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Transjugular intrahepatic portosystemic shunt (TIPS) is one
of themost technically complex procedures in interventional
radiology, the need to connect two veins with variable
anatomy, located in two different planes in hard and many
times small cirrhotic livers using a needle, can be quite
challenging. Despite more than 30 years of performing
TIPS, the complex hemodynamics of the portal system are
not fully understood, and sometimes unpredictable alter-
ations of the portal flow can lead to serious unexpected
complications. The best strategies to prevent TIPS complica-
tions are optimal patient selection, meticulous technique,
operator experience, and immediate correction of identified
adverse events. The purpose of this article is to review the
technical complications with TIPS, the unique complications
related to the use of stent grafts, and the late complications
after the procedure, with emphasis on ways to prevent and
treat them.

Procedural Complications

The overall rate of procedural complications ranges from 10
to 20%. Reported procedural TIPS mortality is less than 2%.

Life-threatening complications include hemoperitoneum,
hemobilia, liver ischemia, cardiac failure, and sepsis.1–3

Complications can be avoided by careful patient selection
and procedural planning. Elective TIPS candidates should be
evaluated during a scheduled clinic appointment. Review of
the history, recent images, and laboratory exams is manda-
tory. The most recent MELD and MELD-Na scores should be
calculated to assess the expected prognosis. The patient and
family should be informed about the potential complications
and available alternatives. A careful review of the most
recent cross-sectional imaging studies available is very
important to understand the anatomy, assess vessel patency,
and rule out tumors. A diagnostic echocardiogram is essen-
tial in nonurgent cases. Cardiology clearance is highly rec-
ommended in patients with history of valvular disease, prior
myocardial infarction, pulmonary hypertension, or with any
other significant cardiac history. In high-risk patients (MELD
�18. MELD-Na�15) who are potential transplant candi-
dates, and who will be undergoing an elective TIPS, waiting
until the patient is listed for transplantation is recom-
mended. On the day of the procedure, review of any recent
signs of decompensation or drastic changes in history or
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Abstract Transjugular intrahepatic portosystemic shunt (TIPS) is one of the most technically
complex procedures in interventional radiology, the need to connect two veins with
variable anatomy, located in two different planes in hard andmany times small cirrhotic
livers using a needle, can be quite challenging. Despite more than 30 years of
performing TIPS, the complex hemodynamics of the portal system are not fully
understood, and sometimes unpredictable alterations of the portal flow can lead to
serious unexpected complications. The best strategies to prevent TIPS complications
are optimal patient selection, meticulous technique, operator experience, and imme-
diate correction of identified adverse events. The purpose of this article is to review the
technical complications with TIPS, the unique complications related to the use of stent
grafts, and the late complications after the procedure, with emphasis on ways to
prevent and treat them.
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laboratory results is advised. The operator needs to make
sure all the equipment for the procedure is available includ-
ing TIPS sets, balloons, wires, and stents. If a difficult ap-
proach is anticipated, the use of intravascular ultrasound
(IVUS) or transabdominal US (TAUS) is advised.

Complications with Venous Access
With the use of micropuncture sets and US guidance for
jugular vein access, complications with accidental arterial
punctures of the carotid, subclavian, or brachiocephalic
arteries are unusual. Pneumothorax is also rare. After the
procedure, proper hemostasis at puncture site should be
confirmed; a perfect TIPS can be ruined by large neck
hematoma. Crossing the heart to get into the inferior vena
cava (IVC) is usually straightforward but can be sometimes
challenging; pay attention to the presence of arrhythmias.
Cardiac perforation is exceedingly rare but has been
reported and can be potentially fatal.4 If getting a wire
into the IVC is difficult, a second “buddy” wire can be
placed in the IVC and be left as a security wire in case the

IVC access is lost when trying to select the hepatic vein
(HV).

Complication with HV Access
Selecting the HV can be challenging in transplant patients
due to the cephalad orientation of the veins after surgical
anastomosis. In Budd–Chiari patients, the HV can be occlud-
ed, absent, or severely compressed by an enlarged caudate
lobe.

In a standard TIPS, the right HV is selected. Access to the
inferior accessory right HV should be avoided because punc-
tures from this low location are usually extracapsular and
can be associated with hemoperitoneum or puncture of
abdominal organs (►Figs. 1 and 2).5 This anatomic variant
is present in up to a third of patients and the operator should
be able to recognize its presence. Access to this vein may
simulate a portal vein (PV) access in the initial fluoroscopic
image (►Fig. 3).

Performing a wedge portogram with contrast or carbon
dioxide (CO2) can lead to capsular rupture (►Fig. 4). Forceful

Fig. 1 CO2 venogram shows opacification of the inferior accessory right HV (arrow).
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injections in very peripheral positions should be avoided.
Use of an occlusion balloon to obtain the venogram is an
excellent option. The volume of CO2 should be limited to 20
to 50mL injected at a slow steady rate, avoiding an explosive
forceful injection. With the older CO2 systems that used a
drainage bag, air embolism was a possibility if the valves
were accidentally left open to room air, but now is rare when
using a closed system. Use of CO2 directly from a source tank
should be avoided. Most cases of capsular rupture are self-
limited and rarely would require embolization of the distal
HV.6 Excessive amounts of CO2 can produce an air-lock
phenomenon potentially leading to acute cardiovascular
collapse (►Fig. 5).

Complications with Portal Vein Access
The most challenging, time-consuming, and riskier step
during TIPS is PV access. Multiple punctures can lead to
life-threatening bleeding complications.

Recommendations to decrease the number of transpar-
enchymal punctures include the following:

1. Know where you are: In most cases, a standard TIPS is
created between the right HV and the right PV. The right

Fig. 2 (a) Venogram shows stenosis of the right HV (arrow). (b) The inferior accessory vein was selected for a transjugular liver biopsy. (c) After
the biopsy patient became hypotensive, venogram shows contrast extravasation into the peritoneum (arrow). (d) Venogram after glue
embolization shows cast of glue (arrow). Bleeding was controlled but blood transfusion and prolonged hospitalization were required.

Fig. 3 Venogram shows accidental puncture of the inferior accessory
right HV (arrow) closely simulating a portal venous access. White
arrow—catheter in the left renal vein.

Fig. 4 (a) Wedge portogramwith CO2 demonstrates a localized collection of gas suggestive of subcapsular extravasation (arrow). (b) CTshows a
subcapsular hematoma (arrow).
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HV catheter reaches a lateral position near the abdominal
wall. The arrow of the metallic TIPS cannula is seen
pointing posterior and laterally. The puncture is directed
anteriorly andmedially to select the right PV or the portal
bifurcation. In a middle HV access, the catheter can be
seen more medially in the liver. With hypertrophy of the
caudate lobe, the middle HV can be seen more lateral
simulating a right HV. The arrowof themetallic cannula is
seenpointing anteriorly and laterally. A puncture from the
middle HV is directed posteriorly. One of the main causes
of TIPS failure is not recognizing the selected HV. A steep
oblique or lateral fluoroscopic view can also help deter-
mine the HV selected. The catheter or needle is seen in an
anterior position in the middle HV, or posterior in the
right HV.5

2. Avoid punctures that are too deep: Experiencewould teach
you that you need to perform a rapid and short trust with
the needle to be able to pierce through a cirrhotic liver
parenchyma; slow soft needle advancement is discour-
aged because this maneuver may just “tent” the wall of
the PV without piercing it. Deep, low, long punctures are
discouraged as these are often extra capsular.

3. Alternatives: If too many punctures are performed un-
successfully, TAUS may be useful as it provides a nonin-
vasive, fast, and unexpensive guidance; this is an
underutilized method because it is operator dependent
and limited in obese patients and requires practice.7

Prepping and draping the right upper abdomen in ad-
vance allows to perform the liver scan in a sterile fashion.
IVUS is also a useful method to help decrease the number
of punctures.8,9 Other alternatives include further bend-
ing the needle to reach a different portion of the vein or
selecting a different HV. Accessing the PV using a percu-
taneous approach is a well-established technique to
help guide the initial puncture into the PV that is
especially useful in pediatric patients. Many other alter-
natives have been described but are beyond of the scope
of this article.

4. Although there is no significant difference in complica-
tions when using a 19-G needle or a 16-G puncture
needle,10 in smaller patients or those with severe coagu-
lopathies, using a 21-G needle (Cook Medical, Blooming-
ton, IN) can significantly decrease the incidence of
bleeding complications. Once access into PV is obtained
with a 21-G needle, a 0.018-in wire is advanced into the
superior mesenteric or splenic vein and the system may
be upsized to a 0.035-in system using one of the many
available coaxial support systems.

Hemoperitoneum and Liver Hematomas
Puncture of the liver capsule occurs in up to 33% of patients,
with intraperitoneal hemorrhage in only 1 to 2% of cases.11

Small livers such as thosepatientswith advanced cirrhosis and
those in children are at higher risk of extracapsular punctures.
In patients with a large volume of ascites, draining the fluid
before the procedure may help decrease the mobility of the
liver during the punctures. Proper planning and use of adjunct
imaging guidance (IVUS or TAUS) decreases the incidence of
hemoperitoneum. With IVUS guidance, the incidence of
extracapsular punctures is around 9%.8

If acute hemoperitoneum is identified during TIPS, a PV
venogram should be performed followed by a hepatic angio-
gramwith embolization of any bleeding vessels (►Fig. 6). As
the flowof the PV is decompressedwith the TIPS, most of the
PV branch injuries will stop spontaneously. A portogram
with an occlusion balloon may help better delineate any
potential injures (►Fig. 6).

Fig. 5 Radiograph shows gas filling the IVC and the cardiac chambers
by an excessive amount of CO2 that was injected during a wedge
venogram. Patient had a sudden cardiovascular collapse but was
successfully resuscitated and recovered without major sequelae.
(Case courtesy of Clayton Trimmer, DO, Dallas, Texas.)

Fig. 6 (a) Portogram in a patient who became hypotensive after PV access shows active extravasation into the peritoneum (arrow). (b) DSA
angiogram shows active extravasation from the right hepatic artery (arrow). (c) Angiogram after coil embolization shows control of the
bleeding. (d) Portogram using an occlusion balloon shows no active extravasation from the portal branches.

Seminars in Interventional Radiology Vol. 40 No. 1/2023 © 2023. Thieme. All rights reserved.

A Comprehensive Review of TIPS-Related Complications Lopera58

T
hi

s 
do

cu
m

en
t w

as
 d

ow
nl

oa
de

d 
fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 U
na

ut
ho

riz
ed

 d
is

tr
ib

ut
io

n 
is

 s
tr

ic
tly

 p
ro

hi
bi

te
d.



A rare but very serious complication is massive intraper-
itoneal bleeding after balloon dilation of the TIPS.12 Al-
though the PV bifurcation is extrahepatic in around 48% of
cases, most of the time punctures near or at the bifurcation
are safe. Very low punctures below the portal bifurcation,
like the ones that are performed for direct intrahepatic
shunts (DIPS) or mesocaval shunts, can lead to rapid
exsanguination and need to be corrected immediately. If
contrast extravasation is seen, the dilatation balloon is kept
inflated while the stent graft is rapidly deployed (►Figs. 7

and 8).
Intraparenchymal bleeding can occur with formation of

hematomas that can lead to biliary or portal compression;
hematomas rarely become infected and require drain-
age.13 Subcapsular hematomas can also occur after the
wedge venography or the needle punctures (►Fig. 4).
Observation with serial check of the hemoglobin and
hematocrit levels with blood transfusion is needed. In
some cases, hepatic angiograms with embolization are
required.

Hepatic Artery Injuries
Arterial injuries during TIPS creation have a reported inci-
dence of 6%, with less than 2% having clinical significance.3,14

An arterial access into a branch of the hepatic artery is
usually recognized due to sharp angulation of the wire to
the left and then toward the midline when the wire reaches
to aorta. In cases of a replaced right hepatic artery, the course
of thewire can closely simulate the course of the PV (►Fig. 9).
Arterial access is further recognized when contrast is
injected. Balloon dilation of a tract with the hepatic artery
can have disastrous consequences. In patients with PV
thrombosis, the hepatic artery can further hypertrophy
and accidental arterial access more easily obtained even
when using IVUS (►Fig. 10). In most cases, the arterial access
can be abandoned without further interventions, but occa-
sionally complications of arterial punctures can occur and
include arteriovenousfistulas, pseudoaneurysmswith active
bleeding and intraperitoneal hemorrhage, arterial dissection
or occlusion, and arteriobiliary fistula.15 Arterioportal fistu-
las could worsen the preexisting portal hypertension.13

Fig. 8 (a) Portogram after creation of a DIPS in a patient with portal vein thrombosis. (b) After deployment of the stent graft, massive
extravasation of contrast into the peritoneum was seen (arrows), patient was hypotensive. (c) Portogram after additional stent graft placement
shows no further extravasation. In this case, the first stent was too short and did not reach the IVC resulting in the bleeding.

Fig. 7 (a) Portogram shows access into the left portal vein. (b) Portogram after Viatorr stent deployment shows extravasation of contrast into
the peritoneum (arrow). Patient became hypotensive. (c) Radiograph shows balloon inflated to tamponade the bleeding. (d) Portogram after
prolonged balloon inflation demonstrates no further extravasation of contrast. In this particular case, the portal vein was probably injured after
the deployment of the uncovered portion of the stent graft.
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Embolization of the hepatic artery can be performed if the
lesion is in a small peripheral branch or if significant bleeding
occurred (►Fig. 6). Embolization of larger branches of the
hepatic artery can lead to liver infarcts and/or liver failure as
the liver circulation is heavily dependent on the hepatic
artery in cirrhotic patients. Arterial flow is even more
important after a TIPS where the portal flow is diverted
away from the liver by the portosystemic shunt. Rarely,
placement of a stent graft to treat a hepatic artery injury is
a viable alternative to preserve the arterial circulation.

Biliary Punctures and Biliary Obstruction
Accidental punctures of the bile ducts and gallbladder can
occur in up to 5% of patients and usually will not require
further interventions.13,15 Punctures of the central hepatic
ducts near the hilum are not too uncommon during TIPS as
they are located next to the PV branches (►Fig. 11). Biliary
dilatation significantly increases the risk of biliary punctures
and is considered a relative contraindication to TIPS. Biliary
punctures can lead to hemobilia, cholangitis, or early stent
occlusion. The use of covered stents has significantly de-
creased the incidence of TIPS failure due to stent stenosis and
occlusion caused by pseudo intimal hyperplasia secondary to
small bile duct leaks.16 In the era of bare metal stents, cases
of fistulas between a bile duct and theHVor the PV leading to

Fig. 9 (a) Angiogram shows accidental access into a replaced right hepatic artery. (b) The access was abandoned and a new access into the right
portal vein obtained. Note the similar course of the catheter in both films.

Fig. 10 (a and b) DSA shows accidental access into the hepatic artery obtained in a patient with chronic portal vein thrombosis. Note the
hypertrophied hepatic artery branches.

Fig. 11 Radiograph shows accidental opacification of the biliary
ducts (arrow).
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recurrent bacteremia with gram-negative organism and
anemia were reported.17,18 These complications are rare
with the use of stent grafts. Biliary dilatation after TIPS is a
rarely reported clinically significant complication; however,
in follow-up images, it is not that rare to see isolated
segmental dilatation after TIPS, especially after using stent
grafts.5,19–21 The postulated mechanism for biliary obstruc-
tion is an external compression of the bile ducts by the stent;
however, actual perforation of the common bile duct by the
stent has been reported.22 Biliary dilatation eventually leads
to atrophy of the affected segment. Very rarely the stagnant
bile can get infected and lead to recurrent cholangitis and
bacteremia that may require endoscopic or percutaneous
biliary drainage (►Fig. 12). Biloma formation after TIPS has
also been reported that have required percutaneous drainage
if infected (►Fig. 13).23

Puncture of Extrahepatic Organs
Puncture of the gallbladder occurs in less than 10% of cases
mostly with no major sequela. Rarely, significant bleeding
inside the gallbladder could result in acute cholecystitis if the

cystic duct gets occluded, and also bile leakage can occur if
the wall of the gallbladder is damaged.13 Puncture of the
right kidney can occur in less than 1.5% and may lead to
pericapsular hematomas or hematuria that is usually self-
limited. Puncture of the bowel may increase the risk of
infection.5,23 Occasionally, the lymphatic system is opacified
and is recognized by the serpiginous configuration of small
slow-flowing channels (►Fig. 14).

Unique Complications with the Use of Stent Grafts
The use of the Viatorr stent graft (GoreMedical, Flagstaff, AZ)
revolutionized the role of TIPS in the management of many
portal hypertension complications due to proven increased
primary and secondary patency of TIPS; however, its unique
design can lead to some special complications.

Issues with loading the stent: Inadequate advancement of
the loader sheath into the 10-Fr Flexor sheath (Cook, Bloo-
mington, IN) may result in partial deployment of the uncov-
ered portion inside the sheath potentially leading to the stent
getting stuck near the valve requiring replacement of a very
expensive stent.

Fig. 12 (a and b) In a patient with primary biliary cirrhosis and a TIPS for recurrent GI bleeding that developed recurrent E. coli bacteremia for last
8 months. CT scan shows area of focal biliary dilatation (arrow) and segmental atrophy posterior to the TIPS stent. ERCP was unable to visualize
intrahepatic area. (c) Percutaneous biliary cholangiogram shows focal dilation of segmental branches in segment 6 (arrows) produced by
external compression by the stent. (d) An internal/external biliary drain was placed with later placement of a plastic stent with resolution of the
bacteremia.

Fig. 13 Patient with liver transplant who underwent TIPS for variceal bleeding presented with sepsis 1 month after the procedure. (a) Coronal
CT scan shows a liver infarct (arrow), a biloma (asterisk), and thrombosis of the right portal vein (curved arrow) (b) Abscessogram after drainage
of a large biloma shows communication with right biliary ducts that are compressed by the TIPS.
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Issues with stent length and deployment: The ideal position
of the cephalic portion of the Viatorr is at or within 1 cm of
HV-IVC confluence. Precise measurement using a calibrated
catheter is always recommended. Stents that are too short
inside the HV tend to have early restenosis that may lead to
stent dysfunction or thrombosis (►Fig. 15). Stents that are
too long may end up misplaced inside the IVC, or in the right
atrium (RA) (►Fig. 16). Heart perforationwith hemopericar-
dium, arrhythmias, and valvular damage has been reported
with stents that are placed too deep in the RA andweremore
frequent with the Wallstent due to its sharp edges.24–27

These severe heart complications are very rare with the
use of a fully covered stent. Stents too deep in the RA or
the IVC could interferewith caval cross-clamping during liver
transplantation.

Precise placement of the transition between the uncov-
ered and covered portion can be challenging in cases of very

tortuous tracts or when the PV is very small. Inadequate
tension, much angulated access tracts, or very small PVsmay
result in having the false impression that the radiopaque gold
marker is at the parenchyma/PV junction, when in reality the
device is still too deep inside the PV (►Fig. 17). Deployment
of the covered portion inside the main portal could be
associated with thrombosis/stenosis of the main PV or its
main branches and eventual liver ischemia due to the
complete diversion of the portal flow (►Fig. 18). A stent
that is too deep inside themain PVcould also interferewith a
future liver transplant. Excessive tension during deployment
may result in the uncovered portion getting deployed inside
the liver parenchyma increasing the risk of stent restenosis.

Stent and Coil Migration
Stent migration is more frequent with covered than with
baremetal stents.13 Proximal stentmigration can occurmore
frequently than distal stent migration into the PV. Stent
migration into the heart may rarely occur during stent
revisions when overlapping stents are placed near the IVC.
The most common mechanisms for stent migration include

Fig. 14 Radiograph shows opacification of the liver lymphatics.

Fig. 15 A stent that was too short resulted in occlusion of the TIPS. (a) Portogram shows occluded shunt (arrow). (b) Portogram after balloon
thrombectomy shows a stenosis at the HV (arrow). (c) Portogram after another Viatorr placed more proximally shows patent shunt.

Fig. 16 Axial CTshows a stent that was extending into the RA (arrow).
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using undersize stents, using short and/or incompletely
overlapped stents, moving the stent with a partially deflated
angioplasty balloon, or when advancing the sheath through
the shunt and/or operator errors. Stent retrieval from the
heart is technically challenging but possible (►Fig. 19).
Special care needs to be taken to prevent damage of the
valves or cardiac perforation during removal; the use of
general anesthesia and transesophageal echocardiogram
can be very helpful to prevent major complications. Open
heart surgery may be required in some cases. Trying to
remove a migrated or misplaced stent from the main PV
may be very difficult and traumatic and many times, it is
better to leave the stent in that position than trying to
remove it.

Coil migration can occur during embolization of gastric
and esophageal varices. Using oversized coils can result in
migration into the main PV. Undersized coils can migrate
through large portosystemic shunts into the lungs. Coil
retrieval is recommended (►Fig. 20). Pulmonary

Fig. 17 (a) Portogram shows severe angulation in the approach into the right PV (arrow). (b) Portogram after Viatorr deployment shows around
2–3 cm of the covered portion misplaced inside the right PV causing occlusion of the posterior PV and decrease flow in the anterior right PV
(curve arrow). (c) Fulminant liver failure developed 2 days after TIPS. Necropsy photograph shows a cirrhotic liver with thrombus in the right PV
branches (arrows).

Fig. 18 Acute liver failure after the TIPS. (a) Portogram shows
covered portion of the Viatorr misplaced too deep into the main
portal vein causing poor flow in the intraparenchymal portal vein
branches. (b) Portogram using a reverse curve catheter shows partial
thrombosis of the right and left portal vein branches (arrows).

Fig. 19 (a) CT scan shows a Wallstent (arrow) that migrated into the right ventricle after TIPS revision with placement of overlapping stents. (b)
Because of the sharp ends of a Wallstent, manipulation of the stent may result in cardiac perforation. Radiograph shows a SOS catheter passed
under the body of the stent and the wire was snared. (c) The stent was folded and retrieved.
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embolization of glue can occur during variceal embolization;
smaller amounts of glue usually are well tolerated and cause
no symptoms. Embolization of large amounts of glue or
sclerosing agents into the lungs could lead to serious
complications.

Postprocedural Complications

Portal or mesenteric vein dissection is very rare and it could
lead to pseudoaneurysm formation or portal/mesenteric
vein thrombosis; most of the time dissections are self-
limited if produced by the wire only.15 Perforation of distal
mesenteric veins can occur if the wire is advanced distally
into small peripheral branches, and keeping the wire at the
main splenic or main mesenteric vein is recommended.
Perforation of venous branches with the wire is usually not
associatedwith significant bleeding, but perforationwith the
larger sheaths can lead to significant hemorrhage. This
serious complication can occur when advancing larger
sheaths inside the PV for stent graft deployment or inside
varices to deploy vascular plugs.

Intravascular hemolysis occurs in less than 10% of patients
with the use of bare metal stents; it is more infrequent with
the use of stent grafts. This rare complication is usually self-
limited and rarely requires treatment.

Microbial Seeding and Infection
TIPS infection (tipsitis or endotipsitis) is another rare com-
plication that occurs in less than 1% of patients and is
associated with persistent bacteremia without any other
identifiable source of infection and usually seen with vege-
tations or thrombus within the TIPS.28 Treatment consists of
prolonged antibiotics. Removing the clots from the shunt
with dedicated cultures could help treat this rare condition.
Most cases have been reported with the use of bare stents,
but it can also occur with stent grafts. The use of broad-
spectrum prophylactic antibiotics is recommended during
the initial procedure. Potential sources of infection include
the biliary tree, gallbladder, the intestine, and ascitic fluid in
cases of untreated bacterial peritonitis. In some reported
cases of bacteremia related to biliary fistulas, the use of stent

grafts has been successful in treating this complication.29

Liver abscesses can also occur that can be related to infected
bilomas, hematomas, or rarely as a complication of liver
infarction (►Figs. 13 and 21).30 Percutaneous drainage is
usually required to resolve the infection.

Hepatic encephalopathy (HE) is one of themost recognized
frequent and feared complications after TIPS: this topic is
covered in a separate article of this volume.

PV and HV Thrombosis
PV and HV thrombosis are common imaging findings after
TIPS that are mostly unreported (►Figs. 22 and 23). In a
retrospective study by our group of 423 patients of which
138 had cross-sectional imaging within 1 year after TIPS, PV
or HV thrombosis was seen in cross-sectional imaging in
63.0% of patients. Most of the affected veins were in right
portal system at the lobar or segmental areas, while the left
PV was affected only in 7% of patients. The presence of

Fig. 20 (a) Portogram shows an oversized coil partially extending into the main portal vein (arrow). (b) Pulmonary angiogram shows that coil
(arrow) later migrated into the right lung. (c) Angiogram after successful snare retrieval of the coil shows patent branches.

Fig. 21 Axial CT scan in a patient with TIPS for portal vein thrombosis
presenting with high fevers and bacteremia shows hypodense area in
the right lobe (arrow); percutaneous drained was then performed
confirming hepatic abscess.
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venous thrombosis was not associated with worse outcomes
unless thrombosis of the main PV occurred.31 Rarely throm-
bosis of the HV may create hepatic congestion with a Budd–
Chiari type of syndrome or lead to segmental ischemia.32

Uncommonly, TIPS can lead to IVC thrombosis.13 Thrombosis
of the hepatic and/or PV branches is probably due to a
combination of trauma during the access of the branch,
partial blockage by the graft, and/or alterations of the flow
dynamics after TIPS. Contrast-enhanced imaging is recom-
mended in patients who develop severe elevations of the
liver enzymes, severe abdominal pain, and/or fevers after the
procedure, to rule out any complications related to venous
thrombosis.

Liver Infarcts
Liver infarction is seen in less than 2.5% of all patients and
around 9% of all those patients who get imaging after TIPS for
different reasons.33 Liver infarction was associated with two
times the risk of death and acute liver failure (ALF) in one
study.33 Risk factors included PSG<5mm Hg, arterial inju-

ries, PV, and/or HV thrombosis. Infarction is seen as wedge-
shape areas or hypoperfusion that are recognized only if the
patients get cross-sectional imaging after the procedure
(►Fig. 24). Most of the infarcts are located in the posterior
segments near the areas of the needle punctures and stent
placement. Patients may present with no symptoms or with
elevation of liver enzymes, ALF, and rarely with formation of
bilomas.30

TIPS Thrombosis
TIPS thrombosis and restenosis used to be a frequent prob-
lem with the use of uncovered stents.16 With the use of
polytetrafluoroethylene (ePTFE)-covered stents, the long-
term patency of shunts has significantly increased with 20
to 30% incidence of TIPS dysfunction at 2 years.13,34 Risk
factors for stent thrombosis include stents that are placed too
short into the HV, stents that are underdilated, or creation of
very tortuous tracts35,36 (►Figs. 15 and 25). Stents that are

Fig. 22 Axial CT with contrast obtained 2 weeks after TIPS shows
thrombosis of a right posterior portal branch (arrow).

Fig. 23 (a) Axial CT scan shows thrombosis of the right HV (arrow). (b) Axial scan 3 months later shows spontaneous recanalization of the right
HV (arrow).

Fig. 24 Axial CT scan in a patient with marked elevation of the
liver enzymes and abdominal pain shows a large hypodense area
corresponding to a liver infarction (arrow).
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reduced for the treatment of HE can develop thrombosis.37

Large competing shunts and large gastric or esophageal
varices can divert the flow away from the TIPS and may
cause shunt thrombosis and most require embolization to
redirect the flow into the TIPS. Hypercoagulable patients
with Budd–Chiari syndrome are particularly at risk for TIPS
thrombosis and most of them required lifelong anticoagula-
tion (►Fig. 26). Tumoral thrombosis of the TIPS and the PV
can also occur in patients with advanced HCC and must be

differentiated from bland thrombus before restoration of the
shunt flow.

Stent thrombosis is usually treatedwith balloon dilatation
and restenting. Crossing a chronically occluded stent can be
very challenging; techniques to improve success include
using the stiffer cannula of the TIPS set to increase support
and occasionally puncturing the occluded stent percutane-
ously with a Chiba needle then passing a wire that is snared
via the jugular approach to get access into the stent

Fig. 25 (a) Portogram shows a very tortuous access into a low right posterior portal vein branch (arrow). (b) Acute thrombosis TIPS occurred
during the procedure. (c) After successful declotting, the shunt is patent. In both b and c, note the associated partial thrombosis of the right
portal branches (arrows).

Fig. 26 (a) CT scan shows severe hypertrophy of the caudate lobe (star) and mottled enhancement of the liver in a patient with Budd–
Chiari secondary to a hypercoagulable syndrome. (b) Initial portogram shows patent portal vein. (c) After TIPS with overlapping stents, the
portal vein is patent. (d) Portogram the day after TIPS shows acute thrombosis of themain portal vein (arrow). (e) Portogram after declotting and
additional stent placement into the main portal vein shows patent shunt.
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(►Fig. 27). Occasionally, a parallel TIPS may be required if
recanalization of an occluded TIPS is unsuccessful.15 Para-
doxical embolization with stroke has been reported after
TIPS in patients with patent foramen ovale.38

Liver Failure after TIPS
ALF, also referred as acute on chronic liver failure, can be a
devastating complication after TIPS. ALF typical presentation
consists of marked elevation in liver enzymes, severe coa-
gulopathy, and severe HE. Transient elevation of the liver
enzymes is very common after TIPS with an acute (within 7
days) two- to threefold increase in bilirubin and transami-
nases that usually resolve within 2 weeks.39,40 However,
marked elevation of the liver enzymes might be an indicator
of irreversible liver injury and liver failure. The definition of
ALF is not well established. Gaba and Lakhoo defined ALF as a
threefold bilirubin and/or twofold INR elevation compared
with baseline within 30 days of procedure, excluding other
identifiable causes for the observed alterations (such as
biliary obstruction or suspected biliary vascular fistula).
Associated clinical outcomes were classified as prolonged
hospitalization/increase in care level (grade 1), TIPS reduc-
tion or liver transplantation (grade 2), or death (grade 3). In
270 patients, abnormal elevation of LFTs and INR was a
common finding after TIPS with up to 29% showing greater
than threefold bilirubin and greater than twofold INR post-
procedure. ALF had an overall incidence of 20%, grade 1
(10%), 2 (3%), and 3 (8%). Bilirubin levels increased to at least
triple the baseline value in �50% of dying patient’s versus
only 20% of surviving patients.41 In another study, bilirubin
was found to be an independent predictor of 30-day mortal-
ity after TIPS with a 40% increased risk of death for each
1mg/dL increase above 3.0mg/dL.42

A study of 216 patients with low pre-TIPS MELD score
(�12) by Luca et al found that the incidence of liver failure

within 3 months was 9.3% with a poor prognosis; two-thirds
of cases progressed to death or required liver transplantation
during the 1st year. Refractory ascites, low hemoglobin, and
platelet count, MELD 11 or 12 versus �10, and Child–Pugh
score >7 carried a higher risk of developing ALF after TIPS.
There was no correlation between stent diameter and de-
crease in portosystemic pressure gradient (PSG).43

The potential mechanisms of ALF after TIPS are variable
and probably multifactorial and include excessive shunting
of the portal flow away from the liver, damage of the hepatic
artery after the punctures, compression of the artery by the
metallic stent, thrombosis of the PV, and/or HV. Contrast-
enhanced images in patients who develop ALF may help
elucidate the source if it is related to vessel thrombosis,
infarction, or other potential causes that could be recognized
in contrast-enhanced imaging.13

Patients at high risk for ALF include Child–Pugh score>12,
MELD score>18, Emory score>3, or an APACHE II score>18.
High bilirubin, high PSG, low albumin, sarcopenia, and
refractory ascites are independent factors associated with
higher mortality after TIPS within 1 year.43–47 Liver volume
was not associated with ALF in one retrospective study.48

The issue of the final PSG and adverse outcomes is
controversial. A relative reduction of PSG after TIPS by 20
to 50% has been recommended with a target of<12mm Hg
for variceal bleeding control, while for patients with refrac-
tory ascites, an ideal target of 5 to 8mm Hg has been
suggested, but this value may be difficult to achieve in
clinical practice, as the final PSG after a TIPS is not always
predictable.40,49 Quality improvement guidelines of the
American Society of Interventional Radiology recommend
that the PSG after TIPS should not be less than 5mmHg as an
excessive decrease in the PSG may lead to liver ischemia
and/or HE. This threshold was also recommended by other
groups.24,40,50

Fig. 27 (a and b) After unsuccessful TIPS recanalization using a jugular approach, radiographs show percutaneous puncture of an occluded TIPS
with a Chiba needle (white arrows) with a snare (black arrow) trapping the wire. (c) Portogram after TIPS revision with additional stent placement
shows patent TIPS (arrow)
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Treatment of ALF after TIPS is mostly supportive with
extensive workup to rule out gastrointestinal bleeding, sep-
sis, and electrolyte imbalance which need treatment. Hypo-
thyroidism can rarely be a cause of hyperammonemia in
cirrhotic patients but could be the source of refractory HE.44

Shunt reduction should be considered early before irrevers-
ible liver failure develops. Shunt closure is also an option if
reduction does not work. Liver transplantation is oftentimes
the only option to treat this complication and that can be
otherwise rapidly fatal.

Renal Function Complications
Renal dysfunction is a common and serious problem in
patients with cirrhosis and is significantly associated with
increased rates of morbidity and mortality. Hepatorenal
syndrome (HRS) has been classified as type I when it is a
rapid (< 2 weeks) deterioration of the renal function with
doubling of serum creatinine to>2.5mg/dL, or a creatinine
clearance of<20mL/min.51 Type I HRS has a very poor
prognosis; 80% of patients die within 2 weeks, and only
10% survive longer than 3months.52 Type II HRS is defined by
a slow deterioration of renal function with a serum creati-
nine level>1.5mg/dL and/or creatinine clearance<40
mL/min, and it has a better prognosis.

Early report on TIPS on patients with impaired renal
function showed that 16% developed acute kidney injury
(AKI) as defined by a 0.3mg/dL increase in serum creatinine
within 48hours of the procedure and it was tough to be
related to the use of intravenous contrast material for the
procedure.53 Other factors that can be associated with AKI
after TIPS include hypotension, bleeding, use of nephrotoxic
medications, and preexisting chronic kidney disease (CKD).
Studies have shown that TIPS may improve HRS especially
the type II.54–56 Limited series onTIPS in patientswith stage 4
or 5 CKD have shown improvement in the ascites in 85% and
control of variceal bleeding in 90%.57CKDmarkedly increases
the risk of HE after TIPS, especially in patients who are
already on dialysis.57,58

The use of TIPS on patientswho are on dialysis already has
been described in limited series, very careful management of
the fluids and blood pressure before and after the procedure
with close coordinationwith nephrology is crucial to prevent
fluid redistribution issues after the TIPS.58

In patients who develop worsening renal function after
TIPS, initiation of hemodialysis may be required while the
patients await liver transplantation.51 Increased creatinine
(�1.5mg/dL) 15 to 40days after the procedure haven been
associated with increased mortality compared with patients
with normal creatinine at that time period.56

Right Heart Failure and Pulmonary Hypertension after
TIPS
TIPS leads to a sudden increase in cardiac preload and output
that can rapidly worsen the hyperdynamic circulatory state
of patients with cirrhosis. The large-volume blood shift from
the splanchnic to the systemic circulation results in a sudden
but mostly transitory increase in right heart pressures and
cardiac output.59,60 The cardiac output increases by 22%,

systemic vascular resistance decreases by 26%, the right
atrial pressure (RAP) may increase by 50%, andmean pulmo-
nary artery pressure (mPAP) by 40%.61

TIPS is contraindicated in patients with right heart failure
and severe pulmonary hypertension, defined as mPAP>45
mm Hg at right heart catheterization and pulmonary capil-
lary wedged pressure (PCWP) �15mm Hg or systolic PAP
>50mm Hg at echocardiography. In theory, TIPS can be
performed in cases of mild PAH (25–35mm Hg) according
to a recent consensus.62 For cases of moderate pulmonary
hypertension with mPAP between 35 and 45mm Hg, TIPS
could be considered mainly for patients with variceal bleed-
ing but with great caution for elective patients with refrac-
tory ascites.11 Severe cardiac valvular insufficiency and
severe aortic stenosis are also contraindicators for the
procedure.

It is estimated that as many as 50% of end-stage liver
disease patients undergoing liver transplantation show signs
of cardiac dysfunction with 7 to 21% of patients dying from
heart failure in the posttransplantation period.11,63 The
recent rise in cases with nonalcoholic fatty liver disease
(NAFLD) needing TIPS makes the issue of cardiac decompen-
sation even more relevant, as these patients commonly have
multiple associated comorbidities such as obesity, diabetes,
hypertension, high cholesterol, and high incidence of renal
and cardiac disease.64

Studies have found a close correlation between the RAP
and portal pressures>25mm Hg before TIPS with develop-
ing symptomatic heart failure after the procedure.65,66Other
risk factors include the presence of previous congestive heart
failure, preexisting cirrhotic cardiomyopathy (CCM), pro-
longed QTc interval, left atrial dilatation, an elevated pre-
TIPS BNP>40 pg/mL, and the presence of severe aortic
stenosis.

CCM is characterized by decreased cardiac function with
altered diastolic relaxation, electrophysiological abnormali-
ties with blunted contractile responsiveness to stress. Most
of the time CCM is a silent condition but can become
symptomatic under physical or pharmacological stress.
CCM can be difficult to diagnose, as patients can have a
normal left ventricular ejection fraction as rest but have
abnormal responses to exercise, sodium load, or orthosta-
tism.11 Cirrhotic patients with refractory ascites and severe
diastolic dysfunction may not only respond to TIPS but may
have shorter survival than those with normal diastolic
function.11,40,67 Other studies, however, have found no cor-
relation between diastolic dysfunction and post-TIPS surviv-
al or cardiac failure after the procedure.40,65,68,69

Most of the time, acute heart failure after TIPS can be
managed with aggressive medical treatment including ag-
gressive diuresis. In some rare cases, a life-threatening acute
pulmonary edema or severe right heat failure can develop
and TIPS reduction or closure may be required
(►Fig. 28).37,70 In earlier studies, the risk of cardiac failure
after TIPS has been cited at 12.5% in patients without previ-
ous cardiac issues, and up to 39% in patients with known
structural heart disease, with a very high risk (up to 80%) in
patients with aortic stenosis.11,69 Other more recent studies
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cite the incidence of symptomatic heart failure to be <1%
with good outcomes with aggressive medical
management.65

Hernia Incarceration
Many patients with refractory ascites develop umbilical and
less frequently inguinal hernias. The rapid and sustained
ascitic fluid decompression after TIPS could increase the risk
of hernia incarceration that may require urgent surgical
repair. Incarcerated hernias after TIPS have been reported
with incidence varying from 12 to 25% with the majority
requiring emergent surgical repair with increasedmorbidity
andmortality due to the potential for associated small bowel
obstruction and perforation.71–73 Most of the episodes of
incarceration occur in the first 2 to 3 months after the
procedure. If the ascites is controlled, elective surgical repair
of the hernia should be performed, and the patients need to
be educated about the risk and clinical presentation of this
complication.

Radiation Injury
TIPS procedures can be very long, especially if the PV is
thrombosed, and complex recanalization procedures are
needed. The constant use of fluoroscopy and the need to
use a high radiation dose because of the anatomic region in
patients, who are frequently obese and/or have severe asci-
tes, can lead to significant radiation exposure to the patients
and the operators. TIPS is probably the procedure that gives
the most radiation in interventional radiology with �8% of
cases having accumulated a dose greater than 5 Gy.74,75 The
reported rate of radiation skin burn with TIPS is 0.1%.5 In an
internal review at our institution of 1,276 cases performed
between 2018 and 2019, 15 out of 44 procedures that had a
radiation dose >5Gy were TIPS. High body mass index (BMI)
was identified as significant risk factor for high radiation
dose. Only one patient had a reported transient skin burn.

For long procedures, avoid using steep oblique projec-
tions. If possible, reposition the beam entrance site to avoid
irradiation of the same part of the skin. Other known

Fig. 28 (a) Frontal radiograph in a patient with a normal left ventricle function that developed severe right heart failure with pulmonary edema
3 days after TIPS. (b) Portogram after TIPS was reduced with a partially expanded balloon-expandable stent graft inside the Viatorr. Notice the
narrow column of contrast in the TIPS (arrows). (c) Frontal radiograph after TIPS reduction shows resolution of the pulmonary edema.

Fig. 29 Photographs of two patients with radiation injuries after TIPS. (a) Radiation-induced dermatitis after 5 Gy TIPS. Patient had seborrheic
dermatitis predisposing him to the radiation injury. (b) Radiation injury after 7 Gy TIPS showing desquamation of the skin in a square area.
Obesity was a major contributing factor in both patients.
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measures of radiation protection include trying to perform
the procedure in the low fluoroscopy mode and avoiding
magnification, using collimators, digital magnification, last
image hold, trying not to do many digital subtraction angi-
ography runs, and keeping the image intensifier close to the
patient. Many of the newer fluoroscopic equipment have
digital software that allows to significantly decrease the
radiation dose while keeping adequate imaging quality.
Scheduling TIPS in the newer rooms, if available, is another
way to prevent significant radiation exposure to the patients
and operators.

Some patients may have increased radiosensitivity due to
autoimmune conditions, connective tissue, or genetic disor-
der (ataxia telangiectasia, Fanconi anemia; ►Fig. 29). Diabe-
tes mellitus and hyperthyroidism also can increase
radiosensitivity.76

If the skin dose exceeded 5Gy, it is recommended that the
patients are notified of possible skin reactions that are
usuallymanifested as transient erythema in thefirst 2weeks,
followed by erythema and epilation 2 to 8 weeks after
exposure. For skin doses over 10 Gy, dry or moist desquama-
tion can occur with prolonged erythema and permanent
epilation, while for doses over 15 Gy, ulcerations that may
require surgical interventions and dermal atrophy can occur.
It is very important that the patients are notified of these
possible skin changes as theymay seekmedical care by other
specialties, including dermatologist, who may not be aware
of these injuries leading to the wrong diagnosis and
treatments.

Conclusions

TIPS has revolutionized the treatment of many of the portal
hypertension complications and has mostly replaced surgi-
cally created portosystemic shunts. TIPS procedures are
expected to increase with the recent rise of NAFLD in the
general population. A variety of complications can occur
during and after the procedure that can lead to severe
morbidity and mortality. Adequate patient selection, careful
technique with the use of adjunct imaging guidance techni-
ques such as IVUS and TAUS, and early interventions to
correct any treatable complications are all important steps
to prevent and treat adverse outcomeswith this complex and
remarkable procedure.
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