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 INTRODUCTION 
 Gastric varices (GV) can be detected at fi rst endoscopy in 20 %  

of patients with all types of portal hypertension, and an addi-

tional 10 %  of patients develop GV within the fi rst 2 years of 

eradication of esophageal varices (EV)  (1) . Patients with GV 

hemorrhage bleed more profusely, require more transfusions, 

and have a higher risk of rebleeding and mortality than those 

who bleed from EV  (1) . 

 Diff erent lines of treatment are available for GV, including 

endoscopic injection sclerotherapy, shunt surgery, and trans-

jugular intrahepatic portosystemic shunt. GV with spontaneous 

gastrorenal shunt (GRS) are usually diffi  cult to treat by endo-

scopic injection sclerotherapy because the endoscopic approach 

is diffi  cult, fast intravariceal blood fl ow to permit injection of 

suffi  cient sclerosant  (2,3) , and it could cause embolism of other 

organs  (4) . Th e mortality rate aft er elective surgery for GV is 
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42 – 56 %  and is higher for emergency procedures  (5,6) . More-

over, the role of shunt surgery in patients with already existing 

spontaneous GRS is not known  (7) . Th e reported rate of effi  -

cacy of transjugular intrahepatic portosystemic shunt for GV is 

50 – 63 %   (8 – 10) . Th e high rate of shunt dysfunction, leading to 

recurrence of portal hypertension  (11) , and new-onset enceph-

alopathy  (12,13) , is the main limitations of this procedure. 

 A number of interventional radiological techniques have 

been developed in Japan for the treatment of GV  (7) . Bal-

loon-occluded retrograde transvenous obliteration (B-RTO) 

has been widely performed for GV with GRS  (14 – 17) , as the 

safety and eff ectiveness of B-RTO were reported by Kanagawa 

 et al .  (18,19) . Both short-term and long-term clinical effi  cacy of 

B-RTO have been reported  (14,19 – 22) , and it is believed that 

B-RTO provides lower recurrence and bleeding rates than those 

of any other treatment, and could become a standard treatment 

for GV  (22) . Aggravation of EV is the most important com-

plication of B-RTO  (15) . Several studies have shown that the 

rate of worsening of EV is 10 – 63 %   (14,15,23) . However, the 

predictive factors of worsening of EV have not been evaluated 

in detail. 

 Endoscopic ultrasonography has recently emerged as a less 

invasive and easily repeatable alternative means of delineation 

of collaterals around the upper stomach and lower esophagus 

 (24,25) , and the usefulness of endoscopic color Doppler ultra-

sonography (ECDUS) in patients with esophagogastric varices 

has been reported  (26) . Several hemodynamic parameters of 

GV can be assessed by ECDUS. Recently, Sato  et al . reported 

that ECDUS is a useful modality for diagnosis of the hemo-

dynamics of GV and may allow the prediction of a high risk 

for hemorrhage  (27) . However, we found no reports in litera-

ture about the usefulness of ECDUS in assessment the factors 

that would be associated with worsening of EV aft er B-RTO. 

We speculated high velocity and high resistance index of GV 

measured by ECDUS could be risk factors for worsening of EV 

aft er B-RTO. Th is study was designed to determine the role of 

ECDUS in detection of possible risk factors for worsening of 

EV aft er B-RTO.   

 METHODS  
 Patients 
 Th e patient population included 39 cirrhotic patients with GV 

treated with B-RTO at Osaka City University Hospital. Th e 

patients included 23 men and 16 women, with a mean age of 

63.5 years (range: 33 – 77 years). Th e causes of liver cirrhosis 

were hepatitis B ( n     =    4), hepatitis C ( n     =    23), chronic alcohol 

ingestion ( n     =    6), and others ( n     =    6). According to Child-Pugh 

classifi cation, 27 patients were in class A, 12 patients in class B, 

and no patients in class C. Concomitant hepatocellular carci-

noma measuring less than 5   cm in diameter was present in 12 

patients. Of the 39 patients, 23 patients had EV and 4 patients 

had history of GV bleeding. 

 All patients met the following criteria: (1) high-risk GV 

including GV with a diameter greater than 5   mm measured by 

ECDUS and / or red spots  (28) , and / or a history of GV bleed-

ing; (2) performance of ECDUS before B-RTO; (3) no portal 

thrombosis on contrast-enhanced CT; (4) complete oblitera-

tion of GV aft er B-RTO assessed by CE-CT and / or ECDUS 

performed 2 weeks aft er B-RTO; and (5) at least 3 months of 

follow-up aft er B-RTO. 

 All patients were hemodynamic stable, and none had severe 

ascites, hepatic coma, or active variceal bleeding. Written 

informed consent was obtained from each patient, and the 

study was approved by the Ethics Committee of our university.   

 Endoscopic fi ndings 
 Endoscopic fi ndings of GV and EV were classifi ed accord-

ing to the criteria proposed by the Japanese Society for Por-

tal Hypertension  (29) . Th e form (F) of GV was classifi ed as: 

straight small-calibered varices (F1), moderately enlarged, 

beady varices (F2), or markedly enlarged, nodular, or tumor-

shaped varices (F3). According to location, GV were classifi ed 

as: adjacent to the cardiac orifi ce (Lg-c), distant from the car-

diac orifi ce (Lg-f), or extending from the cardiac orifi ce to the 

fornix (Lg-cf). Th e form of GV was F2 in 26 patients and F3 in 

13 patients. Th e location of GV was Lg-f in 18 patients, Lg-cf in 

16 patients, and Lg-c in the remaining 5 patients.   

 ECDUS procedure 
 Endoscopic color Doppler ultrasonography was performed 

with a 120-degree convex scanning echo-endoscope (FG 34UX, 

Pentax, Tokyo, Japan) and EUB 655 display unit (Hitachi, Med-

ical Corp., Tokyo, Japan). A frequency of 7.5   MHz was used to 

obtain optimal axial resolution and penetration depth. 

 Patients were placed in the left  lateral position, and the echo-

endoscope was inserted into the esophagus and passed to the 

stomach. Aft er suctioning of air from the stomach, a small 

volume (100 – 150   ml) of deaerated water was instilled into the 

stomach by an automatic water supply source. ECDUS was 

performed without a balloon attached to the tip of the echo-

endoscope. ECDUS provides a color display of blood fl ow and 

evaluates the fl ow pattern using fast Fourier transform (FFT) 

analysis. Fast Fourier transform analysis can indicate the fl ow 

pattern and calculate the velocity of blood fl ow. We monitored 

color fl ow images of GV using color Doppler, with color gain 

adjusted to eliminate background noise and GV diameter 

measured along the short axis of the varices. GV hemodynam-

ics were assessed by the pulsed Doppler method, by positioning 

a sample volume of 1 – 2   mm in the center of the varices and 

the insonation angle was adjusted to less than 60 ° . Th e patients 

were asked to stop breathing at the end of inspiration for few 

seconds to measure the hemodynamic parameters by EDCUS. 

Th e peak systolic velocity, end-diastolic velocity, mean veloc-

ity, and resistance index were automatically calculated over one 

cardiac cycle. 

 Following determination of GV diameter and mean velocity, 

the GV congestion index, ratio of cross-sectional area to blood 

fl ow velocity, was calculated by the equation CI:    =    (area / mean 

velocity)  ×  100  (30) . In addition, GV blood fl ow rate (cm 2  / s) was 
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calculated by the equation; fl ow rate    =     “  A   ×   V  ” , where  A  is the 

cross-sectional area of the vessel (cm 2 ) and  V  is the mean veloc-

ity of the vessel (cm / s)  (31,32) . A typical case of GV included in 

the present study is shown in  Figure 1 .   

 Measurement of portal vein diameter 
 Portal vein diameter was measured in mm by CT. Th e diameter 

was estimated at a point midway between the main bifurcation 

of portal vein into the right and left  main hepatic branches and 

portal vein confl uence.   

 B-RTO procedure 
 Balloon-occluded retrograde transvenous obliteration is tech-

nically feasible only in patients with a known GRS, which 

account for almost 85 %  of all patients with GV  (7) . B-RTO was 

performed as described by Kanagawa  et al .  (2) . First, a balloon 

catheter was inserted into the left  renal vein via the femoral 

vein. Th e catheter was then advanced into the draining vein 

of the GV and the balloon was infl ated to occlude and con-

trol blood fl ow. At this point, retrograde venography was per-

formed to identify the infl ow and outfl ow vessels of the GV. A 

5 %  ethanolamine oleate mixed with iopamidol was then slowly 

injected through the catheter until both the GV and infl owing 

vessels were fi lled with the solution. Aft er 24-h balloon occlu-

sion, the catheter was removed. To prevent renal dysfunction 

related to hemolysis as a systemic eff ect of ethanolamine oleate 

mixed with iopamidol, 2000 – 4000   U of heated human hap-

toglobin was administered to all patients before B-RTO  (33) .   

 Defi nition of worsening and follow-up period 
 Gastrointestinal endoscopy was routinely performed every 

3 – 6 months aft er B-RTO. In patients with bleeding episodes 

aft er B-RTO, gastrointestinal endoscopy was immediately 

performed to identify the site of bleeding. When endoscopy 

detected red spots on EV and / or bleeding of EV, the EVs were 

judged to have worsened, and endoscopic injection sclero-

therapy was performed as soon as possible. Appearance of 

new EV or aggravation of variceal grade aft er B-RTO was also 

defi ned as worsening. Th e cases in which patients showed fea-

ture of worsening of EV aft er B-RTO were defi ned as censored. 

Th e time to worsening of EV was calculated from the time of 

B-RTO to the date of endoscopic examination that revealed 

worsening. If worsening of EV was not found on endoscopic 

examination, the follow-up period was considered the length 

of time from B-RTO to the date of the most recent endoscopic 

examination. Two endoscopists, with more than 5-year experi-

ence, were involved in revision of the endoscopic images and 

grading of varices.   

 Statistical analysis 
 Th e Statistical Package for Social Sciences Version 11.5 for 

Windows (SPSS 11.5 version) soft ware was used for statistical 

analysis. Parameters are shown as means ± s.d. Continuous data 

were analyzed by unpaired  t -test. Paired samples  t -test was 

used to compare model for end-stage liver disease (MELD) 

score before and aft er B-RTO. Factors seemed to have signifi -

cant impact on worsening of EV aft er B-RTO were entered 

into Cox ’ s proportional hazards model to test for signifi cance. 

Linear trends in risk associated with resistance index were 

evaluated by entering ordered categorical variables using the 

  Figure 1 .       A typical case of gastric varices (GV) included in the present 
study. ( a ) Endo scopic appearance of GV; Lg-cf, F3, Cw, RC (    −    ). ( b ) Hemo-
dynamic parameters of gastric varices assessed by ECDUS before B-RTO. 
 V  p , peak systolic velocity;  V  D , end diastolic velocity;  V  m , mean velocity;  R  I , 
resistance index. ( c ) ECDUS revealed no fl ow, suggesting complete obliter-
ation of GV after B-RTO. B-RTO, balloon-occluded retrograde transvenous 
obliteration; ECDUS, endoscopic color Doppler ultrasonography.  
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median value for each category. Th e cumulative survival free of 

worsening of EV aft er B-RTO was estimated.  P  values less than 

0.05 were considered signifi cant.    

 RESULTS  
 Worsening of EV after B-RTO 
 Among 39 patients with GV successfully treated with B-RTO, 

worsening of EV aft er B-RTO was found in 24 patients (61.5 % ) 

during the follow-up period, at a median of 296 days (mean 

403  ±  361 (s.d.) days; range: 5 – 1,472 days). No patient devel-

oped hepatic encephalopathy within period 6 weeks aft er 

B-RTO. Th e median period of follow-up in the group with 

worsening of EV aft er B-RTO was 221 days (mean 377  ±  403 

(s.d.) days; range: 5 – 1,472 days), although the median period 

of follow-up in the group without it was 407 days (mean 

445  ±  290 (s.d.) days; range: 136 – 1,031 days). No signifi cant 

diff erence was found in the period of follow-up between 

group with worsening of EV aft er B-RTO and group without 

it ( P     =    0.575). Of the 24 patients, 7 patients (29.2 % ) showed 

development of new EV, 2 patients (8.3 % ) showed aggravation 

of variceal grade, and 15 patients (62.5 % ) had bleeding and / or 

red color sign.   

 Clinical parameters and worsening of EV after B-RTO 
 Th e clinical parameters and cumulative survival free of wors-

ening of EV aft er B-RTO at 500 days were shown in  Table 1 . 

Given EV before B-RTO, survival free of worsening was bet-

ter in patients with absence of EV than in patients with pres-

ence of EV ( Figure 2a ) and survival free of worsening at 500 

days were 65.8 %  and 37.9 % , respectively. Given Child ’ s class, 

survival free of worsening was better in class A than class B 

( Figure 2b ) with 62.9 %  free of worsening at 500 days in class 

A and 33.3 %  in class B. MELD score before and within 4 weeks 

aft er B-RTO in the group with worsening was 10.08  ±  2.6 and 

9.27  ±  2.1, respectively, and in the group without it 10.13  ±  3.4 

and 9.46  ±  4.0, respectively. No signifi cant diff erence was found 

in MELD score between the two groups either before or aft er 

B-RTO and MELD score in each group showed no signifi cant 

diff erence before and aft er B-RTO.   

 Determination of GV hemodynamics by ECDUS 
 Given resistance index of GV, survival free of worsening of EV 

aft er B-RTO was better in patients with lower resistance index 

(tertile 1, 0.10 – 0.15) than in patients with higher resistance 

index (tertile 3, 0.24 – 0.41;  Figure 2c ) with 72.5 %  free of wors-

ening at 500 days in tertile 1 and 29.1 %  in tertile 3. Cumulative 

survival free of worsening of EV aft er B-RTO regarding hemo-

dynamic parameters at 500 days was shown in  Table 2 .   

 Evaluation of risk factors for worsening of EV after B-RTO 
 To identify potential risk factors for worsening of EV aft er B-

RTO, we used Cox ’ s proportional hazard regression model. 

First, we screened the possible clinical, endoscopic, and hemo-

dynamic variables by univariate analysis and examined whether 

or not each individual variable was a risk factor at  P     <    0.05. Th e 

presence of EV before B-RTO and lower degree of liver dys-

function (Child-Pugh class B) were signifi cant risk factors for 

worsening of EV aft er B-RTO by univariate analysis (HR 2.93, 

95 %  CI: 1.41 – 7.49 and HR 2.5, 95 %  CI: 1.09 – 5.72, respec-

tively;  Table 3 ). Other variables including age, gender, previous 

bleeding of GV, concomitant hepatocellular carcinoma, form, 

and location of GV were not signifi cant factors by univariate 

analysis. Among hemodynamic parameters of GV assessed by 

ECDUS, higher resistance index ( ≥  0.24) was a signifi cant risk 

factor for worsening of EV aft er B-RTO in univariate analy-

sis (HR 3.71, 95 %  CI: 1.11 – 12.38). Peak systolic, end diastolic, 

and mean velocities were not signifi cant risk factors for wors-

ening of EV aft er B-RTO in univariate analysis (HR 1.038, 95 %  

CI 0.967 – 1.114; HR 1.003, 95 %  CI 0.903 – 1.114; HR 1.04, 95 %  

CI: 0.925 – 1.136, respectively, and HR is reported per 1   cm / s 

change). Portal vein diameter and GV diameter, fl ow rate, 

congestion index were not signifi cant risk factors for worsen-

ing of EV (HR 0.729, 95 %  CI: 0.393 – 1.352; HR 0.954, 95 %  CI: 

0.791 – 1.152; HR 0.998, 95 %  CI: 0.930 – 1.071; HR 0.885, 95 %  

CI: 0.691 – 1.33, respectively. HR is reported per 1   mm change 

in diameters and per cm 2  / s for fl ow rate). 

 Subsequently, the signifi cant variables detected by univari-

ate analysis including presence of EV, lower degree of liver 

dysfunction (Child-Pugh class B), and higher resistance index 

were examined by multivariate analysis to detect the independ-

ent signifi cant factors. Cox ’ s proportional hazard model using 

multivariate analysis showed that presence of EV, lower degree 

of liver dysfunction (Child-Pugh class B), and higher resistance 

index were independent signifi cant risk factors for worsening 

of EV aft er B-RTO (HR 5.81, 95 %  CI: 1.71 – 19.77 and HR 2.92, 

95 %  CI: 1.21 – 7 and HR 4.06, 95 %  CI: 1.14 – 14.38, respectively, 

with  P  for trend    =    0.028;  Table 3 ). 

  Table 1 .    Cumulative survival free of worsening of EV at 500 
days regarding clinical parameters 

    Parameters     a       Value/category    % of patients  

   Age      <    60/ ≥ 60  77.8/40.3 

   Gender  Male/female  40.9/62.9 

   MELD score  †        <    10/ ≥ 10  61.5/38.4 

   Child-Pugh class  Child A/Child B  62.9/33.3 

   Hepatocellular carcinoma  Present/absent  50/55.56 

   Esophageal varices  Present/absent  37.9/65.8 

   Bleeding of gastric varices  Positive/negative  25/53.6 

   Form of gastric varices  F2/F3  48.1/51.3 

   Location of gastric varices  Lg-c/Lg-cf/Lg-f  40/45.6/56.1 

     MELD, model for end-stage liver disease; Lg-cf, extending from the cardiac 
orifi ce to the fornix; Lg-f, distant from the cardiac orifi ce.   
     MELD score  †   divided into two groups according to the median value. Analysis 
was performed using Kaplan – Meier method.   
   a    All parameters were factors or events assessed before B-RTO.   
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ing, group without, patients with Child A, and Child B were 

68, 69, 109, and 28, respectively, suggesting that number of 

endoscopies in patients with more advanced liver disease did 

not aff ect the present data. 

 Several studies have shown that the rate of worsening of EV is 

10 – 63 %   (14,15,23) . Th is wide range could be because of varia-

tion in patient population, causes and severity of liver cirrhosis, 

or duration of follow-up. It could also be because of diff erences 

in the defi nition of worsening. In one report, EV were judged 

to have worsened when red spots on EV and / or bleeding of EV 

was detected  (22) , although in another report EV were con-

sidered worsened when varices became enlarged, tortuous, or 

large and coil-shaped, or when a red spot was observed  (23) . 

Our relatively high rate of worsening of EV aft er B-RTO might 

have been because of the defi nition of worsening of EV we used, 

which included red spots on EV, bleeding of EV, appearance of 

new EV, and aggravation of variceal grade. 

 Th e mechanisms of worsening of EV aft er B-RTO are 

unknown and several factors correlate with occurrence and 

 Th e cumulative probability of patients free from the wors-

ening of EV aft er B-RTO in relation to the presence of EV, 

Child-Pugh classifi cation, and resistance index are shown in 

 Figure 2 .    

 DISCUSSION 
 Worsening of EV is common aft er B-RTO, and detection of 

risk factors and possible mechanisms of worsening is required 

to improve the management of GV. In the present study, the 

rate of worsening of EV was 61.5 % , and the presence of EV 

before B-RTO, lower degree of liver dysfunction, and higher 

resistance index measured by ECDUS were signifi cantly asso-

ciated with worsening of EV aft er B-RTO. Th e reader could 

suggest that the number of endoscopies would be higher in 

patients with more advanced liver disease or in patients with 

worsening of EV and thus EV were more likely to be found and 

classifi ed as worsened, However, the numbers of performed 

endoscopies during follow-up period in group with worsen-
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recurrence of EV in patients with portal hypertension  (34,35) . 

Th e left  gastric vein, which drains both the anterior and 

posterior surfaces of the stomach, is the major feeding 

vein for EV in portal hypertension, whereas the short gastric 

vein, which drains the gastric fundus, less frequently feeds 

EV. As B-RTO leads to obliteration of GRS, a sequence of 

hemodynamic changes that increase the pressure and blood 

fl ow velocity in the left  gastric vein and / or short gastric vein 

may contribute to worsening of EV aft er B-RTO. Th is is sup-

ported by the fi nding that the presence of EV is signifi cantly 

associated with worsening of EV aft er B-RTO. In addition, 

increase in portal blood fl ow and portal pressure aft er B-RTO 

might subsequently be decompressed by the development of 

alternate collaterals. 

 In the present study, lower degree of liver dysfunction (Child 

B) was independent risk factor for worsening of EV aft er 

B-RTO. Portal pressure has been shown to be closely correlated 

with the severity of liver cirrhosis, as assessed by liver biopsy 

 (36,37)  or Child-Pugh classifi cation  (38) , and the portal pres-

sure gradient is expected to increase aft er B-RTO  (16) . Th e 

expected increase in portal pressure gradient aft er B-RTO in 

the group with worsening would be greater than that in the 

group without it, and may contribute to the development of 

new collaterals and worsening of EV. 

 Hemodynamic evaluation of portal hypertension reveals that 

hepatofugal fl ow in the collateral veins and hyperdynamic state 

at the lower esophagus and cardiac area are involved in the 

formation of EV. Hepatofugal blood fl ow velocity of the left  

gastric vein is signifi cantly correlated with the size of EV  (39)  

and high fl ow velocity in the left  gastric vein was strongly 

associated with variceal bleeding  (40) . In addition, patients with 

a dominant anterior branching pattern of the left  gastric vein 

   Table 3 .    Univariate and multivariate analysis of predictive 
factors affecting worsening of esophageal varices after B-RTO 
in all patients 

    Parameters     a       Cases    Crude HR 
(95% CI)  

  Multiple-adjusted 
HR (95% CI)  

   Age  b    39  1.00 (0.956 – 1.058)   

    Gender        

      Female  16  1   

      Male  23  2.6 (0.922 – 7.333)   

    Child-Pugh class        

      Child A  27  1  1 

      Child B  12  2.5 (1.09 – 5.72)  2.92 (1.21 – 7.00) 

    Bleeding of GV        

      Negative  35  1   

      Positive  4  1.30 (0.374 – 4.529)   

    HCC        

      Negative  27  1   

      Positive  12  1.30 (0.487 – 3.486)   

    Esophageal varices        

      Absent  16  1  1 

      Present  23  2.93 (1.14 – 7.49)  5.81 (1.71 – 19.77) 

    Form of GV        

      F2  26  1   

      F3  13  0.83 (0.313 – 2.232)   

    Location of GV        

      Lg-c  5  1   

      Lg-f  18  0.97 (0.257 – 3.680)   

      Lg-cf  16  0.57 (0.150 – 2.241)   

    Resistance index        

      Tertile 1 
(0.10 – 0.15) 

 13  1  1 

      Tertile 2 
(0.16 – 0.23) 

 14  2.08 (0.63 – 6.81)  0.62 (0.15 – 2.58) 

      Tertile 3 
(0.24 – 0.41) 

 12  3.71 (1.11 – 12.38)*  4.06 (1.14 – 14.38)* 

   MELD score  c    39  0.97 (0.835 – 1.126)   

     CI, confi dence interval; GV, gastric varices; HCC, hepatocellular carcinoma; 
HR, hazard ratio; Lg-c, adjacent to the cardiac orifi ce; Lg-cf, extending from the 
cardiac orifi ce to the fornix; Lg-f, distant from the cardiac orifi ce; MELD, model 
for end-stage liver disease.   
     * P  for trend  =  0.028.   
   a    All parameters were factors or events assessed before B-RTO. Cox’s proportional 
hazards model was used for univariate and multivariate analyses.       b    HR is reported 
per 1 year change in age.       c    HR is reported per 1 point change in MELD score.   

  Table 2 .    Cumulative survival free of worsening of EV after 
B-RTO at 500 days regarding hemodynamic parameters of GV 
assessed by ECDUS 

    Parameters     a       Value    % of patients  

   Mean velocity  b        <    17.8/ ≥ 17.8  55/52.6 

   Peak systolic velocity  b        <    20.5/ ≥ 20.5  52.3/55.5 

   End diastolic velocity  b        <    15.6/ ≥ 15.6  55/52.63 

   Diameter in mm      <    7.2/ ≥ 7.2  40.4/56.7 

   Flow rate in cm 2 /s      <    6.47/ ≥ 6.47  50/48.4 

   Congestion index      <    1.95/ ≥ 1.95  38.1/60.2 

   Diameter of PV  c        <    10.25/ ≥ 10.25  33.3/36.3 

    Resistance index      

      Tertile 1  0.10 – 0.15  72.5 

      Tertile 2  0.16 – 0.23  56.2 

      Tertile 3  0.24 – 0.41  29.1 

     PV, portal vein.   
     Analysis was performed using Kaplan-Meier method.   
   a    Parameters were divided into two groups according to the median value.    
   b    velocity was measured in cm/s.       c    PV in mm was measured by computed 
tomography.   
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 Study Highlights 

  WHAT IS CURRENT KNOWLEDGE  
  3 Worsening of esophageal varices (EV) after balloon-

occluded retrograde transvenous obliteration (B-RTO) 
is common. 

  3 Predictive factors for worsening of EV are unknown. 

  WHAT IS NEW HERE  
  3 Presence of EV before B-RTO, higher Child-Pugh class, 

and higher resistance index of gastric varices were risk 
factors for worsening of EV after B-RTO. 

  3 Endoscopic color Doppler ultrasonography could predict 
worsening of EV after B-RTO.          
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assessed by ECDUS tend to have larger EV than those with a 

posterior branching pattern, and have signifi cantly less response 

to endoscopic treatment  (41) . ECDUS is a useful modality for 

the evaluation of the hemodynamics of EV and ECDUS exami-

nations using ultrasound echo-enhancing agent showed that 

arterial fl ow is involved in the formation of EV  (42) . Moreover, 

contrast enhanced ECDUS can improve the diagnostic quality 

of the hemodynamics of recurrent EV aft er endoscopic therapy 

and the perforating veins can be detected at a high rate  (43) . We 

speculate that examination of the left  gastric veins and other 

collaterals with contrast enhanced ECDUS should be consid-

ered to evaluate worsening of EV aft er B-RTO. 

 ECDUS is useful for evaluating GV hemodynamic param-

eters. In the present study, Cox ’ s proportional hazards model 

using univariate and multivariate analysis showed that resist-

ance index was an independent signifi cant risk factor for wors-

ening of EV aft er B-RTO. Higher resistance index, assessed by 

ECDUS, could be an important hemodynamic parameter to pre-

dict worsening of EV aft er B-RTO. Th e resistance index is con-

sidered to refl ect vascular resistance peripheral to the location 

of measurement, and resistance refers to opposition to blood 

fl ow created by the amount of friction the blood encounters as 

it passes through the vessels and is related to blood  viscosity 

( h ), the length of blood vessels ( l ), and vessel radius ( r )  (44) . 

Th e resistance index can vary from 0 to 1, with higher values 

indicating greater vascular resistance. Several studies have indi-

cated that measurement of resistance index is clinically useful 

in a variety of vascular beds  (45 – 47) . However, resistance index 

of GV has not been previously determined. All patients were 

hemodynamically stable and GV diameter was not signifi cant 

risk factor for worsening. Th erefore, we suggested that the sig-

nifi cance of resistance index, as risk factor for worsening, indi-

cates presence of paragastric and / or paraesophageal collaterals 

that are responsible for increasing vascular resistance and may 

contribute to worsening of EV aft er B-RTO. 

 Th e present study has some limitations. Th ere were no sig-

nifi cant diff erences in many clinical, endoscopic, and hemo-

dynamic variables examined for detection of risk factors for 

worsening of EV aft er B-RTO. Th is could be because of the small 

sample size in this study. On the basis of the expected multifac-

tor mechanism of worsening of EV aft er B-RTO, we evaluated 

several parameters in spite the limited number of patients in 

our study. We did not measure hemodynamics of other collat-

eral veins, in particular the left  gastric vein. Th e hemodynamic 

changes in these collateral veins also need to be evaluated. 

 In conclusion, the presence of EV, higher Child-Pugh class, 

and higher resistance index of GV measured by ECDUS are 

signifi cant risk factors for worsening of EV aft er B-RTO. 

ECDUS has an important role in predicting worsening of EV 

aft er B-RTO.      

  CONFLICT OF INTEREST  
  Guarantor of the article:  Yasuhiro Fujiwara, MD, PhD. 

  Specifi c author contributions:  Development of the protocol 

and the study, collection of data, statistical calculations, and 



© 2009 by the American College of Gastroenterology The American Journal of GASTROENTEROLOGY

2221

 LI
V

E
R

 A
N

D
 B

IL
IA

R
Y

 T
R

A
C

T 

 Factors of Worsening of Esophageal Varices 

  12   .      Barange     K   ,    P é ron     JM   ,    Imani     K       et al.       Transjugular intrahepatic portosys-
temic shunt in the treatment of refractory bleeding from ruptured gastric 
varices  .   Hepatology     1999  ;  30  :  1139   –   4  .  

  13   .      Chau     TN   ,    Patch     D   ,    Chan     YW       et al.        “ Salvage ”  transjugular intrahepatic 
portosystemic shunts: gastric fundal compared with esophageal variceal 
bleeding  .   Gastroenterology     1998  ;  114  :  981   –   7  .  

  14   .      Hirota     S   ,    Matsumoto     S   ,    Tomita     M       et al.       Retrograde transvenous oblitera-
tion of gastric varices  .   Radiology     1999  ;  211  :  349   –   56  .  

   15   .      Koito     K   ,    Namieno     T   ,    Nagakawa     T       et al.       Balloon-occluded retrograde 
transvenous obliteration for gastric varices with gastrorenal or gastrocaval 
collaterals  .   Am J Roentgenol     1996  ;  167  :  1317   –   20  .  

   16   .      Akahane     T   ,    Iwasaki     T   ,    Kobayashi     N       et al       Changes in liver function param-
eters aft er occlusion of gastrorenal shunts with balloon-occluded retrograde 
transvenous obliteration  .   Am J Gastroenterol     1997  ;  92  :  1026   –   30  .  

  17   .      Kiyosue     H   ,    Mori     H   ,    Matsumoto     S       et al.       Transcatheter obliteration of gastric 
varices. Part 2. Strategy and techniques based on hemodynamic features  . 
  Radiographics     2003  ;  23  :  921   –   37  .  

  18   .      Kanagawa     H   ,    Mima     S   ,    Kouyama     H       et al.       A successfully treated case of 
fundic varices by retrograde transvenous obliteration with balloon 
[in Japanese]  .   Nippon Shokakibyo Gakkai Zasshi     1991  ;  88  :  1459   –   62  .  

  19   .      Fukuda     T   ,    Hirota     S   ,    Sugimura     K    .   Long-term results of balloon-occluded 
retrograde transvenous obliteration for the treatment of gastric varices and 
hepatic encephalopathy  .   J Vasc Interv Radiol     2001  ;  12  :  327   –   36  .  

  20   .      Kato     T   ,    Uematsu     T   ,    Nishigaki     Y       et al.       Th erapeutic eff ect of balloon-
occluded retrograde transvenous obliteration on portal-systemic encepha-
lopathy in patients with liver cirrhosis  .   Intern Med     2001  ;  40  :  688   –   91  .  

  21   .      Matsumoto     A   ,    Hamamoto     N   ,    Kayazawa     M    .   Balloon endoscopic sclero-
therapy, a novel treatment for high-risk gastric fundal varices: a pilot study  . 
  Gastroenterology     1999  ;  117  :  515   –   6  .  

    22   .      Ninoi     T   ,    Nishida     N   ,    Kaminou     T       et al.       Balloon-occluded retrograde trans-
venous obliteration of gastric varices with gastrorenal shunt: long-term 
follow-up in 78 patients  .   Am J Roentgenol     2005  ;  184  :  1340   –   6  .  

   23   .      Kitamoto     M   ,    Imamura     M   ,    Kamada     K       et al.       Balloon-occluded retrograde 
transvenous obliteration of gastric fundal varices with hemorrhage  .   Am J 
Roentgenol     2002  ;  178  :  1167   –   74  .  

  24   .      Nakamura     H   ,    Endo     M   ,    Shimojuu     K       et al.       Esophageal varices evaluated by 
endoscopic ultrasonography: observation of collateral circulation during 
non-shunting operations  .   Surg Endosc     1990  ;  4  :  69   –   74  .  

  25   .      Caletti     GC   ,    Brocchi     E   ,    Barnara     L    .   Role of endoscopic ultrasonography in 
the treatment of esophageal varices  .   Endoscopy     1991  ;  23  :  284   –   5  .  

   26   .      Sato     T   ,    Yamazaki     K   ,    Toyota     J       et al.       Evaluation of hemodynamics in esopha-
geal varices: value of endoscopic color Doppler ultrasonography with a 
galactose-based contrast agent  .   Hepatol Res     2003  ;  25  :  55   –   61  .  

   27   .      Sato     T   ,    Yamazaki     K   ,    Toyota     J       et al.       Observation of gastric variceal fl ow 
characteristics by endoscopic ultrasonography using color Doppler  .   Am J 
Gastroenterol     2008  ;  103  :  575   –   80  .  

   28   .      Kim     T   ,    Shijo     H   ,    Kokawa     H       et al.       Risk factors for hemorrhage from gastric 
fundal varices  .   Hepatology     1997  ;  25  :  307   –   12  .  

   29   .      Idezuki     Y    .   General rules for recording endoscopic fi ndings of esophagogas-
tric varices (1991). Japanese Society for Portal Hypertension  .   World J Surg   
  1995  ;  19  :  420   –   2  .  

   30   .      Moriyasu     F   ,    Nishida     O   ,    Ban     N       et al.        “ Congestion index ”  of the portal vein  . 
  Am J Roentgenol     1986  ;  146  :  735   –   9  .  

  31   .      Sabb á      C   ,    Weltin     GG   ,    Cicchetti     DV       et al.       Observer variability in echo-
Doppler measurements of portal fl ow in cirrhotic patients and normal 
volunteers  .   Gastroenterology     1990  ;  98  :  1603   –   11  .  

  32   .      Moriyasu     F   ,    Ban     N   ,    Nishida     O       et al.       Clinical application of an ultrasonic 
duplex system in the quantitative measurement of portal blood fl ow  .   J Clin 
Ultrasound     1986  ;  14  :  579   –   88  .  

   33   .      Hashizume     M   ,    Kitano     S   ,    Yamaga     H       et al.       Haptoglobin to protect against 
renal damage from ethanolamine oleate sclerosant  .   Lancet     1988  ;  2  :  340   –   1  .  

  34   .      Konishi     Y   ,    Nakamura     T   ,    Kida     H       et al.       Catheter US probe EUS evaluation 
of gastric cardia and perigastric vascular structures to predict esophageal 
variceal recurrence  .   Gastrointest Endosc     2002  ;  55  :  197   –   203  .  

  35   .      Sato     T   ,    Yamazaki     K   ,    Toyota     J       et al.       Usefulness of electronic radial endo-
scopic color Doppler ultrasonography in esophageal varices: comparison 
with convex type  .   J Gastroenterol     2006  ;  41  :  28   –   33  .  

  36   .      Krogsgaard     K   ,    Gluud     C   ,    Henriksen     JH       et al.       Correlation between liver 
morphology and portal pressure in alcoholic liver disease  .   Hepatology   
  1984  ;  4  :  699   –   703  .  

  37   .      Picchiotti     R   ,    Mingazzini     PL   ,    Scucchi     L       et al.       Correlations between 
sinusoidal pressure and liver morphology in cirrhosis  .   J Hepatol   
  1994  ;  20  :  364   –   9  .  

   38   .      Braillon     A   ,    Cales     P   ,    Valla     D       et al.       Infl uence of the degree of liver failure on 
systemic and splanchnic haemodynamics and on response to propranolol 
in patients with cirrhosis  .   Gut.     1986  ;  27  :  1204   –   9  .  

   39   .      Hino     S   ,    Kakutani     H   ,    Ikeba     K       et al.       Hemodynamic assessment of the left  
gastric vein in patients with esophageal varices with color Doppler EUS: 
factors aff ecting development of esophageal varices  .   Gastrointest Endosc   
  2002  ;  55  :  512   –   7  .  

   40   .      Matsutani     S   ,    Furuse     J   ,    Ishii     H       et al.       Hemodynamics of the left  gastric vein in 
portal hypertension  .   Gastroenterology     1993  ;  105  :  513   –   8  .  

   41   .      Hino     S   ,    Kakutani     H   ,    Ikeda     K       et al.       Hemodynamic analysis of esophageal 
varices using color Doppler endoscopic ultrasonography to predict 
recurrence aft er endoscopic treatment  .   Endoscopy     2001  ;  33  :  869   –   72  .  

   42   .      Sato     T   ,    Yamazaki     K   ,    Toyota     J       et al.       Evaluation of arterial blood fl ow in 
esophageal varices via endoscopic color Doppler ultrasonography with a 
galactose-based contrast agent  .   J Gastroenterol     2005  ;  40  :  64   –   9  .  

   43   .      Sato     T   ,    Yamazaki     K   ,    Toyota     J       et al.       Perforating veins in recurrent esophageal 
varices evaluated by endoscopic color Doppler ultrasonography with a 
galactose-based contrast agent  .   J Gastroenterol     2004  ;  39  :  422   –   8  .  

   44   .      Polska     E   ,    Kircher     K   ,    Ehrlich     P       et al.       RI in central retinal artery as assessed 
by CDI does not correspond to retinal vascular resistance  .   Am J Physiol 
Heart Circ Physiol     2001  ;  280  :  H1442   –   7  .  

  45   .      Rifk in     MD   ,    Needleman     L   ,    Pasto     ME       et al.       Evaluation of renal transplant 
rejection by duplex Doppler examination: value of the resistive index  .   Am J 
Roentgenol     1987  ;  148  :  759   –   62  .  

  46   .      Colli     A   ,    Cocciolo     M   ,    Mumoli     N       et al.       Hepatic artery resistance in alcoholic 
liver disease  .   Hepatology     1998  ;  28  :  1182   –   6  .  

  47   .      Iwao     T   ,    Toyonaga     A   ,    Shigemori     H       et al.       Hepatic artery hemodynamic 
responsiveness to altered portal blood fl ow in normal and cirrhotic livers  . 
  Radiology     1996  ;  200  :  793   –   8  .               






