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Abstract
Objective:  The  aim  of  this  study  was  to  define  the  cutoff  values  between  compensated  cirrho-
sis and  non-cirrhotic  patients  with  viral  hepatitis  B  and  C,  using  the  criteria  of  the  Doppler
parameters  of  liver  vascularity.
Materials  and  methods:  Seventy  non-cirrhotic  patients  with  viral  hepatitis  B  and  C  and  30
cirrhotic patients  were  included  in  this  prospective  study.  The  diagnostic  decisiveness  properties
of the  Doppler  values  in  the  pre-determination  of  liver  cirrhosis  were  evaluated  using  receiver
operating characteristics  curve  analysis.
Results:  Taking  the  cutoff  value  for  hepatic  vein  waveform  index  as  0.605,  a  sensitivity  of  80%

and a  specificity  of  77.1%  were  obtained.  The  sensitivity  was  80%,  and  the  specificity  was  68.6%
for a  mean  max  portal  velocity  cutoff  value  of  18.25  cm/s.  When  the  hepatic  artery  resistivity
index cutoff  value  was  taken  as  0.705  for  the  diagnosis  of  cirrhosis,  the  sensitivity  was  82.5%  and
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the specificity  72.1%.  For  a  hepatic  artery  pulsatility  index  cutoff  value  of  1.295,  a  sensitivity
of 82.5%  and  a  specificity  of  72.1%  were  found.
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Conclusion:  It  is  not  possible  to  diagnose  cirrhosis  with  only  hemodynamic  changes.  However,
the cutoff  values  may  be  helpful  in  the  selection  of  patients  to  undergo  the  procedure  of  liver
biopsy.

© 2015  Published  by  Elsevier  Masson  SAS  on  behalf  of  the  Éditions  françaises  de  radiologie.
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he  prognosis  of  chronic  liver  disease  is  primarily  dependent
n  the  stage  of  fibrosis.  The  distinction  of  cirrhotic  from
on-cirrhotic  patients  with  viral  hepatitis  B  and  C  is  of  cru-
ial  importance  in  the  determination  of  therapy  for  chronic
iver  disease  due  to  viral  hepatitis.  The  current  method  of
hoice  for  the  diagnosis  and  staging  of  hepatic  fibrosis  is  the
istologic  evaluation  of  the  liver  tissue.  This  necessitates
iver  biopsy,  which  has  some  limitations  such  as  invasive-
ess,  complications,  and  sample  error  [1—6].  A  non-invasive
ethod  to  help  decide  which  patients  should  undergo  liver
iopsy  would  be  useful  [4—6].

The  aim  of  this  study  was  to  define  the  cutoff  values
etween  compensated  cirrhosis  and  non-cirrhotic  patients
ith  viral  hepatitis  B  and  C,  in  terms  of  the  criteria  of

he  Doppler  parameters  of  liver  vascularity.  In  this  study,
oppler  parameters  from  the  hepatic  artery,  hepatic  vein,
nd  portal  vein  were  evaluated  in  patients  belonging  to
wo  groups,  one  consisting  of  patients  with  compensated
irrhosis  and  the  other  consisting  of  non-cirrhotic  patients
ith  viral  hepatitis  B  and  C.  Differences  between  these  two
roups  were  investigated  in  terms  of  hepatic  artery  resis-
ivity  index  (HARI),  hepatic  artery  pulsatility  index  (HAPI),
ean  of  the  max  portal  velocity  (MMPV),  and  hepatic  vein
aveform  index  (HVWI).  Hepatic  venous  flow  was  also  qual-

tatively  evaluated  in  terms  of  phase  characteristics.  As  a
nique  characteristic  of  the  study,  it  aimed  to  achieve  a  cut-
ff  value  between  these  two  groups  in  terms  of  all  Doppler
arameters  studied.  The  changes  in  hepatic  venous  flow
ere  quantitatively  investigated.

aterials and methods

atients

he  study  was  approved  by  our  institutional  review  board
nd  was  carried  out  in  accordance  with  the  provisions  of
he  Declaration  of  Helsinki  and  Good  Clinical  Practice  guide-
ines.  Informed  consent  was  obtained  from  all  individuals
n  both  non-cirrhotic  and  cirrhosis  groups.  A  total  of  100
atients  were  included  in  this  controlled  prospective  study.
he  patients  were  categorized  into  two  groups,  one  consist-

ng  of  patients  with  chronic  viral  hepatitis,  and  the  other
onsisting  of  patients  with  cirrhosis.  The  diagnosis  was  based
n  persistent  or  fluctuating  high  serum  aminotransferase
Please  cite  this  article  in  press  as:  Soker  G,  et  al.  Dop
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evels  for  more  than  six  months,  the  presence  of  hepati-
is  B  surface  antigen  with  hepatitis  B  virus  DNA  or  hepatitis

 antibodies  and  hepatitis  C  virus  RNA  in  the  serum,  and
hronic  hepatitis  with  or  without  cirrhosis  at  liver  biopsy.

a
a
f
H

ll  patients  had  undergone  a  liver  biopsy  within  six  months
f  entry  into  the  study.  Liver  histology  was  graded  using  the
istological  activity  index  (HAI)  according  to  the  criteria  of
shak  et  al.  [7].  According  to  the  staging  table  developed
y  Ishak  et  al.,  those  patients  with  stages  1—4  fibrosis  were
valuated  as  non-cirrhotic  patients  with  viral  hepatitis  B  and
,  while  those  with  stages  5—6  fibrosis  were  classified  with
irrhosis.  The  following  groups  of  patients  were  excluded
rom  the  study:  those  with  chronic  liver  disease  due  to  eti-
logies  other  than  viral  hepatitis,  those  with  cardiac  and
ulmonary  diseases  that  can  affect  liver  hemodynamics,
hose  on  prescriptions  that  may  alter  hepatic  blood  flow,
hose  with  habitual  alcohol  intake  of  over  20  gm/day,  those
aving  stage  2  or  3  hepatic  steatosis,  those  presenting  with

 history  of  decompensated  liver  disease,  those  with  liver
umors,  and  those  who  did  not  accept  to  be  included  in  the
tudy.

ethods

ll  patients  from  the  three  groups  were  examined  by
hree  radiologists  with  7,  10,  and  12  years’  experience,
ho  did  not  have  any  information  about  the  liver  biopsy

esults.  These  examinations  were  performed  on  a  Min-
ray  DC-7  ultrasonography  device  (Medical  International
imited,  Shenzhen,  China),  and  a 3.5  MHz  abdominal  trans-
ucer  was  utilized  for  this  purpose.  US  examinations  were
erformed  following  a  fasting  period  of  a  minimum  of  six
ours,  and  a  resting  period  of  20  minutes,  prior  to  the
xamination.  Initially,  a B-mode  abdominal  US  examina-
ion  was  performed.  This  was  followed  by  three  successive
oppler  examinations  by  each  radiologist,  in  which  quan-
itative  measurements  were  made  and  their  averages  were
btained.  Then,  recordings  were  made,  concerning  the  liver
unction  tests  and  patients’  ages  and  genders.  Liver  biopsy
esults  were  recorded  and  held  in  the  gastroenterology
epartment,  and  they  were  drafted  after  the  decision  to
erminate  the  study.  Hepatic  artery  peak  systolic  veloc-
ty  (HAPSV),  hepatic  artery  end-diastolic  velocity  (HAEDV),
ARI,  and  HAPI  measurements  were  obtained  from  the  sub-
ostal  regions  during  breath  holding  sessions,  with  Doppler
ngles  between  30◦—60◦.  Hepatic  artery  Doppler  measure-
ents  were  performed  at  the  distal  end  of  the  hepatic

rtery,  near  the  bifurcation  site,  and  preferably  from  the
ight  or  left  intrahepatic  branch.  After  obtaining  the  HAPSV
pler  ultrasonography  helps  discriminate  between  cir-
patitis.  Diagnostic  and  Interventional  Imaging  (2015),

nd  HAEDV  values,  the  HARI  and  HAPI  values  were  extracted
utomatically  from  the  manually  drawn  spectral  wave
orms,  according  to  the  following  formulas,  respectively:
APSV-HAEDV/HAPSV,  and  HAPSV-HAEDV/mean  velocity  of

dx.doi.org/10.1016/j.diii.2015.05.014
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Table  1  Demographic  characteristics  of  the  patients.

Chronic  hepatitis
without  cirrhosis
group  (n  =  70)

Cirrhosis
group
(n  =  30)

P value

Male  42  (60%)  19  (63.3%)  >  0,05
Female  28  (40%)  11  (36.7%)  >  0,05
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while  it  was  21.8  ±  5.9  cm/s  in  the  non-cirrhotic  patient
group.  Statistically  significant  differences  were  found
between  the  two  groups  (P  <  0.0001).  The  AUC  value  for

Table  2  Hepatic  vein  flow  patterns  seen  in  the  patients
groups.

Hepatic  vein  trace  phasicity  (n  =  100)

Phasicity  of
hepatic
veins

Cirrhosis
(n =  30)

Chronic  hepatitis
without  cirrhosis
(n  =  70)

P  value*

Triphasic  3  21  0.031
Biphasic  22  49  0.72
Monophasic  5  0  <  0.001
ARTICLEDIII-703; No. of Pages 7

Doppler  parameters  of  hepatic  fibrosis  

HA  [8,9].  Hepatic  artery  flow  measurements  could  not  be
obtained  in  three  patients  whose  hepatic  arteries  were  not
visible  at  the  bifurcation  sites  or  more  distally.

Portal  vein  diameter  and  mean  of  the  MMPV  measure-
ments  were  performed  at  the  crossing  point  with  the  hepatic
artery.  These  portal  vein  samplings,  too,  were  obtained  from
the  subcostal  regions  during  breath  holding  sessions,  again
utilizing  Doppler  angles  ranging  between  30◦ and  60◦.

The  evaluation  of  the  hepatic  vein  was  performed  at  a
site  about  4—5  cm  away  from  the  confluence  of  the  right
hepatic  vein  with  the  inferior  vena  cava  (IVC),  during  a
slight  inspiration,  and  through  the  subcostal  plane.  Because
of  the  risk  of  influence  by  cardiac  pulsatility,  the  middle
and  left  hepatic  veins  were  not  sampled.  The  spectral  wave
forms  were  evaluated  as  triphasic,  biphasic,  or  monopha-
sic;  then,  the  maximum  and  minimum  flow  velocity  values
were  recorded,  with  Doppler  angles  ranging  between  30◦

and  60◦.  Flow  patterns  were  evaluated  as  triphasic  in  the
presence  of  a  retrograde  flow,  biphasic  in  its  absence,  and
monophasic  if  there  was  an  ondulation  of  an  amount  of  under
10%  in  the  velocity  of  the  flow  [3].  The  HVWI  value  was
measured  using  the  following  formula:  maximum  negative
velocity−minimum  negative  velocity  (positive  flow  velocity
in  the  presence  of  triphasic  flow)/maximum  negative  veloc-
ity  [10].

Statistics

The  statistical  analyses  were  performed  by  the  20.0  ver-
sion  of  SPSS  (SPSS  Inc.,  Chicago,  Illinois,  USA).  Descriptive
analyses  were  made  by  using  the  mean  values  and  standard
deviations  for  normally  distributed  variants.  The  one-way
Anova  test  was  used  to  compare  the  normally  distributed
variants.  Post-hoc  comparisons  of  two-member  groups  were
performed  by  the  Tukey  test,  in  case  a  statistically  sig-
nificant  difference  was  found  between  the  groups.  The
Kruskal-Wallis  test  was  administered  for  the  comparison  of
the  variants,  which  did  not  demonstrate  a  normal  distribu-
tion.  If  a  statistically  significant  result  was  obtained,  then
two-member  comparisons  were  performed  using  the  Mann-
Whitney  U-test.  The  results  were  evaluated  following  the
Bonferroni  correction.  The  probability  of  the  presence  of
a  difference  in  the  phase  between  the  non-cirrhotic  and
cirrhotic  groups  was  investigated  by  using  the  chi  square
test,  and  the  measurements  were  made  as  odds  ratio  values.
The  diagnostic  decisiveness  properties  of  the  HARI,  HAPI,
MMPV,  and  HVWI  values  in  the  pre-determination  of  liver
cirrhosis  were  evaluated  by  the  receiver  operating  char-
acteristics  (ROC)  curve  analysis.  The  sensitivity,  specificity,
and  the  positive  and  negative  predictive  values  were  mea-
sured,  in  case  of  the  presence  of  significant  border  values.
In  all  tests,  a  P  value  less  than  0.05  was  accepted  as  statisti-
cally  significant.  The  weighted  kappa  statistic  was  employed
to  evaluate  inter-observer  variability.

Results
Please  cite  this  article  in  press  as:  Soker  G,  et  al.  Dop
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Seventy  patients  were  included  in  the  non-cirrhotic  group,
of  whom  42  (60%)  were  males  and  28  (40%)  were  females.
The  mean  age  of  the  patients  was  51.4  ±  13.44  years.  Fifty-
eight  patients  (82.9%)  had  hepatitis  B,  and  12  patients
Age  51.4  ±  13.4  52.6  ±  9.4  >  0,05

17.1%)  had  hepatitis  C.  The  cirrhosis  group  consisted  of  30
atients.  Nineteen  (63.3%)  of  these  were  males,  whereas
1  (36.7%)  were  females.  The  mean  age  in  this  group  was
2.6  ±  9.4  years.  Sixteen  (53.3%)  patients  had  chronic  hep-
titis  B,  and  14  (46.7%)  had  hepatitis  C.  Demographic
haracteristics  of  the  patients  are  shown  at  Table  1. Accord-
ng  to  Ishak  scoring,  12,  30,  20,  8,  5,  and  25  patients  had
core  1,  score  2,  score  3,  score  4,  score  5,  and  score  6,
espectively.  The  mean  interval  between  liver  biopsy  and  US
xam  was  three  months.

The  flow  patterns  detected  in  the  patient  groups  are
hown  at  Table  2. When  the  flow  patterns  of  the  cirrhotic
nd  non-cirrhotic  groups  were  compared,  and  the  monopha-
ic  and  triphasic  flow  patterns  were  significantly  different
etween  the  two  groups  (P  =  0.031  and  P  <  0.001,  respec-
ively).  There  was  no  statistically  difference  in  terms  of
iphasic  flow  patterns  between  the  two  groups  (P  =  0.72).

HVWI  values  were  0.45  ±  0.40  in  the  cirrhosis  group,  while
t  was  0.87  ±  0.38  in  the  non-cirrhotic  group.  Statistically
ignificant  differences  were  found  between  the  cirrhosis
nd  non-cirrhotic  patients  groups  in  terms  of  HVWI  values
P  <  0.0001).  The  receiver  operating  characteristics  (ROC)
urve  analysis  was  administered  in  order  to  determine  a
utoff  value  between  the  non-cirrhotic  patients  and  cir-
hosis  patient  groups.  The  area  under  curve  (AUC)  value
or  HVWI  was  0.827  (P  <  0.0001;  95%  confidence  interval:
.718—0.936).  With  an  HVWI  cutoff  value  of  0.605  for  the
iagnosis  of  cirrhosis,  the  following  statistical  values  were
btained:  sensitivity  80%,  specificity  77.1%,  positive  predic-
ive  value  (PPV)  60%,  and  negative  predictive  value  (NPV)
0%  (Fig.  1).

The  MMPV  was  15.9  ±  6.1  cm/s  in  the  cirrhotic  group,
pler  ultrasonography  helps  discriminate  between  cir-
patitis.  Diagnostic  and  Interventional  Imaging  (2015),

* Z test was calculated for comparing two proportions with
cirrhosis and non-cirrhosis groups.
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on  the  stage  of  fibrosis  [3]. This  necessitates  liver  biopsy,
igure 1. Box plot showing the distribution of HVWI values of the
wo groups (hepatic vein waveform index [HVWI]).

MPV  was  0.813  (P  <  0.0001;  95%  CI:  0.705—0.921).  The  cut-
ff  value  for  MMPV  was  18.25  cm/s,  with  80%  sensitivity,
8.6%  specificity,  52.2%  PPV,  and  88.9%  NPV  (Fig.  2).

A  statistically  significant  difference  was  detected  in
he  HARI  values,  between  the  cirrhotic  and  non-cirrhotic
roups  (P  <  0.0001).  In  regard  to  the  HAPI  values,  a  statisti-
ally  significant  difference  was  noted  between  the  cirrhotic
nd  non-cirrhotic  groups  (P  <  0.0001).  The  HARI  value  was
.75  ±  0.06,  and  the  HAPI  value  was  1.56  ±  0.34  in  the  cirrho-
is  group.  The  same  values  were  0.66  ±  0.70  and  1.20  ±  0.32
or  the  non-cirrhotic  group.  The  AUC  value  for  HARI  was
.834  (P  <  0.0001;  95%  CI:  0.746—0.923).  When  the  cutoff
alue  was  determined  as  0.705  for  HARI,  the  sensitivity  was
2.5%,  specificity  was  72.1%,  PPV  was  55.8%,  and  the  NPV
Please  cite  this  article  in  press  as:  Soker  G,  et  al.  Dop
rhotic  and  non-cirrhotic  patients  with  viral  B  and  C  he
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as  90.7%.  The  AUC  value  for  HAPI  was  0.813  (P  <  0.0001;
5%  CI:  0.705—0.896)  (Figs.  3  and  4).  On  the  other  hand,  a
ensitivity  of  82.5%,  a  specificity  of  72.1%,  a  PPV  of  55.8%,

igure 2. Box plot showing the distribution of MMPV values of the
wo groups (mean of the max portal velocity [MMPV]).
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igure 3. The box plots to illustrate the distribution of HARI val-
es of the two groups (hepatic artery resistivity index [HARI]).

nd  an  NPV  of  90.7%  were  found  when  the  cutoff  value  for
API  was  set  at  1.295  (Fig.  5).

Doppler  values  of  cirrhotic  and  non-cirrhotic  groups  are
ummarized  in  Table  3.

No  significant  inter-observer  variation  occurred  in  mea-
uring  these  indices  (Kappa  value  =  0.91).  The  Kappa  value
as  calculated  0.93,  0.90,  0.94,  and  0.85  for  HARI,  HAPI,
MPV,  and  HVWI,  respectively.

iscussion

he  prognosis  of  chronic  liver  disease  is  primarily  dependent
pler  ultrasonography  helps  discriminate  between  cir-
patitis.  Diagnostic  and  Interventional  Imaging  (2015),

hich  is  an  invasive  procedure  that  bears  in  itself  the  risk
f  various  complications.  A  non-invasive  method  to  aid  in

igure 4. The ROC diagram for the HVWI and MMPV values in the
hronic hepatitis and cirrhosis groups (hepatic vein waveform index
HVWI], mean of the max portal velocity [MMPV]).

dx.doi.org/10.1016/j.diii.2015.05.014
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Figure 5. Box plots representing HAPI values of the two groups
(hepatic artery pulsatility index [HAPI]).

determining  which  patients  must  undergo  biopsy  would  be
useful.

During  the  process  in  which  the  chronic  liver  disease  pro-
gresses  to  cirrhosis,  some  alterations  in  the  hemodynamic
circulation  of  the  liver  occur.  Inflammatory  cytokines  and
anatomic  repair  affect  hepatic  circulation  by  dilatation  or
constriction  [4,11].  It  has  also  been  stated  that  increased
fibrous  tissue  in  the  liver  and  hepatic  sinusoidal  endothe-
lial  proliferation  can  change  liver  hemodynamics  by  causing
increased  vascular  resistance  [12].

Hepatic  arterial  and  portal  vein  Doppler  indices  are
affected  by  many  factors  including  some  physiological  fac-
tors.  Steatosis  and  peripheral  collateral  shunts  cause  an
increased  RI  value,  whereas  advanced  patient  age  leads  to
a  reduction  in  the  post-prandial  term  HARI  value  [13].  Por-
tal  flow  may  be  affected  by  many  factors  such  as  patient
positioning,  meal  times,  exercise,  and  cardiac  output  [11].
As  hepatic  veins  can  be  affected  by  cardiac  pathologies
and  respiratory  phase,  hepatosteatosis  may  also  deteriorate
hepatic  venous  flow  by  affecting  compliance  [14].

Various  studies  have  shown  that  an  increase  in  the
hepatic  artery  PI  and  RI  values  occur  in  chronic  liver  dis-
ease  patients  [4,15—19].  Our  study  showed  compatibility
Please  cite  this  article  in  press  as:  Soker  G,  et  al.  Dop
rhotic  and  non-cirrhotic  patients  with  viral  B  and  C  he
http://dx.doi.org/10.1016/j.diii.2015.05.014

with  these  results,  the  HARI  and  HAPI  values  showed  statis-
tically  significant  differences  between  the  non-cirrhotic  and
cirrhotic  patients.  HARI  and  HAPI  scores  over  the  calculated

Table  3  Doppler  values  of  cirrhotic  and  non-cirrhotic
groups.

Chronic  hepatitis
without  cirrhosis
group  (n  =  70)

Cirrhosis
group
(n  =  30)

P value

HVRI  0.87  ±  0.38  0.45  ±  0.40  <  0.05
MMPV
(cm/s)

21.8  ±  5.9  15.9  ±  6.1  <  0.05

HARI  0.66  ±  0.70  0.75  ±  0.06  <  0.05
HAPI  1.20  ±  0.32  1.56  ±  0.34  <  0.05
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utoff  values  (0.705  for  HARI  and  1.295  for  HAPI)  in  chronic
epatitis  patients  may  indicate  stage  5  or  6  fibrosis  and  thus
ecessitate  a  biopsy.

The  flow  pattern  in  the  hepatic  veins  is  usually  pulsatile
nd  triphasic,  due  to  right-side  cardiac  activity  during  the
ardiac  cycle,  and  the  intrathoracic  and  intra-abdominal
ressure  [20,21].  The  hepatic  parenchyma  becomes  less
ompliant  in  pathologic  conditions  that  directly  affect  it,
nd  this,  in  turn,  impairs  the  normally  triphasic  flow  pattern
20]. A  relationship  between  hepatic  vein  flow  patterns  and
iver  fibrosis  has  been  reported  in  previous  studies  [22,23].

In  the  current  study,  the  monophasic  and  triphasic  flow
atterns  are  significantly  different  between  cirrhotic  and
on-cirrhotic  groups.  In  accordance  with  previous  studies,
n  impairment  of  the  hepatic  vein  waveform  was  detected
n  patients  with  diffuse  parenchymal  disorders  that  impaired
he  compliance  of  the  liver  tissue.  As  a  novelty  of  this
tudy,  which  differentiates  it  from  other  studies  conducted,
he  flow  patterns  in  the  hepatic  veins  of  all  the  patients
ere  quantitatively  assessed  by  HVWI  measurements.  The
VWI  values  demonstrated  statistically  significant  differ-
nces  between  the  non-cirrhotic  and  cirrhotic  groups.  The
alue  that  showed  the  highest  sensitivity  and  specificity  val-
es  was  stated  as  the  cutoff-  value.  When  the  cutoff  value
as  set  at  0.605  for  HVWI,  a  sensitivity  of  80%  and  a  speci-
city  of  77.1%  were  found.

The  study  of  Koda  et  al.  reported  that  MMPV  is  more  sen-
itive  than  portal  vein  flow  volume  in  determining  grade
f  hepatic  fibrosis  [24]. On  the  other  hand,  another  study
onducted  on  47  patients  with  chronic  viral  hepatitis  by
iscaglia  et  al.  revealed  that  no  significant  correlation  was
ound  between  MMPV  and  the  grade  of  hepatic  fibrosis
16]. In  our  study,  which  was  compatible  with  the  study  of
oda  et  al.,  statistically  significantly  differences  were  found
etween  the  MMPV  values  of  both  groups.  However,  it  must
e  noted  that  the  MMPV  may  show  differences  due  to  the
lterations  of  portosystemic  collaterals,  in  the  presence  of
imilar  portal  pressures.

In  recent  years,  other  techniques  such  as  elastography
nd  MR  elastography  have  been  used  to  estimate  liver  fibro-
is.  Elastography  measures  the  grade  of  liver  fibrosis  by
arious  techniques.  Ultrasound  elastography  is  used  in  the
iagnosis  of  cirrhosis  due  to  various  etiologies.  One  study
eported  that  ultrasound  elastography  has  83%  sensitivity
nd  89%  specificity  in  the  diagnosis  of  cirrhosis  due  to  hep-
titis  B,  hepatitis  C,  and  other  factors  [25].  In  hepatic  C
nfections,  6.8—7.6  kPa  and  11—13.6  kPa  threshold  values
re  recommended  for  stage  2  and  stage  4  fibrosis,  respec-
ively.  The  threshold  values  for  hepatitis  B  infections  are

 and  11  kPa,  respectively.  MR  elastography  also  measures
iver  fibrosis  as  US  elastography.  In  the  literature,  various
hreshold  values  for  liver  fibrosis  are  recommended  [26—29].
iver  fibrosis  and  cirrhosis  changes  the  micro-architecture
nd  consequently  leads  to  increased  vascular  resistance  and
educed  portal  blood  flow.  Based  on  these  changes,  a  limited
umber  of  MRI  perfusion  studies  have  been  conducted  to
valuate  liver  fibrosis  [30].

Our  study  has  some  limitations.  Measurements  were
pler  ultrasonography  helps  discriminate  between  cir-
patitis.  Diagnostic  and  Interventional  Imaging  (2015),

btained  during  breath  holding.  Breath  holding  could  be
 limitation  for  portal  flow,  because  if  the  breath  is  held
fter  a deep  inspiration,  this  can  decrease  the  portal  flow.
n  this  study,  viral  activity  was  not  evaluated.  Varying  viral

dx.doi.org/10.1016/j.diii.2015.05.014
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ctivity  may  change  the  hemodynamics  in  the  patients  with
he  same  fibrotic  score.  However,  it  has  not  been  designed
n  our  study,  hemodynamic  changes  due  to  alcohol  and  hep-
tosteatosis  can  be  compared  to  hemodynamic  changes  due
o  viral  hepatitis.

The  previous  studies  on  the  Doppler  indices  of  hepatic
nd  portal  veins  in  parenchymal  liver  diseases  demonstrated
ide  inter-observer  variability.  The  study  of  Sacerdoti  et  al.

evealed  that  Doppler  indices  of  hepatic,  splenic,  and  renal
rteries  demonstrate  a  statistically  significantly  difference
n  inter-observer  variability  [9].  In  another  study,  Fisher
t  al.  reported  minimal  inter-observer  variability  in  Doppler
ndices  of  portal  and  hepatic  arteries  [31].  We  encountered

 lower  inter-observer  variability  in  our  study.  We  concluded
hat  this  fact  is  associated  with  strict  compliance  to  the
esigned  method,  as  well  as  the  experience  of  the  specialist
adiologists  in  our  study.

onclusion

t  is  not  possible  to  diagnose  cirrhosis  with  only  hemody-
amic  changes,  and  the  dispersion  of  the  Doppler  values
ake  this  tool  difficult  to  use  in  clinical  practice.  However,

emodynamic  modifications  are  a  part  of  the  ultrasound
igns  that  are  part  of  the  diagnosis  of  cirrhosis.  Hepatic  vas-
ulature  must  be  evaluated  by  Doppler  US,  in  addition  to  the
valuation  of  the  hepatic  parenchyma  by  B-mode  US,  dur-
ng  the  routine  examinations  of  chronic  hepatitis  patients.
hose  patients  who  show  an  increase  in  HARI  and  HAPI,  and

 decrease  in  the  MMPV  and  HVWI  values,  together  with
atients  who  demonstrate  impairment  of  their  hepatic  vein
ow  patterns,  must  undergo  liver  biopsy  in  order  to  be  eval-
ated  in  terms  of  stage  5  or  6  hepatic  fibrosis.  The  cutoff
alues  may  be  of  serious  help  in  the  selection  of  patients  to
ndergo  the  liver  biopsy.
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