
tomography portal venography (MDCTPV), which is a non-invasive method.
Innovations and breakthroughs

In majority cases of this study, the collateral circulation pattern of para-EV and
the morphological characteristics of para-EV were revealed thanks to the high
spatial resolution images of the advanced MDCT and the appropriate image
post-processing.

Applications

MDCTPV is a noninvasive method to display the morphological characteristics
of para-EV, which is useful in clinical management and disease prognosis.
Terminology

Paraesophageal varices are the varices that exist outside the esophagus. Peri-
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EV is the varices that exist in the esophageal wall or the submucotic varices.
Perforating vein is the communicating branch between peri-EV and para-EV.
The subphrenic vein is the bilateral vessel that ends up at inferior vena cava at
the diaphragm level. CTPV is the abbreviation of CT portal venography.

Peer review

This is a good review with excellent images. MDCTPV is a convenient method
to display the morphological and collateral circulations of the para-EV. It is of
important value in the selection of clinical therapy and evaluation of prognosis.
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