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Summary  Portal  hypertension  is  primarily  due  to  liver  cirrhosis,  and  is  responsible  for
complications  that  include  variceal  bleeding,  ascites  and  hepatorenal  syndrome.  The  transjugu-
lar intrahepatic  portosystemic  shunt  (TIPS)  is  a  low-resistance  channel  between  the  portal  vein
and the  hepatic  vein,  created  by  interventional  radiology,  that  aims  to  reduce  portal  pressure.
Please  cite  this  article  in  press  as:  Allaire  M,  et  al.  TIPS  for  management  of  portal-hypertension-related  complications  in
patients  with  cirrhosis.  Clin  Res  Hepatol  Gastroenterol  (2019),  https://doi.org/10.1016/j.clinre.2019.09.003
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TIPS is  a  potential  treatment  for  severe  portal-hypertension-related  complications,  including
esophageal  and  gastric  variceal  bleeding.  TIPS  is  currently  indicated  as  salvage  therapy  in  this
setting when  patients  fail  to  respond  to  standard  endoscopic  and  medical  treatment.  More
recently, early  TIPS  has  been  shown  to  be  effective  in  decreasing  risk  of  rebleeding  after  variceal
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atorenal Syndrome; LT, Liver Transplantation; LVP, Large-Volume Paracentesis; MELD, Model For End-Stage Liver Disease; PT, Prothrombin
Time; PSPG, Porto-Systemic Pressure Gradient; PVT, Portal Vein Thrombosis; RCT, Randomized Controlled Trials; TIPS, Transjugular Intra-
hepatic Portosystemic Shunt; WHVP, Wedged Hepatic Vein Pressure; EBL, endoscopic band ligation; ICU, intensive care unit; CSPH, clinically
significant portal hypertension.
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hemorrhage  and  mortality  in  Child-Pugh  B  patients  with  active  hemorrhage  at  endoscopy,  and
in Child-Pugh  C  patients.  TIPS  is  also  an  efficient  treatment  for  refractory  ascites  and  hepatic
hydrothorax.  In  contrast,  the  role  of  TIPS  in  the  hepatorenal  syndrome  has  not  been  pre-
cisely defined.  The  aim  of  this  review  was  to  specifically  describe  the  current  role  of  TIPS
in management  of  portal  hypertension  in  patients  with  cirrhosis.
© 2019  Elsevier  Masson  SAS.  All  rights  reserved.
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ortal  hypertension  is  responsible  for  variceal  bleeding,
scites  and  hepatorenal  syndrome  (HRS),  which  signifi-
antly  contribute  to  morbidity  in  patients  with  cirrhosis
nd  strongly  impair  their  prognosis.  The  transjugular  intra-
epatic  portosystemic  shunt  (TIPS)  was  developed  at  the
eginning  of  the  nineties  to  reduce  portal  pressure  and  to
reat  complications  of  portal  hypertension  after  failure  of
edical  therapy.  Initial  results  were  impaired  by  technical
ifficulties,  procedure-related  complications  and  treatment
f  unselected  patients  at  high  risk  of  complications.  More-
ver,  the  main  drawback  of  the  initially  used  uncovered
hunt  was  the  risk  of  thrombosis  and  stenosis  during  follow-
p,  leading  to  recurrence  of  portal  hypertension.

However,  use  of  a  covered  stent  has  reduced  this  risk
f  stenosis  and  thrombosis,  with  a  sustained  effect  on  por-
al  hypertension  and  its  related  complications.  Moreover,
ecent  studies  have  defined  a  target  population  possibly  ben-
fitting  from  TIPS,  with  limited  risk  of  complications  related
o  the  procedure  in  cases  of  variceal  bleeding  and  refractory
scites.

The  aim  of  this  review  was  to  evaluate  the  current  role  of
IPS  in  management  of  portal  hypertension  in  patients  with
irrhosis.

efinition and consequences of portal
ypertension

efinition  of  portal  hypertension

he  starting  point  of  portal  hypertension  is  an  increase
n  outflow  resistance  located  at  any  point  in  liver  cir-
ulation  (presinusoidal,  sinusoidal  and  postsinusoidal).  In
estern  countries,  over  90%  of  portal  hypertension  is  due

o  sinusoidal  obstruction  related  to  cirrhosis  [1].  Portal
ypertension  is  defined  as  an  increase  in  the  trans-hepatic
ressure  gradient  (known  as  the  porto-systemic  pressure
radient  [PSPG])  between  liver  inflow  and  outflow  pres-
ure,  which  is  obtained  by  the  difference  between  portal
enous  pressure  and  inferior  vena  cava  pressure.  In  clinical
ractice,  the  presence  of  portal  hypertension  is  generally
valuated  using  a  transjugular  approach,  by  measurement
f  the  hepatic  venous  pressure  gradient  (HVPG)  obtained
y  subtracting  free  hepatic  vein  pressure  (FHVP)  from
edged  hepatic  vein  pressure  (WHVP)  according  to  the

ollowing  formula:  HVPG  =  WHVP-FHVP.  HVPG  is  the  indi-
Please  cite  this  article  in  press  as:  Allaire  M,  et  al.  TIPS  for  ma
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ect  measurement  of  the  PSPG,  but  can  only  be  assessed
n  intrahepatic-intrasinusoidal  portal  hypertension  such  as
irrhosis  without  portal  vein  thrombosis.  HVPG  >  5  mmHg

s
r
p

efines  sinusoidal  portal  hypertension;  when  HVPG  is  greater
han  10  mmHg,  i.e.  clinically  significant  portal  hyperten-
ion  [CSPH],  clinical  manifestations  such  as  varices,  variceal
leeding  and/or  ascites  may  occur  [1].

athophysiology  and  consequences

ntrahepatic  obstruction  due  to  cirrhosis  induces  produc-
ion  of  several  vasodilatators,  including  nitric  oxide,  that
romote  portal  hypertension  and  splanchnic  vasodilatation,
onsequently  reducing  effective  arterial  blood  volume.  In
ompensated  cirrhosis,  cardiac  output  is  able  to  counterbal-
nce  the  reduction  in  systemic  vascular  resistance.  Portal
ypertension  leads  to  collateral  formation  and/or  open-
ng  of  pre-existing  porto-systemic  shunts,  causing  potential
omplications  such  as  variceal  bleeding  or  portal  hyper-
ensive  gastropathy.  At  a  late  stage,  cardiac  output  is
nable  to  counteract  peripheral  vasodilatation;  thus,  effec-
ive  arterial  blood  volume  declines  and  leads  to  stimulation
f  compensatory  neurohormonal  vasoconstrictor  systems
renin  angiotensin  system,  sympathetic  nervous  system)  and
o  production  of  arginine  vasopressin.  It  induces  sodium  and
ater  retention  as  well  as  vasoconstriction  of  renal,  cerebral
nd  peripheral  vascular  beds.  Sodium  and  water  retention
oster  the  occurrence  of  ascites,  hydrothorax  and  hypona-
remia.  In  kidneys,  production  of  prostaglandins  is  unable
o  counterbalance  the  effects  of  vasoconstrictor  systems,
nducing  a  decline  in  renal  blood  flow  and  development  of
RS  [2,3].

ndications for TIPS related to portal
ypertension

ariceal  bleeding

astrointestinal  bleeding  is  a  common  complication  of  por-
al  hypertension,  and  its  management  is  currently  well
efined  by  Baveno  VI  recommendations  (Fig.  1)  [1].  This
rotocol  combines  antibiotic  prophylaxis,  vasoactive  drugs
or  up  to  five  days  (terlipressin,  somatostatin,  octreotide)
nd  endoscopic  therapy  according  to  the  origin  of  bleeding:
ndoscopic  band  ligation  (EBL)  for  acute  esophageal  variceal
leeding  and  tissue  adhesion  glue  injection  (N-butyl-
yanoacrylate)  for  gastric  varices  and  gastro-esophageal
arices  type  2  that  extend  beyond  the  cardia.  TIPS  may
e  indicated  for  uncontrolled  bleeding  despite  adequate
edical  and  endoscopic  therapy  (salvage  TIPS),  but  also  as
nagement  of  portal-hypertension-related  complications  in
 https://doi.org/10.1016/j.clinre.2019.09.003

econdary  prophylaxis  in  selected  patients  at  high  risk  of
ebleeding  (early  TIPS).  Moreover,  TIPS  can  be  proposed  for
atients  with  recurrent  variceal  bleeding  despite  adequate

https://doi.org/10.1016/j.clinre.2019.09.003
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Figure  1  Management  of  varices  due  to  portal  hypertension  in  cirrhotic  patients.  Figure  sums  up  the  main  recommendations  of
rhot
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the Baveno  VI  consensus  concerning  treatment  of  varices  in  cir
blockers.

secondary  prophylaxis  by  EBL  and  beta-blockers  (Fig.  1).
Data  available  in  the  literature  mainly  included  patients
with  esophageal  varices  bleeding.  Nevertheless,  several  ret-
rospective  studies  suggested  that,  for  the  same  indications,
a  similar  benefit  was  observed  after  TIPS  for  gastric  variceal
bleeding  [4—6].  To  date,  no  data  on  a  potential  impact
of  TIPS  in  primary  prophylaxis  for  esophageal  or  gastric
variceal  bleeding  is  available,  and  currently,  TIPS  is  not  rec-
ommended  in  this  situation  [1].

Salvage  TIPS
In  the  1990s,  patients  with  acute  bleeding  secondary  to
portal  hypertension  received  endoscopic  treatment  with
sclerotherapy  in  association  with  vasoactive  drugs,  allowing
hemorrhage  control  in  80-90%  of  cases  [7—11].  In  patients
with  persistent  bleeding  despite  optimal  medical  and  endo-
scopic  treatment,  the  prognosis  was  poor,  with  a  mortality
rate  of  over  90%  in  Child-Pugh  B  and  C  patients  [12]. In  this
context,  standard  treatment  was  the  use  of  balloon  tam-
ponade  as  a  bridge  treatment,  followed  by  surgery  (i.e.
esophageal  transection  or  portosystemic  diversion)  [13,14].
These  surgical  treatments  were  effective  in  decreasing  por-
tal  hypertension,  but  were  associated  with  high  mortality
(ranging  from  50%  to  90%)  [15—17].  Moreover,  subsequent
Please  cite  this  article  in  press  as:  Allaire  M,  et  al.  TIPS  for  ma
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liver  transplantation  (LT)  was  more  difficult  to  perform
because  of  anatomical  changes  induced  by  the  surgery  [17].
In  order  to  improve  the  outcome  of  these  patients,  a  per-
cutaneous  technique  of  portosystemic  shunt,  referred  to  as

s
u
t
s

ic  patients  with  portal  hypertension.  NSSB:  non  selective  beta

IPS,  was  then  developed  and  described  for  the  first  time  in
nimal  models  by  Rosch  et  al.  in  1969  [18].  Colapinto  et  al.
erformed  the  first  clinical  trial  in  humans  in  1982  [19],  and
he  first  study  on  salvage  TIPS  was  published  in  1993  [20].
n  that  study,  emergency  TIPS  was  associated  with  imme-
iate  control  of  bleeding  in  all  20  patients  who  received
ncovered  TIPS,  while  30%  later  had  early  bleeding  recur-
ence  in  the  first  5  days,  and  10%  had  delayed  bleeding  due
o  recurrence  of  portal  hypertension  secondary  to  occlu-
ion  or  TIPS  stenosis  (the  main  complication  of  uncovered
tents).  Forty-day  mortality  was  60%;  among  the  12  patients
ith  Child-Pugh  C  score  at  inclusion,  only  1  was  alive  at  the
nd  of  follow-up.  Main  causes  of  death  were  liver  failure
nd  sepsis;  no  deaths  were  related  to  recurrent  bleeding
20]. Subsequently,  new  retrospective  single-center  cohort
tudies  (19  to  144  patients  included)  primarily  using  uncov-
red  stents  were  published  (Table  1)  [20—32].  Thirty-day
ortality  varied  between  10.5%  and  42%  according  to  the

tudy  [21—25,27—30], and  bleeding  recurrence  was  reported
n  11  to  25%  of  patients  [20—22,24—27,29—32]. Leading
auses  of  death  were  hepatic,  renal  or  multivisceral  fail-
re  and  sepsis,  particularly  pneumonitis  [20—32].  Predictors
f  mortality  were  identified,  i.e.  use  of  balloon  tampon-
de,  orotracheal  intubation  and  intensive  care  unit  (ICU)
nagement  of  portal-hypertension-related  complications  in
https://doi.org/10.1016/j.clinre.2019.09.003

tay,  presence  of  hepatic  encephalopathy  (HE)  or  ascites,
se  of  catecholamines,  presence  of  sepsis,  prothrombin
ime  (PT),  bilirubin,  albumin,  ALT,  leukocytes,  platelets  and
erum  creatinine  levels  prior  to  insertion  of  TIPS  [23—32].

https://doi.org/10.1016/j.clinre.2019.09.003
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Table  1  Retrospective  studies  of  salvage  TIPS  for  variceal  bleeding.

Reference  Number  of
patients

Type  of  stent  Child-Pugh  score  Median  follow-up  Mortality  rates  Bleeding
recurrence

Encephalopathy  Predictive  factors
(before  TIPS)  of
death  in  multivariate
analysis

Mc  Cormick  et  al.
BJS  Open
1994  [20]

20  Uncovered  Child-Pugh  A  (5%),
B (35%)  and  C  (60%)

10  months  60%  at  40  days  10%  MD  MD

Le Moine  et  al.
Scand  J
Gastroenterol
1994  [21]

24  Uncovered  Child-Pugh  A  (12%),  B
(52%)  and  C  (36%)

5  months  17%  at  30  days  25%  17%  MD

Jalan et  al.
Am  J  Gastroenterol
1995  [22]

19  Uncovered  MD  MD  42%  at  30  days  16%  25%  MD

Rubin et  al.
Am  J  Gastroenterol
1995  [23]

49  Uncovered  MD  8,4  months  39%  at  30  days  MD  MD  PT,  bilirubin,
albumin,  ALAT
Orotracheal
intubation
Vasopressin,  balloon
tamponade
Child-Pugh  and
APACHE  II  score

Sanyal et  al.
Gastroenterology
1996  [24]

30  Uncovered  Child-Pugh  A  (3%),
B  (23%)  and  C  (73%)

30,7  months  37%  at  30  days
40%  at  45  days

13%  27%  Orotracheal
intubation
Encephalopathy
grade  IV

Banares et  al.
Am  J  Gastroenterol
1998  [25]

56  Uncovered  Child-Pugh  A  (19%),
B(39%)  and  C  (41%)

MD  28%  at  30  days  14%  MD  Encephalopathy
Ascites
Albumin

Patch et  al.
J  Hepatol
1998  [26]

54  Uncovered  Child-Pugh  A  (9%),
B (37%)  and  C  (54%)

5,7  months  48%  at  45  days  20%  MD  Ascites
Leucocytes,
platelets,  PT,
creatinine
Orotracheal
intubation

Azoulay et  al.
J  Hepatol
2001  [27]

58  Uncovered  Median  Child-Pugh
score:  10,6  ±  2

16  months  29%  at  30  days
35%  at  60  days

7%  MD  Sepsis
Vasoactive  drugs
Balloon  tamponade

Tzeng et  al.
Korean  J  Radiol
2009  [28]

107  Uncovered  MD  12  months  28%  at  30  days
35%  at  60  days

MD  MD  Child-Pugh
score  >  C11
-MELD  >  20

https://doi.org/10.1016/j.clinre.2019.09.003
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Table  1  (Continued)

Reference Number  of
patients

Type  of  stent Child-Pugh  score Median  follow-up Mortality  rates Bleeding
recurrence

Encephalopathy  Predictive  factors
(before  TIPS)  of
death  in  multivariate
analysis

Gazerra  et  al.
Radiol  Med
2012  [29]

85  Uncovered  MD  MD  26%  at  30  days 7.3%  15.8%  Child-Pugh  C  score
Creatinine,  PT

Casadaban et  al.
Ann  Hepatol
2015  [30]

101  Uncovered
(40%)

Child-Pugh  A  (2%),
B (46%)  and  C  (52%)

MD  31%  at  30  days  21%  MD  MELD  score
Alcoholic  cirrhosis

Maimone et  al.
Dig  Dis  Sci
2018  [31]

144  Uncovered
(56%)

Child-Pugh  A  (8%),
B (38%)  and  C  (54%)

117  days  36%  at  45  days  29%  MD  Child-Pugh  score
MELD  score
Length  of  intensive
care  unit  stay  before
TIPS
Ascites

Zhu et  al.
J Gastrointestin
Surg
2019  [32]

57  Uncovered  (5.3%)  Child-Pugh  A  (9%),
B (62%)  and  C  (29%)

17.3  months  10.5%  at  45  days  20%  33.3%  Orotracheal
intubation  and
intensive  care  unit
stay

MD: missing data; PT: prothrombin time; TIPS: transjugular intrahepatic shunt.

https://doi.org/10.1016/j.clinre.2019.09.003
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linico-biological  scoring  systems  associated  with  mortality
ere  Child-Pugh  score,  APACHE  II  and  model  for  end-

tage  liver  disease  (MELD)  [23,28].  As  these  studies  mainly
nvolved  uncovered  stents  and  sclerotherapy,  new  series  are
eeded  to  evaluate  the  outcome  of  patients  in  the  area  of
BL,  covered  stents  and  resuscitation  measures  in  cirrhotic
atients.

Use  of  salvage  TIPS  is  currently  recommended  in  cases
f  persistent  bleeding  and  severe  rebleeding  during  the  first
ve  days  after  combined  pharmacological  and  endoscopic
herapy  for  esophageal  varices  and/or  gastro-esophageal
arices  according  to  the  Baveno  VI  consensus  workshop  [1].
alloon  tamponade  or,  more  recently,  the  esophageal  stent,
an  be  used  as  a  bridge  to  TIPS  in  refractory  variceal  bleed-
ng  [33].

arly  TIPS  in  patients  with  high  risk  of  bleeding
ecurrence
n  case  of  acute  variceal  bleeding,  some  predictive  factors
f  failure  to  control  bleeding  and  mortality  were  identi-
ed  as,  for  example,  increased  portal  pressure  and  severity
f  underlying  liver  disease,  suggesting  that  more  effective
herapy  could  be  suitable  for  selected  patients  [34—43].

Monescillo  et  al.  studied  52  patients  considered  at  high
isk  of  bleeding  recurrence  due  to  HVPG  ≥  20  mmHg.  These
atients  were  randomized  into  two  groups  (TIPS  placement
ithin  the  first  24  h  of  the  bleeding  episode  versus  no  TIPS  in
ddition  to  somatostatin  plus  sclerotherapy  as  standard  of
are).  Six-week  (11  versus  31%,  P  =  0.02)  and  one-year  (31
ersus  65%,  P  =  0.01)  mortality  were  significantly  lower  in
he  group  treated  with  TIPS  [44].

The  concept  of  early-TIPS  was  then  proposed  by  Garcia-
agan  et  al.  in  2010  in  a  multicenter  randomized  controlled
rial  (RCT)  involving  63  patients  at  high  risk  of  bleeding
ecurrence  (defined  as  Child-Pugh  B  with  active  bleed-
ng  at  endoscopy  and  Child-Pugh  C)  randomized  in  two
roups  (medical  treatment,  EBL  and  covered  TIPS  within
he  first  72  h  of  the  bleeding  episode  versus  medical  treat-
ent  and  EBL  alone).  In  the  group  that  underwent  TIPS
lacement,  only  one  patient  presented  bleeding  recur-
ence,  compared  to  14  patients  in  the  group  without  TIPS
3  versus  45%,  P  =  0.001).  Overall  survival  at  one  year  was
igher  in  the  early  TIPS  group  than  in  the  control  group
86  versus  61%,  P  <  0.001).  It  is  noteworthy  that  Child-Pugh

 patients  included  in  this  study  were  at  Child-Pugh  C13
aximum  without  severe  renal  failure  [45].  Following  this
CT,  beneficial  effects  of  use  of  early  TIPS  in  high-risk
atients  were  confirmed  in  various  observational  studies,
specially  in  Child-Pugh  C  patients  [46—50].  Some  contro-
ersies  remain  regarding  Child-Pugh  B  patients  with  active
leeding;  in  fact,  the  study  of  Hernandez-Gea  et  al.  did  not
how  improvement  in  survival  with  early  TIPS  in  this  specific
opulation  of  patients  [50].  Nevertheless,  in  a  real-life  study
onducted  at  58  centers  in  France,  only  22  of  326  eligible
igh-risk  patients  underwent  early  TIPS  placement  (6.7%).
his  low  rate  was  explained  by  the  lack  of  access  to  the
IPS  procedure  in  several  centers,  or  because  their  physi-
Please  cite  this  article  in  press  as:  Allaire  M,  et  al.  TIPS  for  ma
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ians  did  not  believe  in  the  benefit  of  early  TIPS  placement
or  these  patients  [49].  The  same  trend  was  observed  in  a
ecent  multicenter  international  observational  study.  Among
71  patients  who  presented  early-TIPS  placement  criteria
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ithout  TIPS  contraindications,  only  66  received  early  TIPS
reatment  (10%).  However,  the  1-year  mortality  rate  was  sig-
ificantly  lower  in  the  group  of  Child-Pugh  C  patients  treated
ith  TIPS  (22%)  compared  to  that  treated  with  endoscopic
nd  medical  treatment  only  (47%,  P  =  0.002)  [50].

Consequently,  in  light  of  these  results,  and  accord-
ng  to  the  Baveno  VI  consensus,  early-covered  TIPS  within
2  h  (ideally  <  24  h)  must  be  considered  in  patients  at  high
isk  of  treatment  failure  (Child-Pugh  class  C  <  14  points
r  Child-Pugh  class  B  with  active  bleeding)  after  success-
ul  pharmacological  and  endoscopic  therapy  for  esophageal
arices  and/or  gastro-esophageal  varices  [1].  Nevertheless,
urther  studies  on  the  role  of  early  TIPS  in  patients  with
evere  liver  failure  (Child-Pugh  C14  or  more),  or  with  renal
ailure,  are  warranted.

econdary  prophylaxis
se  of  TIPS  may  also  be  proposed  as  secondary  prophylaxis
fter  bleeding  control.  Indeed,  despite  application  of  opti-
al  medical  and  endoscopic  treatments,  some  patients  will
resent  rebleeding.  A  meta-analysis  published  in  2008  that
ncluded  12  RCT  showed  a significant  decrease  in  variceal
ebleeding  (OR  = 0.32,  95%  CI  [0.24—0.43],  P <  0.00001)  and
eath  due  to  rebleeding  (OR  =  0.35,  95%  CI  [0.18—0.67],

 =  0.002)  after  TIPS  placement  in  secondary  prophylaxis,
ompared  to  EBL  or  sclerotherapy  alone  [51].  Later,  two  RCT
nalyzed  the  impact  of  covered  TIPS  after  a  first  episode
f  variceal  bleeding,  by  comparing  TIPS  placement  to  EBL
ssociated  with  medical  treatment  (beta-blockers)  in  unse-
ected  Child-Pugh  A  to  C  patients  [52,53].  Lower  rebleeding
ates  were  observed  in  the  two  studies  in  patients  treated
y  TIPS  (0  versus  29%,  P  =  0.001  for  Holster  et  al.  [52]  and

 versus  26%,  P  =  0.002  for  Sauerbruch  et  al.  [53]).  How-
ver,  no  differences  in  terms  of  survival  were  observed,
nd  TIPS  was  associated  with  higher  rates  of  HE  (35  ver-
us  14%  at  1  year,  P  =  0.035  for  Holster  et  al.  [52]  and  18
ersus  8%  at  2  years,  P  =  0.05,  for  Sauerbruch  et  al.  [53]).
imilar  data  were  reported  in  secondary  prophylaxis  follow-
ng  gastro-esophageal  variceal  bleeding  in  Child-Pugh  A  to  C,
nd  bleeding  recurrence  was  less  frequent  without  impact-
ng  mortality  [4—6].

IPS  in  patients  with  portal  vein  thrombosis

ortal  vein  thrombosis  (PVT)  is  a  common  complication  of
irrhosis,  due  to  the  hypercoagulable  state,  static  portal
lood  flow  and  endothelial  injury.  The  incidence  of  PVT  may
ary  from  10  to  23%  in  patients  with  cirrhosis,  and  can  lead
o  variceal  bleeding  even  in  Child-Pugh  A  patients  [54,55].

econdary  prophylaxis  after  variceal  bleeding
econdary  prophylaxis  in  cirrhotic  patients  with  PVT  usually
onsists  of  EBL  combined  with  non-selective  beta-blockers
nd,  when  necessary,  anticoagulation  when  confronted  with
ncreased  risk  of  rebleeding.  PVT  has  been  associated  with
igher  risk  of  variceal  relapse  and  rebleeding  in  patients
ho  underwent  EBL.  In  two  recent  RCT  in  which  patients
nagement  of  portal-hypertension-related  complications  in
 https://doi.org/10.1016/j.clinre.2019.09.003

ith  cirrhosis,  PVT  and  a  history  of  variceal  bleeding  (49
atients  with  94%  of  Child-Pugh  A-B  for  Lv  et  al.  [56],  73
atients  with  67%  of  Child-Pugh  A-B  for  Luo  et  al.  [57])
ere  randomly  assigned  1:1  to  the  TIPS  group  or  EBL  plus

https://doi.org/10.1016/j.clinre.2019.09.003
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propranolol  group  in  association  with  anticoagulation,  TIPS
was  associated  with  a  lower  variceal  rebleeding  rate  (25%
versus  50%  at  2  years  for  Lv  et  al.  [56]  and  22%,  versus  57%
at  2  years,  P  =  0.002  for  Luo  et  al.  [57])  and  a  higher  por-
tal  recanalization  rate  (95%  versus  70%,  P  =  0.03  for  Lv  et  al.
[56]  and  65%  versus  19%,  for  Luo  et  al.  [57]).  No  statistically
significant  difference  was  observed  in  survival  (75%  versus
84%,  P  =  0.31  for  Lv  et  al.  [56]  and  83%  versus  57.2%,  P  =  0.23
for  Luo  et  al.  [57]),  nor  in  the  occurrence  of  HE  between
the  2  groups.  Interestingly,  similar  results  were  observed  in
cases  of  cavernous  transformation  of  the  portal  vein,  with
lower  rates  of  rebleeding  but  without  improving  survival,  in
patients  who  underwent  TIPS  placement  compared  to  EBL
plus  propranolol  [58].  Consequently,  in  patients  with  cirrho-
sis  and  PVT,  TIPS  is  a  satisfactory  alternative  for  preventing
variceal  rebleeding  and  improving  PVT  recanalization;  how-
ever,  future  studies  addressing  optimal  selection  criteria  for
TIPS  in  this  population  are  needed.

Portal  vein  thrombosis  persistent  despite  anticoagulation
TIPS  placement  has  also  been  associated  with  regres-
sion/disappearance  of  pre-existing  portal  thrombosis  and
could  be  used  for  PVT  recanalization  allowing  successful
liver  transplantation.  In  70  patients  with  PVT  (thrombosis
occupying  over  50%  of  light  in  56%  of  patients)  who  under-
went  TIPS  for  portal  hypertension  complications  (refractory
ascites,  hydrothorax  and  variceal  bleeding),  57%  showed
complete  regression  of  thrombosis,  30%  partial  regression,
and  only  13%  showed  no  improvement.  None  of  these
patients  received  thrombolysis  or  anticoagulation  in  pre-
or  postprocedures.  In  that  study,  predictors  of  a  complete
response  included  the  presence  of  recent  thrombosis,  non-
extensive  or  incomplete  thrombosis  and  the  absence  of
esophageal  varices.  Only  two  patients  presented  thrombotic
recurrence  during  follow-up  [59].  In  the  study  of  Thornburg
et  al.,  55  out  of  61  patients  with  PVT  (56%  of  fully  occlu-
sive  PVT)  maintained  successful  recanalization  during  the
19.2  months  of  follow-up,  and  24  of  them  underwent  suc-
cessful  LT  with  physiologic  porto-portal  anastomosis  [60].
In  patients  with  complete  chronic  portal  vein  thrombosis  or
cavernoma,  the  classical  technique  of  TIPS  insertion  is  often
difficult  or  impossible  to  carry  out.  However,  a  new  radi-
ological  approach  that  includes  TIPS  following  portal  vein
recanalization  using  trans-splenic  access  was  shown  to  be  a
safe  and  effective  option  for  these  patients  [60,61].

Ascites  and  hydrothorax

Refractory  ascites
Refractory  ascites  is  a  common  complication  of  cirrhosis
associated  with  a  poor  prognosis  (50%  survival  at  one  year)
[62].  For  these  patients,  LT  should  always  be  considered;
unfortunately,  patients  have  frequent  contraindications
such  as  comorbidities.  Moreover,  patients  with  refractory
ascites  frequently  have  low  MELD  scores  that  may  delay
accessibility  to  LT,  with  high  mortality  on  waiting  lists.  In
such  situations,  TIPS  would  appear  to  be  a  satisfactory  alter-
Please  cite  this  article  in  press  as:  Allaire  M,  et  al.  TIPS  for  ma
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native  treatment.  Several  RCT  compared  uncovered  TIPS  to
large-volume  paracentesis  (LVP)  [63—68]  (Table  2).  In  those
studies,  TIPS  was  associated  with  a  significant  reduction  in
ascites  recurrence  and  paracentesis,  but  also  with  a  higher

•
•

•

 PRESS
ns  7

ate  of  HE  and  TIPS  dysfunction.  However,  its  impact  on
urvival  remains  controversial,  as  shown  by  the  different
eta-analyses  available  [69—73].  Indeed,  some  studies  did

ot  consider  transplant-free  survival,  and  most  studies  used
ncovered  stents.  New  data  on  transplant-free  survival  and
he  occurrence  of  HE  using  covered  TIPS  are  needed.  Inter-
stingly,  some  series  showed  that  TIPS  in  cases  of  refractory
scites  was  associated  with  an  increase  in  muscle  mass  and

 decrease  in  fat  mass,  suggesting  a  positive  impact  on  the
utritional  status  of  patients  prior  to  LT  [74—76].

ecurrent  ascites
ecurrent  ascites  refers  to  patient  with  ascites  who  have  not
eached  the  stage  of  refractory  ascites  defined  by  ‘‘ascites
hat  cannot  be  mobilized  or  the  early  recurrence  of  ascites
fter  LVP,  which  cannot  be  satisfactorily  prevented  by  medi-
al  therapy’’  [77]. Recently,  Bureau  et  al.  conducted  a
ulticentric  RCT  in  62  patients  with  recurrent  ascites  (Child-
ugh  score  <12  and  serum  creatinine  <  250  �mol/L)  using  a
overed  stent  (29  treated  by  covered  TIPS  and  33  by  LVP  and
lbumin).  At  one  year,  transplant-free  survival  was  increased
n  the  covered-TIPS  group  compared  to  LVP  associated  with
lbumin  (93%  versus  52%,  P  =  0.003).  No  significant  differ-
nce  in  the  occurrence  of  HE  was  observed  between  the
wo  groups.  During  follow-up,  a  higher  proportion  of  the  LVP
roup  presented  portal-hypertension-related  bleeding  (18%
ersus  0%,  P  =  0.01)  and  hernia-related  complications  (18%
ersus  0%,  P  =  0.01)  compared  to  the  covered-TIPS  group
78].

epatic  hydrothorax
irrhosis  is  also  associated  with  the  occurrence  of  pleural
scites  (hepatic  hydrothorax)  in  0.4  to  12.2%  of  patients.
epatic  hydrothorax  is  unilateral  in  most  cases,  and  is  fre-
uently  localized  in  the  right  lung  (80%)  [79]. Standard
reatment  includes  diuretics  and  thoracentesis.  To  date,  no
CT  exists  comparing  standard  treatment  to  TIPS,  and  pub-

ished  series  were  retrospective,  and  limited  by  the  small
umbers  of  patients  analyzed.  Improvement,  along  with  a
educed  need  for  thoracentesis,  was  observed  in  40—75%
f  patients  treated  by  TIPS  after  a  median  follow-up  of
0  months;  mortality  at  one  month  was  5  to  30%  and  a
ELD  score  <  15  was  associated  with  better  survival  [80—86].
espite  weak  evidence,  TIPS  might  be  proposed  to  patients
ith  refractory  hepatic  hydrothorax  and  a  low  MELD  score
ut,  like  refractory  ascites,  LT  should  be  considered  in  case
f  refractory  hydrothorax,  especially  if  liver  function  wors-
ns  after  the  procedure  [77].

epatorenal  syndrome  (HRS)

RS  is  a  functional  kidney  injury  explained  by  a  decrease  in
enal  blood  flow  with  histologically  normal  kidneys,  occur-
ing  in  patients  with  decompensated  cirrhosis.  No  specific
iagnostic  biomarkers  have  been  validated,  and  diagnosis  is
urrently  based  on  the  conjunction  of  several  criteria:
nagement  of  portal-hypertension-related  complications  in
https://doi.org/10.1016/j.clinre.2019.09.003

 exclusion  of  other  causes  of  renal  impairment;
 no  improvement  after  diuretic  withdrawal  and  volume

expansion  with  albumin  and;
 advanced  liver  failure  [77,86].

https://doi.org/10.1016/j.clinre.2019.09.003
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Table  2  Randomized  controlled  trial  of  TIPS  for  refractory  and  recurrent  ascites  compared  to  large  volume  paracentesis.

Reference  Number  of
patients

Median
follow-up

Survival  Hepatic
encephalopathy

Ascites
recurrence

Refractory ascites

Lebrec  D,  et  al.
J Hepatol
2006  [63]
(uncovered  stent)

25  patients
17  Child-Pugh  B
8  Child-Pugh  C
13 randomized  for
TIPS
12  randomized  for
LVP

MD  2  year  survival
29%  in  TIPS  group
60%  in  LVP  group
(P  =  0.03)

23%  in  TIPS  group
0%  in  LVP  group

73%  in  TIPS
group  82%  in
LVP  group
(P  =  NS)

Rossle M,  et  al.
NEJM
2000  [64]
(uncovered  stent)

60  patients
42  Child-Pugh  B
18  Child-Pugh  C
29  randomized  for
TIPS
31  randomized  for
LVP

10  months  2  year  TFS
58%  in  TIPS  group
32%  in  LVP  group

58%  in  TIPS  group
48%  in  LVP  group
(P  =  NS)

21%  in  TIPS
group  76%  in
LVP  group
(P  =  0.006)

Ginès P,  et  al.
Gastroenterology
2002  [63]
(uncovered  stent)

70  patients
28  Child-Pugh  B
42  Child-Pugh  C
35  randomized  for
TIPS  35
randomized  for
LVP

10  months  2  year  TFS
26%  in  TIPS  group
30%  in  LVP  group
(p  =  0.51)

77%  in  TIPS  group  66%
in LVP  group
(P  =  0.29)

49%  in  TIPS
group
83%  in  LVP
group
(P  =  0.003)

Sanyal AJ,  et  al.
Gastroenterology
2003  [66]
(uncovered  stent)

109  patients
52  randomized  for
TIPS  57
randomized  for
LVP

MD  Median  TFS
20 months  in  TIPS
group
12 months  in  LVP
group
(P =  0.77)

38%  in  TIPS  group  21%
in LVP  group
(P  =  0.058)

42%  in  TIPS
group
84%  in  LVP
group
(P  <  0.001)

Salerno F,  et  al.
Hepatology
2004  [67]
(uncovered  stent)

66  patients
16  Child-Pugh  B
50  Child-Pugh  C
33  randomized  for
TIPS  33
randomized  for
LVP

18  months  2  year  TFS
59%  in  TIPS  group
29%  in  LVP  group
(P  =  0.021)

61%  in  TIPS  group
39%  in  LVP  group
(P  =  NS)

39%  in  TIPS
group
97%  in  LVP
group
(P  <  0.001)

Narahara Y,  et  al.
J  Gastroenterol
2011  [68]
(uncovered  stent)

60  patients
40  Child-Pugh  B
20  Child-Pugh  C
30  randomized  for
TIPS
30  randomized  for
LVP

28  months  2  year  TFS
64%  in  TIPS  group
35%  in  LVP  group
(P  <  0.005)

20%  in  TIPS  group
5%  in  LVP  group
(P  <  0.001)

33%  in  TIPS
group
73%  in  LVP
group
(P  <  0.005)

Recurrent ascites

Bureau  C,  et  al.
Gastroenterology
2017  [78]
(covered  stent)

62  patients
41  Child-Pugh  B
21  Child-Pugh  C
29  randomized
for  TIPS
33  randomized
for  LVP

12  months  1  year  TFS
93%  in  TIPS
group
52%  in  LVP
group
(P  =  0.003)

34%  in  TIPS
group
33%  in  LVP
group
(P  =  NS)

At  1  year
1  in  TIPS  group
10 in  LVP  group
(P  <  0.001)

LVP: large volume paracentesis; MD: missing data; TFS: transplant-free survival; TIPS: transjugular intrahepatic shunt

https://doi.org/10.1016/j.clinre.2019.09.003
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Type  1  HRS  is  a  rapidly  progressive  acute  kidney  injury
of  less  than  two  weeks,  and  is  often  associated  with  pre-
cipitating  factors.  Type  2  HRS  evolves  slowly  over  several
months,  usually  in  patients  with  refractory  ascites.  Median
survival  times  of  HRS-1  and  HRS-2  are  about  2  weeks  and
4-6  months,  respectively.  A  combination  of  vasoconstrictor
therapy  by  terlipressin  and  albumin  expansion  is  the  first-
line  treatment  for  HRS-1,  but  LT  remains  the  best  therapy
for  HRS-1  and  HRS-2  [77,87].  Use  of  TIPS  as  a  treatment  for
HRS  was  proposed  following  the  observation  of  improvement
in  renal  function  in  patients  who  received  TIPS  for  refrac-
tory  ascites.  However,  no  RCT  has  investigated  the  role  of
TIPS  for  this  indication,  and  only  retrospective  studies  are
currently  available.

Type  1  SHR
One  of  the  first  studies  reporting  the  impact  of  TIPS  on  type
1  HRS  described  10  patients  who  responded  to  a  combina-
tion  of  albumin,  midodrine  and  octreotide,  with  a  decrease
in  creatinine  levels  <  133  �mol/L  for  at  least  3  days.  TIPS
was  performed  in  5  of  these  patients,  resulting  in  improved
renal  function  persistent  at  one  year  in  4  of  them  [88].
Another  study  demonstrated  improvement  in  renal  func-
tion  in  six  of  seven  patients  with  type  1  HRS  treated  by
TIPS  [89].  Testino  et  al.  performed  TIPS  in  nine  patients
with  type  1  HRS  and  acute  alcohol-related  hepatitis;  this
resulted  in  decreased  serum  creatinine  (5.2  ±  0.9  mg/dL  to
1.6  ±  0.6  mg/dL  by  30  days)  and  blood  urea  nitrogen  and
increased  urine  output  [90].  However,  many  patients  with
type  1  SHR  also  have  severe  liver  failure,  contraindicating
TIPS,  and  only  LT  remains  possible  in  most  of  these  patients
[76,86].

Type  2  SHR
Improvement  in  renal  function  has  been  observed  in  patients
with  type  2  HRS  and  refractory  ascites  treated  by  TIPS  while
awaiting  LT.  Consequently,  it  could  be  used  as  a  bridge
to  transplantation  in  type  2  HRS  patients  with  refractory
ascites  by  improving  renal  function  before  transplantation
[91—94].  In  a  recent  meta-analysis  that  included  9  studies,
1-year  survival  rates  were  47%  in  type  1  HRS  and  64%  in  type
2  HRS  after  TIPS  [95].  Overall,  LT  may  be  considered  in  all
patients  with  HRS  and,  due  to  the  limited  data  available,  no
strong  recommendations  exist  concerning  TIPS  in  patients
with  HRS  type  1  or  2  [77,87].

Use  of  TIPS  prior  to  extrahepatic  surgery  in
patients with  cirrhosis

Portal  hypertension  patients  undergoing  extrahepatic
abdominal  surgery  are  at  high  risk  of  complications  such  as
liver  failure,  ascites,  bacterial  infection  and  peri-operative
bleeding,  with  a  mortality  rate  ranging  from  10  to  57%
[96].  TIPS  before  surgery  was  proposed  so  as  to  reduce
the  degree  of  portal  hypertension.  To  date,  few  stud-
ies  have  evaluated  pre-operative  TIPS  for  extrahepatic
abdominal  surgery  in  the  setting  of  portal  hypertension.
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The  available  observational  studies  on  extrahepatic  surgery
considered  only  a  limited  number  of  patients,  without  a  con-
trol  group  [97—101].  Two  retrospective  controlled  studies
were  performed  comparing  outcome  of  cirrhotic  patients
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ho  underwent  TIPS  prior  to  abdominal  surgery  with  cir-
hotic  patients  without  TIPS.  No  significant  difference  was
bserved  in  post-operative  complications,  1-month  or  1-year
ortality.  However,  patients  who  underwent  TIPS  placement
resented  higher  Child-Pugh  scores,  and  PSPG  was  not  mea-
ured  in  all  subjects  in  the  control  group;  thus,  we  cannot
liminate  a difference  in  the  severity  of  portal  hyperten-
ion  between  the  2  groups  [102,103].  Due  to  the  lack  of
trong  data,  we  cannot  conclude  that  TIPS  reduces  morbid-
ty  or  mortality  after  abdominal  surgery.  Further  studies  are
eeded  to  decipher  the  role  of  TIPS  so  as  to  increase  the
easibility  of  surgery.

omplications and related contraindications

omplications  related  to  creation  of  a  portal
ystemic shunt

iver  failure
ue  to  a decrease  in  liver  perfusion  secondary  to  cre-
tion  of  a  portal  systemic  shunt  and  portal  flow  diversion,
iver  failure  may  rapidly  occur  after  TIPS,  and  emergency
ecalibration  of  TIPS  might  be  considered  [104,105].  Con-
equently,  the  possibility  of  LT  should  be  discussed  before
ach  TIPS  procedure.

Since  TIPS  may  increase  risk  of  liver  failure,  it  is  essential
o  carefully  select  patients.  In  various  studies,  hypona-
remia,  serum  concentration  of  bilirubin,  creatinine  and
rothrombin  time,  as  well  as  pre-TIPS  encephalopathy,  were
ssociated  with  higher  mortality  [106—114], and  the  MELD
core  was  better  than  the  Child-Pugh  score  in  predicting
-month  survival  of  patients  undergoing  TIPS  [114].  Cur-
ent  American  Association  for  the  study  of  liver  diseases
AASLD)  guidelines  recommend  that  TIPS  be  placed  only  in
he  absence  of  other  options  if  MELD  is  higher  than  15—18
r  serum  bilirubin  >  4  mg/dL  [115].  In  case  of  refractory
scites,  the  combination  of  total  bilirubin  over  50  �mol/L
ith  a  platelet  count  below  75,000/mm3 was  also  associ-
ted  with  increased  mortality  in  patients  with  refractory
scites  treated  by  TIPS  [116].  The  European  Association  for
he  Study  of  the  Liver  (EASL)  suggests  eventual  use  of  TIPS
n  refractory  ascites  in  the  absence  of  severe  liver  failure
serum  bilirubin  >  5  mg/dL,  INR  ≥  2,  Child-Pugh  score  >  11,
urrent  HE  ≥  grade  2  or  chronic  HE)  [77].  In  patients  with
evere  hepatocellular  insufficiency,  LT  should  be  consid-
red  as  first-line  treatment.  However,  in  case  of  refractory
ariceal  bleeding,  risk  of  liver  failure  after  TIPS  must  be
ounterbalanced  by  the  absence  of  alternative  therapeutic
reatments  and  high  risk  of  early  death  without  treatment
1].

epatic  encephalopathy
H  is  the  most  frequent  complication  related  to  the  creation
f  a  portal  systemic  shunt;  it  occurs  in  about  10  to  50%  of
atients,  and  is  of  great  concern  to  physicians  [115,117].

Nevertheless,  as  exposed  in  this  review,  TIPS  placement
emains  the  best  option  for  treating  numerous  complications
nagement  of  portal-hypertension-related  complications  in
https://doi.org/10.1016/j.clinre.2019.09.003

f  decompensated  cirrhosis.  Moreover,  when  cirrhosis  is
ecompensated,  the  natural  history  of  the  disease  will  be
mpaired  by  HE,  even  in  the  absence  of  TIPS  placement.
redisposing  factors  in  HE  have  been  identified,  such  as

https://doi.org/10.1016/j.clinre.2019.09.003
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ast  history  of  HE,  minimal  HE,  sarcopenia,  high  creati-
ine  levels,  low  serum  sodium  value,  age  >  60  years  and  high
hild-Pugh  score  [118—120].

Nevertheless,  HE  is  not  an  absolute  contraindication  for
IPS  placement,  and  the  risk/benefit  balance  should  be  dis-
ussed  in  each  situation.  In  urgent  situations  such  as  acute
ariceal  bleeding,  HE  or  a  history  of  HE  does  not  appear  to
e  a  contraindication;  indeed,  treatment  of  life-threatening
omplications  remains  the  priority.  In  non-urgent  situation,
IPS  placement  is  contraindicated  when  HE  is  uncontrol-

able  [115].  Previous  spontaneous  episodes  of  HE  without
 triggering  factor,  or  episodes  that  required  oro-tracheal
ntubation  and  mechanical  ventilation,  are  frequently  con-
idered  as  a  contra-indication  to  TIPS.  Nevertheless,  strong
eterogeneity  in  patient  selection  was  observed  regarding
E.  Indeed,  in  most  studies,  excluded  patients  presented

 recurrent  history  of  HE  or  a  history  of  overt  HE,  with-
ut  distinguishing  the  number  of  episodes  or  whether  these
utbreaks  were  related  to  a  triggering  factor.  Recently,  it
as  been  shown  that  use  of  a  covered  stent  compared  to  a
are  stent  reduces  the  risk  of  developing  HE  as  well  as  the
iameter  of  the  stent  [121,122,105].

To  prevent  the  occurrence  of  HE,  one  RCT  compared
 placebo  versus  lactulose  versus  rifaximin  administered
ithin  the  first  month  after  TIPS  placement  in  75  patients,
ut  no  difference  in  HE  was  observed  between  the  differ-
nt  groups  (respectively,  32%,  36%  and  32%,  P  =  0.97)  [123].
ther  methods  have  been  studied,  such  as  L-ornithine-L-
spartate  or  albumin  perfusion  but  they  did  not  reduce  overt
E  occurrence  [124,125].  To  date,  there  is  no  evidence  for
se  of  prophylaxis.  In  case  of  overt  HE  after  TIPS  placement,
edical  treatment  consists  of  lactulose  as  a  first  line  and

ifaximin  in  association  with  lactulose  as  a  second  line.  In
ase  of  failure  of  medical  treatment,  recalibration  of  TIPS
reduction  in  diameter)  by  interventional  radiology  should
e  performed.  If  symptoms  persist,  complete  occlusion  of
he  shunt  should  be  considered  [126].  However,  a  reduction
n  diameter  or  occlusion  of  the  shunt  might  increase  the
isk  of  recurrence  of  complications  of  portal  hypertension.
inally,  liver  transplantation  should  be  considered  in  case  of
ersistent  HE.

eart  failure
re-existing  systolic  or  diastolic  dysfunction  may  lead  to
he  occurrence  of  acute  pulmonary  edema  after  TIPS  inser-
ion.  Selection  of  patients  via  screening  of  systolic  and
iastolic  dysfunction  using  cardiac  ultrasonography  is  help-
ul  in  reducing  the  occurrence  of  this  complication.  Severe
ystolic  dysfunction  (ejection  fraction  <  40—50%)  contraindi-
ates  TIPS  due  to  risk  of  acute  pulmonary  edema.  In  the  case
f  echocardiographic  pulmonary  systolic  arterial  pressure
APs  >  45—50  mmHg,  right  heart  catheterization  should  be
erformed  in  order  to  accurately  diagnose  the  presence  of
ulmonary  hypertension  (defined  by  mean  pulmonary  pres-
ure  over  25  mmHg).  This  would  confirm  primary  pulmonary
ortal  hypertension  (pre-capillary  pulmonary  hypertension
lassified  as  low,  moderate  or  severe)  and  exclude  post-
Please  cite  this  article  in  press  as:  Allaire  M,  et  al.  TIPS  for  ma
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apillary  pulmonary  hypertension  [115].
Diastolic  dysfunction  as  a  contraindication  for  TIPS  is

ore  controversial.  An  E/A  ≤  1  (ratio  allowing  detection  of
ardiac  diastolic  dysfunction  with  E:  maximum  speed  of
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apid  protodiastolic  filling  and  A:  maximum  filling  speed
ue  to  auricular  contraction  in  telediastole)  was  associated
ith  excess  mortality  after  TIPS  insertion  (HR  =  4.7,  95%  CI:
.1—20.2;  P  =  0.035)  [127],  but  only  7%  of  deaths  after  TIPS
ere  due  to  cardiac  failure  in  patients  with  E/A  ≤  1,  while
6%  of  deaths  were  secondary  to  liver  failure.  In  another
tudy,  22  patients  with  an  E/A  ratio  greater  than  1  were  alive
ne  year  after  TIPS,  while  six  of  the  ten  patients  with  an
/A  ≤  1  had  died,  and  the  presence  of  diastolic  dysfunction
as  an  independent  predictor  of  mortality  (RR  =  8.9,  95%
I:  1.9—41.5,  p  =  0.005)  [128].  Nevertheless,  these  observa-
ions  have  been  recently  questioned  by  the  fact  that  few
r  no  patients  with  E/A  ≤  1  at  echocardiography  develop
ardiac  failure  after  TIPS  [129,130].  Consequently,  the  E/A
atio  does  not  seem  to  be  the  most  accurate  parameter  for
dequately  predicting  cardiac  failure  in  TIPS  candidates;
t  might  be  considered  as  a  hallmark  of  more  advanced
hronic  liver  disease  rather  than  as  a  parameter  of  risk  for
ardiac-related  complications  after  TIPS.  Additional  studies
re  needed.

omplications  related  to  the  stent

ther  complications,  related  to  the  stent  itself,  may  be
bserved.  These  include  rapid  occurrence  of  thrombosis
fter  TIPS  placement,  or  even  several  weeks  or  months  later.
tenosis  is  a  later  complication  also  diagnosed  by  ultra-
ound.  The  occurrence  of  thrombosis  or  stenosis  of  TIPS
an  lead  to  the  reappearance  of  portal  hypertension  and  its
omplications,  but  the  development  of  covered  stents  has
educed  this  type  of  stent-related  complication.  Anticoagu-
ation  can  be  discussed  for  patients  with  PVT,  particularly  in
ase  of  superior  mesenteric  vein  thrombus  (associated  with
ecanalization  failure),  but  is  not  mandatory  before  the  pro-
edure  [131].  Infections  have  been  described  in  up  to  20%
f  patients  following  the  procedure,  with  rare  occurrence
f  intraluminal  septic  thrombosis  of  TIPS  in  1.3%  of  cases.
lthough  antibiotic  prophylaxis  is  currently  not  formally
ecommended,  it  is  often  practiced  [115,132—134].  Over-
ll,  uncontrolled  sepsis  (such  as  uncontrolled  bacteremia  or
pontaneous  bacterial  peritonitis)  is  a  contraindication  in  a
on-urgent  indication  such  as  refractory  ascites,  but  should
ot  be  an  absolute  contraindication  when  confronted  with

 life-threatening  situation  such  as  uncontrolled  variceal
leeding.

omplications  related  to  the  TIPS  procedure

he  TIPS  procedure  exposes  patients  to  complications  that
nclude  liver  hematoma  and  hemoperitoneum  (1  to  2%  of
rocedures),  but  also  hemobilia  (due  to  accidental  creation
f  a  fistula  between  arterial  or  venous  branches  and  the
iliary  tree).  Consequently,  unrelieved  biliary  obstruction
nd  multiple  hepatic  cysts  are  contraindications  for  the  TIPS
rocedure.  However,  a  small  hepatocellular  carcinoma  lying
utside  the  TIPS  path  does  not  constitute  a  contraindication
o  TIPS.  Conversely,  advanced  hepatocellular  carcinoma  is
nagement  of  portal-hypertension-related  complications  in
 https://doi.org/10.1016/j.clinre.2019.09.003

n  absolute  contraindication  because  of  risk  of  bleeding  dur-
ng  TIPS  insertion,  risk  of  tumor  seeding  and  limited  survival
n  patients  with  advanced  HCC  [115].  Systematic  assessment
f  coagulation  before  the  procedure  should  be  performed,

https://doi.org/10.1016/j.clinre.2019.09.003
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but  the  threshold  value  for  transfusing  platelet  concentrates
and  plasma  is  currently  unknown  in  this  situation.

Conclusion

Improvement  in  radiological  techniques,  use  of  covered
stents  and  more  accurate  selection  of  patients  have
improved  results  of  TIPS  in  treatment  of  portal  hypertension.
For  variceal  bleeding,  TIPS  is  currently  validated  in  refrac-
tory  bleeding  and  in  prevention  of  bleeding  in  patients  at
high  risk  of  rebleeding  (Child-Pugh  B  with  active  hemorrhage
at  endoscopy  and  Child-Pugh  C  patients).  However,  accessi-
bility  of  early  TIPS  must  be  more  satisfactorily  implemented
in  clinical  practice.  Several  unmet  needs  require  additional
investigation,  including  the  role  of  TIPS  in  treatment  of  HRS
and  in  preparation  for  abdominal  surgery.  Moreover,  the  high
rate  of  encephalopathy  after  TIPS  warrants  further  stud-
ies  aimed  at  identifying  prophylactic  strategies  and  novel
curative  approaches.  Finally,  liver  transplantation  should  be
discussed  in  each  patient  for  whom  TIPS  is  under  considera-
tion.
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