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Presence of portosystemic collateral veins (PSCV) is common in portal hypertension due to cirrhosis. Physiolog-

ically, normal portosystemic anastomoses exist which exhibit hepatofugal flow. With the development of portal

hypertension, transmission of backpressure leads to increased flow in these patent normal portosystemic anas-

tomoses. In extrahepatic portal vein obstruction collateral circulation develops in a hepatopetal direction and

portoportal pathways are frequently found. The objective of this review is to illustrate the various PSCV and

portoportal collateral vein pathways pertinent to portal hypertension in liver cirrhosis and EHPVO. (J Cun

Exp HepaToL 2012;2:338-352)

Imostany vein in the abdomen may serve as a poten-

tial collateral channel to the systemic circulation.

Presence of abnormal collateral vessels appears to
be one of the most sensitive (70-83%) and specific sono-
graphic signs for the diagnosis of portal hypertension.1
When blood flow through a vessel or a vascular bed is ob-
structed due to occlusion, as in EHPVO, or distortion, as in
liver cirrhosis, collateral pathways open up as blood by-
passes the occlusion or obstruction, always flowing down
a pressure gradient from a high pressure to a low-pressure
vessel or bed. The formation of portosystemic pathways oc-
curs due to reopening of collapsed embryonic channels or
reversal of the flow within existing adult veins.>® The
number of collateral channels depends on the severity of
portal hypertension i.e. the differential gradient driving
the flow between the portal and the systemic circulations
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and the duration of portal hypertension. The more severe
and more prolonged the portal hypertension, the higher
are the number of portosystemic pathways. However, this
traditional hypothesis has been challenged and it has
been suggested that the formation of portosystemic
collateral circulation may be due in part to angiogenesis
driven by vascular endothelial growth factor.*®

Almost 50 years have passed since the first detailed de-
scription of portosystemic collateral veins (PSCV) in portal
hypertension .e1ppeared.6 Precise mapping of PSCV is essential
to therapeutic decisions and multidetector computerized to-
mography (MDCT) is sometimes used for cartography of
PSCV.” EUS is increasingly being used for evaluation of
PSCV and additionally provides an option for performing
therapeutic interventions.® In addition to PSCV, PPCV path-
ways are frequently found in extrahepatic portal vein obstruc-
tion (EHPVO). The objective of this review is to illustrate the
various PSCV and PPCV pathways pertinent to portal hyper-
tension in liver cirrhosis and EHPVO.

NORMAL PORTOSYSTEMIC ANASTOMOSES

The left gastric vein (LGV) anastomoses with the esophageal
veins, which in turn drain into the azygos vein (AV). The su-
perior rectal vein (SRV) anastomoses with the middle and in-
ferior rectal veins (IRV), which are, respectively, tributaries of
the internal iliac and the pudendal veins. The paraumbilical
vein (PUV) anastomoses with subcutaneous veins in the ante-
rior abdominal wall. In the retroperitoneal region, tributaries
of the splenic and pancreatic veins anastomose with the left
renal vein. Short veins also connect the splenic and colic veins
to the lumbar veins of the posterior abdominal wall. The veins
of the bare area of the liver also communicate with those of
the diaphragm, as well as the right internal thoracic vein.”

THE DIRECTION OF COLLATERAL FLOW

The direction of collateral flow is always to bypass the
occluded portion of the vessel. When vascular obstruction
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is intrahepatic, collateral vessels drain away from the liver
(hepatofugal collateral circulation). When the obstruction
is extrahepatic, the collateral circulation usually develops
toward the portal vein beyond the site of obstruction and
thus drains toward the liver (hepatopetal collateral circula-
tion). However in cirrhosis hepatopetal pathways can be
presentand in EHPVO hepatofugal pathways can be found.

ORDER OF APPEARANCE OF COLLATERAL

The vascular structure of the bowel wall is complex. There
are intraepithelial channels, a superficial venous plexus,
and deep submucosal and adventitial veins. In addition,
perforating veins connect the adventitial and deep submu-
cosal veins. Backpressure transmitted through the
tributaries of the portal vein results in the engorgement
of the collaterals outside the gut wall in a para-
esophageal, para-gastric para-rectal or paracholedochal lo-
cation.'® ™ In turn, this is followed by dilatation of veins
on the surface of the visceral wall in a peri-esophageal,
peri-gastric or perirectal location. Presence of perforating
veins allows the transmission of this backpressure to the

‘backwaters’ of the gut wall and results in the formation
of varices in a submucosal or subepithelial location. These
submucous veins are, thus, the first sites of ‘bloodlogging’
and become varicose before those upon the outer surface of
esophagus in portal hypertension (Figure 1).'?

In patients with oesophageal varices dilated deep intrin-
sic veins displace the superficial venous plexus, assume
a subepithelial position and are easily seen on endoscopy
as the red color sign on varices i.e. telangiectasiae, cherry
red spots, hemocystic spots and red wale markings or as
the varices themselves. PSCV present in the peri-
esophageal, peri-gastric and perirectal areas are easily
seen by EUS.'*'® Veins on the mucosal aspect can cause
gastrointestinal luminal bleeding and those outside the
wall may cause extraluminal ie. pleural or peritoneal

bleeding.19’20

CLASSIFICATION OF COLLATERAL
PATHWAYS

The simplest classification of PSCV puts esophagogas-
tric varices into one group and all other varices as
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Figure 1 Venous anatomy in portal hypertension. Backpressure results in formation of varices on or outside the wall of the gut. The varices outside the
wall are called para-in location and varices adjacent to the muscular layer are called peri-in location. From these locations the blood travels through the
muscular layer via perforators to the deep intrinsic veins, which lie in submucosa. The hematocystic spots represent focal weakness on the variceal wall.
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ectopic varices. Ectopic varices are defined as large PSCV
occurring anywhere in the gastrointestinal tract other
than the esophagogastric region. Such ectopic varices
are located predominantly in the duodenum, jejunum,
ileum, colon, rectum, omentum, gallbladder, bile duct,
uterus, vagina, diaphragm and urinary bladder and at
enterostomy stoma and anastomotic sites.”’ Some au-
thors describe PSCV according to their drainage into ei-
ther the superior vena cava (SVC) or the inferior vena
cava (IVC).”

ESOPHAGEAL VARICES
Venous Drainage of Esophagus

The venous drainage of thoracic esophagus to systemic
veins occurs mainly through the azygos (AV) and hemiazy-
gos venous system.22 The drainage to AV caudal to the arch
of the AV occurs by eight to ten veins, which drain from
right border of esophagus to join the medial aspect of
AV. The veins on left side of esophagus drain into hemia-
zygos veins. Partial drainage of the esophagus also occurs
into bronchial and pulmonary veins. The bronchial vein ul-
timately drains into AV or pulmonary veins. Direct drain-
age of esophagus also occurs into pulmonary veins.”’
The venous drainage of abdominal esophagus occurs pre-
dominantly to the left gastric vein (LGV) a tributary of the
portal venous system and partly to IVC via superior and in-
ferior phrenic veins. Physiologically, the LGV drains the
major part of the esophageal-cardiac area and a part of
the fundic area before joining the portal vein. LGV has
two branches.?* The anterior branch of LGV drains the car-
diac region and the posterior branch terminates by joining
the AV, the right posterior bronchial vein, or the venous
plexus on the surface of the right bronchus. Para-
esophageal veins are present on the side of esophagus
and are connected with the posterior branch of the LGV
(Figure 2).10:23:25

The Afferent to Esophageal Varices

In majority of cirrhotics, LGV is the afferent to esophageal
varices (EV).

The Efferent from Esophageal Varices

1. In 78% of cases, the LGV connects to the AV and SVC via
esophageal and para-esophageal varices.

2. In 12% of cases, they drain into IVC. Exceptionally, the
LGV may anastomose directly with the vc?e

3. LGV drains into AV and left brachiocephalic vein in an
almost equal percentage. In a series of 324 cases, the
drainage vein was the AV in 228 cases and the subcla-
vian-brachiocephalic vein in 166 cases. Some cases
had dual drainage27

4. The channels between the LGV and the AV can have di-
rect connections also and in such cases the flowing
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blood participates in formation of para-esophageal col-
laterals only without formation of EV

5. The efterents of EV can drain into the pulmonary veins
directly, more often on the left side. The bronchial and
pulmonary veins are connected through preexisting
bronchial venous plexuses. It has been speculated that
tracheal and bronchial varices may develop through col-
lateral channels, which normally exist between the tra-
cheal and esophageal venous systemszs_‘m

GASTRIC VARICES

Applied Anatomy and Venous Drainage
of Stomach

Gastric varices (GV) are generally defined as cardiac or fun-
dic according to their location. This location is consistent
with the boundary line of portosystemic shunting.” This
area of shunting is mainly in posterior wall of the cardiac
or the fundic area, which is fixed to the retroperitoneum
and is the closest site to the systemic circulation. Isolated
GV are related to gastroepiploic (GEV) veins and are lo-
cated in body of stomach.’’?? As the esophagus pierces
the diaphragm, several small esophageal veins join the
superior and inferior phrenic veins, which drains the
diaphragm and abdominal esophagus into the IVC.

The stomach drains either directly or indirectly into the
portal vein as follows:

1. Short gastric veins drain from the fundus to the splenic
vein

2. Left gastroepiploic vein (LGEV) moves along greater
curvature to splenic vein

3. Right gastroepiploic (RGEV) moves from the right end
of greater curvature to superior mesenteric vein

4. Left gastric vein moves from the lesser curvature of the
stomach to the portal vein

5. Right gastric vein moves from the lesser curvature of the
stomach to the portal vein

The Afferents to Gastric Varices

The afferents to GV come from left gastric vein, short gas-
tric veins and posterior gastric vein. Cardiac varices form
from three to four submucosal branches of the anterior
branch of the left gastric vein, which penetrate the gastric
wall at the level of the cardia. These cardiac varices are con-
tiguous with submucosal varices of the lower part of the
esophagus (Figure 3).'%>

There are usually several short gastric veins. The short
gastric veins course along the greater curvature on the me-
dial side of the spleen to empty into the splenic vein.?® The
posterior gastric vein is a distinct vein localized between
the left and short gastric veins, which runs superiorly in
the retroperitoneum and gastrophrenic ligament and
joins GV.Y
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Trachea I
Right Brachiocephalic vein4\7 %/
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Superior vena cava

Drainage into LBCV from LGV
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Figure 2 Efferents from esophageal varices. Posterior branch of LGV runs a spiral course on the posterior surface of esophagus to reachiits right border
close to right bronchus where it terminates by joining the azygos vein, the right posterior bronchial vein or the venous plexus on the right bronchus. The
posterior branch can join the para-esophageal varices directly. The anterior branch of LGV can join the EVandGOV-1 located at cardia and terminates in
the hemiazygous vein or the left posterior bronchial vein. The efferents of EV can drain into azygous vein, bronchial vein or pulmonary veins.

The Efferents from Gastric Varices communication with phrenicopericardial vein ultimately
drains into brachiocephalic vein.>**!

3. Rarely the GV can drain into azygos venous system via
ascending lumbar vein, and vertebral plexus.

L. In ~84% of cases, they are connected to the superior 4 The gastrorenal shunt can participate in formation of

vena cava via the esophageal varices. gastrogonadal collaterals as the left gonadal vein joins

GV can enter systemic veins through several channels
(Figure 4).

34

2.

Majority of GV form the gastrorenal shunt (80-85% of
cases) while 10-15% form the gastrocaval shunt.” The
gastrorenal shuntis formed mainly by lower branch of in-
ferior phrenic vein, which can open into the renal vein di-
rectly (spleno-gastro-phreno-renal shunt) or via left
adrenal vein. The gastrocaval shunt drains via the upper
branch of inferior phrenic vein into IVC and is frequently
contiguous with the phrenicopericardial vein.*>**>° The

the lower border of left renal vein.

. Direct splenorenal shunts constitute a direct communi-

cation between the splenic vein and the left renal vein,
sometimes through the splenic capsule. This type of di-
rect portosytemic shunting can be considered analo-
gous to direct shunting of blood from posterior
branch of LGV to para-esophageal veins and AV with-
out formation of esophageal varices.>* Sometimes
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Figure 3 Afferents to gastric varices. The afferents to GV come from left
gastric vein, short gastric veins and posterior gastric vein the left gastric
vein mainly contributes to formation of cardiac varices whereas the short
gastric vein and posterior gastric vein contribute to formation of fundal
varices. Isolated gastric varices are more likely to be related to gastro-
epiploeic veins.

Pericardio phrenic vein

SHARMA & RAMESHBABU

a direct shunt can exist between the spleen and adrenal
vein bypassing the gastric area (spleno-adrenalo-renal
shunt).

. Spontaneous, indirect splenorenal shunts; character-

ized by presence of a complete neurovascular pedicle
traversing the gastrophrenic ligament can exist in
some cases. In such cases the gastric collateral vein is
connected to the left renal vein via the inferior phrenic
vein and the middle capsular vein, and is called as “gas-

tro-phreno-capsulo-renal shunt”.*?

. The GV located in fundus can sometimes communicate

with and drain into hemiazygos vein but they rarely
communicate with the azygos venous system.

. In patients with isolated GV, the main afferent venous

drainage is via the posterior gastric or short gastric veins
alone, and the efferent venous drainage is mainly via the

gastric/splenorenal shunt and the inferior phrenic vein
3

to the inferior vena cava.*
. In exceptional cases spleno-gonado-renal collateral ves-
sels can drain from the splenic vein to the left renal vein
via a gonadal vein.**

Azygos vein 4)

Hemi Azygos vein

Inferior Vena Cava
1. Inferior phrenic vein

gastro caval shunt——

/-§

2. Inferior phrenic vein
(gastro-phreno-renal-shunt)

3. Inferior phrenic vein

(gastro-phreno-adreno-renal shunt)

4. Spleno-adreno-renal shunt

Left adrenal vein

5. Direct Spleno renal shunt
Renal vein

6. gastro phreno capsulo renal shunt

Capsular vein

Gonadal vein
7. Gastro gonadorenal or
gastro renogonadal shunt

Figure 4 Efferents from gastric varices. The efferent of gastric varices can enter the superior vena cava via azygos venous system by continuing up-
wards as esophageal varices or by joining ascending lumbar veins. The drainage into inferior vena cava occurs by direct shunts or via one of the
tributaries joining inferior vena cava (1). Commonly the gastric varices join the renal vein by the shunts shown in the figure (2, 3, 4, 5, 6 and 7). The
left inferior phrenic vein can join the renal vein directly or via the adrenal vein. It can also go anteriorly to esophagus to join in IVC.
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ECTOPIC VARICES IN DUODENUM
Venous Drainage of Duodenum

Duodenal varices (DV) account for 1-3% of all varices in
patients with portal hypertension.lo The rare occurrence
of bleeding from DV, in contrast to esophageal varices,
may be related to their smaller diameter, shorter length
and deeper location on the outer wall of the duodenum
(paraduodenal varices).*>*® The paraduodenal varices
may enter through perforators into submucosa of the
duodenum. After entering the submucosa they may be
endoscopically inevident initially when they appear as
thickened duodenal folds but generally become
endoscopically evident before they bleed.

Main tributaries of portal venous system (portal vein, su-
perior mesenteric vein and splenic vein) drain the duode-
num and pancreas. Four small pancreatico duodenal veins
drain the head of the pancreas and the adjacent second
and third portions of the duodenum. The four veins regu-
larly form an anterior and sometimes a posterior arcade
through anastomoses between the superior and inferior
veins. These anastomoses are usually small, although an ar-
cade occasionally is as large as its draining veins. The supe-
rior veins are larger than the inferior veins and drain a larger
portion of the head of the pancreas. The posterior superior
pancreatico duodenal vein joins the portal vein. The anterior
superior pancreatico duodenal and both the anterior and
posterior inferior pancreatico duodenal veins are related ei-
ther to superior mesenteric vein (SMV) or one of the two ma-
jor tributaries of the SMV. The two major tributaries of the
SMYV are the gastrocolic trunk and the first jejunal trunk
which join the SMV roughly at the same level but on oppo-
site sides. This multiplicity of communications suggests
that no one vessel is indispensable as a collateral pathway.*’

The Afferents to Duodenal Varices

The afferents to DV are related to pancreatico duodenal ve-
nous arcades, which are in communication with portal ve-
nous systern.48 The afferent channels for duodenal varices
can be formed by any of the tributaries of portal venous
system and the veins marked by stars (*) in Figure 5 have
been demonstrated to act as afferent channels of duodenal
varices pathway. The veins marked by two stars (**) repre-
sent sub-tributaries of main portal venous system tributar-
ies that have been shown to act as afferent channels of
duodenal varices pathway (Figure 5)."*

The Efferents from Duodenal Varices

The efferents from DV reveal two different patterns. In cir-
rhosis, they are formed in the descending or transverse
parts of the duodenum and flow hepatofugally via retro-
peritoneal shunts (also called veins of Retzius) into the
IVC via the following veins (Figure 6) '*:

1. Right renal vein (mesenterorenal shunt)
2. Gonadal vein (mesenterogonadal shunt)

17* 20

11* 10*

Figure 5 Venous drainage of duodenum and afferents to duodenal vari-
ces. 1. PV* = portal vein, 2. SV* = splenic vein 3. SMV* = superior mes-
enteric vein 4. GT = gastrocolic trunk 5. PSPDV** = posterior superior
pancreatico duodenal vein 6. RGEV = right gastroepiploic vein 7.
RCV = right colic vein, 8. AIPDV** anterior inferior pancreatico duodenal
vein, 9. PIPDV** posterior inferior pancreatico duodenal vein, 10. IPDV**
inferior pancreatico duodenal vein, 11. Middle colic vein* 12. Ist jejunal
trunk 13. ASPDV** = anterior superior pancreatico duodenal vein, 14.
Duodenal vein—subpyloric vein** 15. Duodenal vein—Suprapyloric
vein*™* 16. Prepyloric vein of Mayo 17. Paraumbilical vein* 18. Cystic
vein 19. Left gastric vein 20. Right gastric vein. { } Duodenal varix.

. Lumbar veins

. Iliac vein

Right suprarenal vein

. Right inferior phrenic vein

. Tributary of right renal vein-right inferior adrenal vein

N »n AW

Duodenal varices can also drain by subcostal vein and
ascending lumbar vein into vertebrolumbar-azygos path-
way and SVC (Figure 6).

Portoportal Efferents of Duodenal Varices

In extrahepatic portal vein obstruction (EHPVO) efferents
of DV are formed in the duodenal bulb which flow hepato-
petally via portoportal collaterals into the liver.'**">?
Portoportal collaterals develop from either preformed
venous plexuses near the common bile duct (CBD) or
from the patent tributaries of portal vein above the
occluded part of the portal venous system> (Figure 7).

ECTOPIC VARICES IN SMALL INTESTINE
Venous Drainage of Jejunoileal Varices

Mesenteric collateral vessels may arise from the superior
(SMV) and inferior mesenteric veins (IMV) and may
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—

Peri cardio
phrenic vein

Hemi azygos vein

Superior phrenic vein

Right Inferior phrenic vein (7)
Left Inferior phrenic vein

Right sub costal vein (9)

Left sub costal vein

Right Supra renal vein (6)
Right Inferior adrenal vein (11)*

Left Supra renal vein

Right Renal vein (1)*
Left Renal vein
Lumbar vein (3)

Gonadal vein (2)*

IVC (5)

Ascending lumbar vein (8)

Common lliac vein (4)*

External lliac vein

Internal lliac vein
Middle rectal vein

Internal pudendal vein

Inferior rectal vein

Figure 6 Efferents (hepatofugal) from duodenal varices. The efferent from DV can be hepatopetal or hepatofugal. The figure shows hepatofugal path-
ways from the duodenal varices which can go to following tributaries. 1. Right renal vein (mesentero renal shunt)* 2. gonadal vein (mesentero gonadal
shunt)* 3. lumbar veins 4. iliac vein* 5. IVC = inferior vena cava, 6. right suprarenal vein 7. right inferior phrenic vein 8. Ascending lumbar vein 9. Right
subcostal vein 10. Azygos vein 11. Tributary of right renal vein—right inferior adrenal vein*. The veins marked by stars (*) have been demonstrated to act

as hepatofugal collaterals of duodenal varices.

ultimately drain into the IVC via the retroperitoneal or pel-
vic veins. Veins of Retzius are various veins in the dorsal
wall of the abdomen forming anastomoses between the in-
ferior vena cava and the superior and inferior mesenteric
veins. Such anastomoses between the portal and the sys-
temic venous system can exist even under normal condi-
tions. Ibukuro et al identified veins of Retzius at CT

344

arterio-portography in approximately similar proportions
of patients with and without liver cirrhosis.* In contrast
to other portosystemic shunts, even in patients with portal
hypertension the veins of Retzius are often not dilated and
hence not well recognized. Various pathways of veins of Re-
tzius are sometimes defined according to the receiving vein
(mesenteric-gonadal, mesenteric-caval, mesenteric-renal or
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Figure 7 Para and pericholedochal collaterals. The hepatopetal collat-
erals use the venous plexus on or around the bile duct to reach liver. The
venous drainage of the common bile duct is mostly by veins that ascend
along the common bile duct and both hepatic ducts, forming an epicho-
ledochal venous plexus of Saint, and enter the liver to break up into capil-
laries. Veins from the lower part apparently empty into the portal vein into
paracholedochal venous plexus, which lies on the right and left side of
common bile duct. The right-sided plexus can communicate with gas-
trocolic trunk (GT) and pancreatico duodenal vein to the cystic vein or
directly to liver. The left sided plexus can communicate with first jejunal
trunk (FJT), left and right gastric vein (LGV and RGV) and with the left
portal vein (LPV).

mesenteric-iliac.) An ileocolic vein draining into the IVC or
the right renal vein through the right gonadal vein (mesen-
teric-gonadal varices) is the most frequently demonstrated
pathway among the veins of Retzius. More rarely, anasto-
mosis may occur with the left gonadal vein via a venous
network developed from the inferior mesenteric vein.

Retroperitoneal shunts predominantly related to gastric
and duodenal varices have been discussed in detail above.
There are other retroperitoneal shunts where the tributar-
ies of SMV can contribute as an afferent vessel to jejunal,
ileal and colonic varices. The tributaries of IMV can make
a major contribution toward formation of rectal vari-
ces 5455

Jejunoileal varices are frequently associated with prior
abdominal surgery. The development of these varices is of-
ten due to collateral circulation through postoperative ad-
hesions between the jejunum or ileum and the abdominal
wall. Adhesions tend to bring the parietal surface of the vis-
cera in contact with the abdominal wall, and portal hyper-
tension results in the formation of varices.

Afferents to Jejunal and Ileal Varices

Jejunal and ileal veins (tributaries of SMV).

Efferents from Jejunal and Ileal Varices

The efterents of small bowel varices generally drain into ab-
dominal wall. They may also drain into veins of Retzius.*®

ECTOPIC VARICES IN LARGE INTESTINE
Applied Anatomy of Colonic and Rectal Varices

Colonic varices, are usually located in the cecum, and recto-
sigmoid region. They are usually found in a segmental dis-
tribution and are often associated with cirrhosis or portal
vein obstruction. Less common causes of colonic varices
are congestive heart failure, mesenteric vein thrombosis,
pancreatitis with splenic vein thrombosis, adhesions and
mesenteric vein cornpression.%’58

Conventional EUS (7.5 or 12 MHz) reveals rectal varices
as rounded, oval, or longitudinal echo-free structures in
the submucosa and also shows perirectal veins outside
the rectal wall. Sato et al demonstrated that intramural rec-
tal varices, perirectal collateral veins, and the communicat-
ing veins between intramural rectal varices and perirectal
collateral veins could be observed clearly via an ultrasonic
microprobe.'>7

The right colon is drained by three tributaries of SMV,
which include the ileocolic, right colic and middle colic
veins. Tributaries joining inferior mesenteric vein drain
the rest of the colon.

Venous drainage of rectum requires more detailed de-
scription as pelvic veins contribute to formation of two
plexuses in the wall of rectum, the extrinsic and intrinsic
venous plexuses (Figure 8).

Colonic Varices

Afferents to Colonic Varices
Following vessels can act as afferent:
1. Ileocolic vein

2. Right colic vein

3. Middle colic vein
4. Sigmoid colonic vein

Efferents from Colonic Varices

Efferents can drain into veins of Retzius, which include:

. Right gonadal vein

. Right renal vein

. Systemic lumbar veins

. A part of the veins of the ascending colon drain via the
right renal capsular vein into the IVC.®?

DWW DN -

Rectal Varices
Afferents to Rectal Varices

Inferior mesenteric vein (IMV) continues as the superior
rectal vein and acts as afferent to rectal varices. In a nation
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Figure 8 Afferents to rectal varices. The blood from superior rectal vein
goes to extrinsic rectal venous plexus (ERVP). From the ERVP the blood
flows into intrinsic rectal venous plexus (IRVP). The rectal varices are
formed from the superior group of submucosal veins of IRVP.

wise survey in Japan the most frequent afferent vessel was
the inferior mesenteric vein, followed in order by the supe-
rior rectal vein.!* The blood from superior rectal vein goes
to extrinsic rectal venous plexus (ERVP), which lies outside
rectum below the level of peritoneal reflection. From the
ERVP the blood flows by perforators through the muscu-
laris propria into intrinsic rectal venous plexus (IRVP)
which consists of two groups of veins - the superior group
lying in the rectal submucosa and the inferior group lying
in the corresponding anal subcutaneous tissue. The supe-
rior group of veins has a plexiform arrangement in the anal
column where they form zone of internal hemorrhoids in
the submucosa and pass up for a distance of about
10 cm above the pectinate line to form the superior rectal
vein after piercing the muscular wall. The superior rectal
vein provides the venous drainage of rectum in the upper
part. The rectal varices are formed from this superior group
of upper submucosal veins of IRVP. The inferior group of
IRVP lying in the anal subcutaneous tissue passes down to
form the inferior rectal vein and contribute to formation of
external hemorrhoids® (Figure 8).

Efferents from Rectal Varices

Rectal varices represent portal systemic collaterals that are
manifested as discrete dilated submucosal veins and con-
stitute a pathway for portal venous flow between the supe-
rior rectal veins of the inferior mesenteric system and the
middle and inferior rectal veins of the iliac system. On
IMV venography the blood in RV flows from superior rec-
tal vein to middle and inferior rectal veins.®*®® In a nation-
wide survey in Japan, it was reported that the efferent vessel
for rectal varices included the internal iliac vein and the in-
ferior rectal vein.!* In this series the hemodynamic profile
was unknown in about 50% of cases with rectal varices. Por-
tal hemorrhoidal blood flows from both ERVP and IRVP
into the systemic circulation through the recto genital
and inter-rectal portosystemic shunts. The recto genital
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communication connects the rectal venous plexus with
vesico-prostatic or vaginal venous plexus. The inter-rectal
communications occur between the three rectal veins
both in ERVP and IRVP®° (Figure 9).

ECTOPIC VARICES: OMENTAL COLLATERAL
VESSELS

Numerous collateral vessels can pass thought the greater
omentum before connecting to the systemic circulation.
They usually have a small diameter.

Afferents to Omental Varices

1. Superior or inferior mesenteric veins

Efferents from Omental Varices

1. The retroperitoneal or pelvic veins.
2. Omental veins may also drain into GEV.

ECTOPIC VARICES: VEINS OF SAPPEY
Veins of Sappey

In 1883, Sappey described accessory portal veins entering
the liver capsule from different locations. These vessels
play a role in the origin of transhepatic portosystemic
shunts and are sometimes the only PSCV capable of trans-
porting portal blood into the liver in EHPVO. The different
locations are:

1. Upper part of falciform ligament -superior veins of

Sappey,

2. Lower part of falciform ligament-inferior veins of
Sappey

3. Ligamentum teres in the central part of falciform
ligament-the recanalized umbilical vein

4. Left triangular ligament-left inferior phrenic vein and
intercostal vein

5. Right triangular ligament-right inferior phrenic vein

Common iliac vein

External iliac vein ———————<
Internal iliac vein o

Superior rectal vein
Internal pudendal
vein

external rectal

venous plexus
inter-rectal shunt

recto genital shunt
Prostate
Middle Rectal Vein

Internal rectal
venous plexus

Inferior Rectal Vein

Figure 9 Efferents from rectal varices. From both ERVP and IRVP the
portal hemorrhoidal blood works into systemic circulation through two
portosystemic shunts (recto genital and inter-rectal).
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6. Gastrohepatic omentum (cystic veins and branches of
left gastric veins)

7. Diaphragmatic veins (bare area of liver)

8. Ligamentum venosum-patent ductus venosus if present

The paraumbilical veins are also called inferior veins of
Sappey. They accompany ligamentum teres (obliterated
left umbilical vein) in the falciform ligament and connect
anterior parietal veins (superior and inferior epigastric
veins in the rectus sheath and thoracoepigastric vein in
subcutaneous tissue) at umbilicus with left branch of por-
tal vein. Paraumbilical veins connected with numerous
subcutaneous vessels of the anterior abdominal wall, create
a “caput medusae” pattern.

Superior veins of Sappey are present in the upper part of
falciform ligament connecting the convex anterosuperior
surface of liver to diaphragm and connect with internal
thoracic veins through diaphragm.

Similarly  portosystemic communication
through bare area of liver with right inferior phrenic vein
and through left triangular ligament with left intercostal
veins, left pericardiacophrenic vein and left inferior phrenic
veins. Dilated right epigastric vein (caput medusae) has
also been shown to connect to a varicose vein in the ante-

rior right thigh where they have been responsible for pres-
67

occurs

ence of varicose vein in lower extremities.

Afferent to Umbilical Varices

The left branch of portal vein receives the umbilical and
paraumbilical veins to form umbilical varices by the recan-
alised ligamentum teres in the falciform ligament.

Efferents from Umbilical Varices

Superior and inferior epigastric veins are the efferents of
umbilical varices. The most common path of drainage of
paraumbilical veins is through the inferior epigastric veins,
which follow the posterior face of the rectus abdominis
muscles to finally reach the external iliac veins. However,
paraumbilical vessels may also anastomose with internal
thoracic veins and drain into the superior vena cava.

ECTOPIC VARICES: VESICAL VARICES

Vesical varices are rare in patients with portal hypertension
because the bladder wall is an unusual collateral route for
the venous splanchnic blood. Generally reported cases of
vesical varices have a history of abdominal surgery.®®”"

ECTOPIC VARICES: VAGINAL AND UTERINE
VARICES

Venous Drainage of Vagina and Uterus

The anatomy of the vagina and uterus makes them un-
likely locations to develop varices as the uterus has an ex-

tensive venous plexus, which primarily drains into the
uterine veins and later into the internal iliac vein (part of
systemic circulation). The vagina also has a venous plexus,
which similarly drains into the internal iliac vein via bilat-
eral vaginal veins. The plexuses are in communication with
each other and with the vesical and hemorrhoidal plexuses.

Afferent to Vaginal and Uterine Varices

Superior portion of the hemorrhoidal pl<a><us.72’73

Efferent from Vaginal and Uterine Varices

Venous plexuses of uterus and vagina, internal iliac vein
and uterine veins.

ECTOPIC VARICES: GALLBLADDER VARICES
Gallbladder Varices

Gallbladder varices are present in ~12% of patients with
portal hypertension but are more frequent in those with ex-
trahepatic portal hypertension (30%). The GB wall varices
refer to presence of varices in or outside the wall of GB
in a pericholecystic location.”*

Afferents to Gallbladder Varices

Cystic vein, branch of the right portal vein.

Efferents from Gallbladder Varices

They may drain to hepatic vein or intrahepatic portal vein;
they may also drain into systemic anterior abdominal wall
collaterals.”®

ECTOPIC VARICES: BILIARY VARICES

Biliary Varices

Extrahepatic obstruction of the portal vein (EHPVO) may
cause extensive collateral venous circulation at the porta
hepatis. Portal hypertensive biliopathy (PHB) refers to ab-
normalities of the biliary tract in patients due to these por-
toportal collaterals.”*”” These collateral veins are related to
2 preformed venous systems near the extrahepatic bile
ducts: the paracholedochal (PACD) veins of Petren, and
the epicholedochal (ECD) venous plexus of Saint. The
PACD venous plexus of Petren runs parallel to the CBD,
and the ECD plexus of Saint veins form a reticular mesh
on the surface of the CBD.”®”” Early changes of PB occur
with engorgement of the paracholedochal veins of Petren
and the epicholedochal venous plexus of Saint, which lie
adjacent to and within the biliary duct walls, respectively.
The PACD collaterals, if dilated, may cause extrinsic
compression and protrusion into the thin and pliable
CBD, and the ECD collaterals, if dilated, may make the
normally smooth intraluminal surface of the CBD
irregulargo’81 Venous compensation through the
paracholedochal veins in the setting of chronic PVT
results in scalloped or smooth indentations in the ductal
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lumen that can be seen by ERCP or MRCP. Engorgement
of the smaller epicholedochal veins results in thickened,
enhancing bile duct walls on cross-sectional images.®”
EUS in portal hypertension has shown that collaterals en-
ter subepithelial layer of CBD after perforating the fibro-
muscular layer of CBD wall and lie as intracholedochal
varices (ICDV).*® The origin of these perforators from
PACD collaterals acted as the link between veins outside
the muscular wall of the CBD and those inside the muscu-
lar wall. Saint’s anatomic studies suggest that dilatation of
the PACD veins will occur first in portal hypertension, and
ECD varices related to Saint venous plexus have not been
described without accompanying PACD varices.** The
varices have been labeled as intracholedochal varices and
currently EUS appears to be the investigation of choice
in tracing the origin, caliber, entry, and course of ICD vari-
ces throughout the CBD.*® ICDV can temporarily disap-
pear during controlled hypotension with nitroglycerin
infusion and allow therapeutic completion of ERCP in
PHB.®

Portoportal Connections of Biliary Varices

The right-sided plexus can communicate with gastrocolic
trunk (GT) and pancreatico duodenal vein to the cystic
vein or directly to liver. The left sided plexus can commu-
nicate with first jejunal trunk (FJT), left and right gastric
vein (LGV and RGV) and with the left portal vein (LPV).
Generally the flow occurs toward the branches of portal
vein in the liver.”®®!

ECTOPIC VARICES: ANASTOMOTIC AND
STOMAL VARICES

A detailed evaluation of collateral pathways after surgery is
beyond the scope of this review and some of salient fea-
tures are mentioned.

1. Surgery involving apposition of abdominal structures
(drained by systemic veins) to the bowel (drained by por-
tal tributaries) may result in the formation of collaterals
at unusual sites.®

2. The knowledge that ectopic varices predominantly de-
velop at postoperative or inflammatory adhesions may
contribute to localization of the bleeding source.*”*®

3. Hashimoto et al*” found dilated communicating veins
between hepaticojejunostomies (communicating jeju-
nal veins and intrahepatic portal veins in five of nine
subjects with portal vein occlusion). Computed tomo-
graphic arterial portography (CTAP) revealed hepatope-
tal flow into the liver with adequate portal flow to
perfuse the entire liver. Similar collaterals that are the
result of surgery or inflammatory adhesions between
the liver capsule and the mesentery have been discov-
ered with ultrasonography (US) and have been termed
transcapsular collaterals.
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4. Transcapsular collaterals are especially common in pa-
tients who had undergone hepatobiliary surgery and
who had chronic PVT. The explanation for development
of transcapsular collaterals in some of these patients,
who had undergone liver transplantation, was the surgi-
cal dissection of preformed vessel structures in the hep-
atoduodenal ligament and the gallbladder bed—which
are needed for cavernoma formation as one classic path-
way of collateralization.”®

Approximately 50% of patients with surgical digestive
stoma in a context of portal hypertension have stomal vari-
ces. lleostomies and colostomies create a communication
between the venous network of the mesentery (high pres-
sure system) and that of the abdominal wall (low-pressure
system).”'

ECTOPIC VARICES: DIAPHRAGM

Venous Drainage of Diaphragm

Superior surface of diaphragm is drained by pericardio-
phrenic and musculophrenic veins, which drain into the
internal thoracic vein. Inferior phrenic veins drain the infe-
rior surface. The right inferior phrenic vein usually opens
into the inferior vena cava whereas the left inferior phrenic
vein joins the IVC and or left renal or suprarenal vein. Car-
diophrenic varices particularly on the right side are usually
located at a cardiophrenic angle, and rupture is rare.

Afferent to Diaphragmatic Varices

Cardiophrenic varices, are collaterals from the paraumbil-
ical vein.

Efferents from Diaphragmatic Varices

Internal mammary vein.

INTERPORTAL COMMUNICATIONS

The word interportal communication is different from
portoportal communications. The conceptual difference
between portoportal and interportal collateral is that a por-
toportal collateral will be connected to the portal vein on
entry and/or exit whereas an interportal collateral goes
from one part of portal venous system into another part
of portal venous system. Interportal communication indi-
cates flow of blood that bypasses an obstructed segment of
the portal venous system. This occurs mainly in EHPVO
where the collaterals have a tendency to go toward the por-
tal venous system after bypassing the site of obstruction.
These include the portoportal collaterals that have been al-
ready described in biliary varices. However no formal clas-
sification of interportal pathways exists and in a large
venography series, interportal communications were seen
with the left gastric vein, left portal vein, gastroepiploic
vein and from a branch of superior mesenteric vein.%®
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In EHPVO some of the most important collaterals to de-
velop are along the gastroepiploic pathway. Direction of
flow along these collaterals depends on the site of occlu-
sion, whether splenic or superior mesenteric or both. In
cases of isolated splenic vein narrowing or occlusion,
flow in the left gastric vein is hepatopetal toward a low-
pressure system in the portal vein. Patterns of collateral
pathways in extrahepatic portal hypertension have been
demonstrated by multidetector computed tomography.”*

COLLATERAL PATHWAYS IN BUDD-CHIARI
SYNDROME

Three types of obstruction can occur in Budd-Chiari syn-
drome (BCS), which include obstruction to the major he-
patic veins alone (Type I), obstruction to the
suprahepatic IVC alone (Type II) and combined obstruc-
tion to the major hepatic veins and IVC (Type III).” Devel-
opment of collateral pathways depends on the type and
location of obstruction in BCS and can occur in intra
and extrahepatic locations.

Intrahepatic Collaterals

Two forms of intrahepatic collaterals may develop: those
that communicate with systemic veins via the subcapsular
vessels and those that shunt blood from the occluded to
the non-occluded segments of the hepatic vein. The sub-
capsular vessels originate as intrahepatic collaterals but be-
come extrahepatic after going through the capsule of liver
and communicate with left inferior phrenic vein. Intrahe-
patic collaterals, which remain inside liver, develop as
comma shaped collaterals between the adjacent right and
left hepatic vein.”®

Extrahepatic Collaterals

The extrahepatic collaterals include, renal-inferior phrenic-
pericardiophrenic collaterals, esophageal veins, left renal-
hemiazygos pathway, vertebrolumbar-azygos pathway
and superficial collaterals of the abdominal wall.”®

Inferior Phrenic-pericardiophrenic Collaterals

The right inferior phrenic vein usually drains directly into
IVC, whereas the left inferior phrenic vein has two
branches: one ending in the left renal vein and the other
ending in the IVC. In about 75% of cases the ostia of left
hepatic vein and left inferior phrenic veins are close to
each other or the former terminates at the latter.”” The in-
ferior phrenic-pericardiophrenic collaterals can be formed
via both intrahepatic and extrahepatic collaterals in BCS
where the intrahepatic collaterals come via subcapsular
collaterals and the extrahepatic collaterals come via left re-
nal vein (Figure 4). The pericardiophrenic vein, a tributary
of the brachiocephalic vein, has diaphragmatic branches
that anastomose with the inferior phrenic vein (Figure 7)

and in case the blockage extends above the joining of infe-
rior phrenic veins in IVC one of collateral channel can be
directed through the pericardiophrenic veins as inferior
phrenic-pericardiophrenic collaterals (Figure 4).>**

Left Renal-hemiazygos Pathway

Anatomically, the left renal vein is more complex than the
right because of multiple vessels (the inferior phrenic, Cap-
sular, adrenal and gonadal veins) that join the left renal
vein (Figure 6). In addition, the left renal vein communi-
cates with the retroperitoneal vein by the lumbar, ascend-
ing lumbar, and hemiazygos veins in two thirds of cases.
Rarely, the left renal hemiazygos route may constitute
the main central pathway of flow toward the heart in the
BCS.”

Vertebrolumbar-azygos Pathway

Venous flow within the IVC reverses to the common iliac
vein and then continues through the ascending lumbar
vein, anastomosing with the azygos system. This collateral
pathway is the one most commonly seen in BCS. Flow may
reverse through the left renal vein to the gonadal, ureteric,
or capsular vein (perirenal collaterals), onward to the iliac
vein, and then to the vertebral venous system. The flow
may also be directed through the intravertebral, paraspinal
and extravertebral plexuses (Batson's plexus). The ascend-
ing lumbar veins parallel the spine as they ascend through
the retroperitoneum. These veins lie anteriorly or antero-
laterally to the spine and posterolaterally to the aorta
and vena cava (Figure 6).”

Abdominal Wall

The superficial collateral system of the abdominal wall in-
volves the inferior epigastric, circumflex iliac, and superfi-
cial epigastric veins, which arise from the external iliac
and common femoral veins. The inferior epigastric vein,
arising from the external iliac vein, anastomoses with the
superior epigastric vein above the umbilicus and with the
internal mammary vein to reach the subclavian vein.
Flow may follow the common femoral vein through the su-
perficial circumflex iliac vein to the superficial epigastric
vein anastomosing with the lateral thoracic vein. The infe-
rior epigastric vein runs within the lateral umbilical perito-
neal fold, and then passes to the posterior surface of the

. . 9899
musculus rectus abdominis.”

CONCLUSION

It is of importance to delineate variceal hemodynamic pro-
files to understand the pathophysiology of ectopic varices
and establish therapies for them. MR angiography,
multidetector-row CT, CT angiography and EUS are essen-
tial imaging examination. A description of PSCV pathways
is given above. This information can be useful in manage-
ment and evaluation of portal hypertension.
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