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Abstract. Portal vein (PV) shrinkage sometimes elimi- 
nates the possibility of liver transplantation in biliary atre- 
sia patients after hepatic portoenterostomy. To determine 
the factors leading to PV shrinkage, we performed a serial 
sonographic study of the portal venous system in 21 chil- 
dren. Cross-sectional PV area and mean portal venous 
velocity (PVV) were reduced in patients with refractory 
cholangitis and those with gastroesophageal varices and 
cholangitis. Although the reduction in cross-sectional PV 
area was greater in patients with four-time laparotomy than 
single laparotomy, the mean PVV was not reduced by 
repeated laparotomy. Patients with varices were lower in 
age, weight, mean PVV, cross-sectional PV area for age, 
and had higher serum total bilirubin levels. In conclusion, 
refractory cholangitis is a significant factor in shrinking the 
PV. With active bile drainage, varices spontaneously re- 
gress, the PV increases in both caliber and total length per 
unit hepatic volume, and PVV normalizes. It is suggested 
that pulsed Doppler PV sonography can help to determine 
the optimal time for liver transplantation referral in biliary 
atresia patients with progressive cirrhosis. 
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Introduction 

The patency of the recipient's portal vein (PV) is an impor- 
tant prerequisite for successful liver transplantation (LT) 
[3, 4]. Biliary atresia (BA) is the disease condition leading 
to LT in 50% to 75% of pediatric recipients [5, 15]; PV 
shrinkage, however, sometimes eliminates the possibility 
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of performing LT in BA patients. It is hypothesized that in 
BA patients with worsening liver function, the PV shrinks 
due to decreased hepatopetal flow [3]. To determine the 
factors that may contribute to shrinkage of the cross-sec- 
tional PV area, we performed a serial sonographic study of 
the portal venous system with reference to clinical review 
in 21 children with BA after hepatic portoenterostomy 
(HPE). 

Materials and methods 

The present study involved 21 of 46 patients with BA who underwent 
HPE at the Second Department of Surgery, Kyoto University Hospital, 
from June 1978 to September 1988. They consisted of 9 females and 12 
males with an age range from 24 to 147 months (mean 71.7 +__ 37.6). After 
HPE was performed by techniques previously described [ 14], the patients 
were evaluated by pulsed Doppler sonography as part of the routine 
follow-up care from May 1988 to September 1990. Informed consent 
was obtained from each patient, if possible, and/or the parents. 

Pulsed Doppler sonography was performed 23 times in the 
21 patients. (Two patients had repeated studies between 8 and 24 months 
apart and 19 had a single study). The device used was an ultrasonic 
duplex system composed of a real-time electronic linear-type B-mode 
scanner and a pulsed Doppler flowmeter using Fast Fourier Transform 
(Toshiba Sonolayer c~ SSA-270A, Toshiba Corp., Japan). The specifica- 
tions of the system and the principle of measurement have been described 
in previous reports [9, 10]. Measurement was carried out with fasted 
subjects resting in a 30 ° head-up position without anesthesia to avoid 
interference with the ultrasound beam by bowel gas. The PV was dis- 
played first along the longitudinal axis by the B-mode scanner and the 
site for volume sampling was set at the porta hepatis. 

The cross-sectional area (A) of the PV was calculated using the 
following equation from the minor and major axes (X and Y): A = XY 
~/4. Mean portal venours velocity (PVV) was calculated by the following 
equation, employing values for the maximum velocity (Vmax) at the 
central axis obtained from the Doppler spectrum and the angle (0) 
between the ultrasonic beam for Doppler mode and PV:V = 
0.57 Vma~/Cos 0 (cm/s) [9]. In practice, the mean PVV was computer- 
derived from the spectral waveform (Fig. 1). 

Six splanchnic angio~aphies were performed in 5 patients with ab- 
normal PVV (below 7 crrds) [ 16]. Histopathologic examination of the PV 
was performed in 1 patient who underwent orthotopic LT using the left 
lobe from a living related donor. 

The patients were divided into clinical groups according to clinical 
status: degree of postoperative cholangitis; time of laparotomy; and 
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presence +f absence of gastroesophageal varices. The diagnosis of post- 
operative cholangitis was made from the tetrad of unexplained fever 
(>38 ° C), v, levated serum bilirubin level, acholic stool, and leukocytosis. 
Cholangitis was graded according to the severity of inflammation: 
(+) = trac:able cholangitis controlled by antibiotic therapy in an ambula- 
tory setting; (++) = refractory cholangitis treated with hospitalization. 
Gastroescghageal varices were diagnosed by endoscopy and sonography. 
Statistical analysis was carried out using the Student's t-test and the 
Wilcoxon rank-sum test. 

Results 

Hernodynamic changes and cholangitis 

The me~.n cross-sectional P V  area was  38.2 + 21.8 m m  2 in 
16 patients without cholangitis,  4 6 . 3 + 2 1 . 0 m m 2  in 
4 patien~:s with tractable cholangit is ,  and 2.40 + 4 . 1 6  m m  2 
in 3 palients with refractory cholangit is  (Table 1). The 
differen~':e between cholangi t i s ( - )  and cholangit is(++) was 
statistically significant at levels be low 0.05, as was the 
differen~:e between cholangit is(+) and cholangitis(++).  

The mean PVV was 1 3 . 5 + 4 . 6 3  ctrds in 16 patients 
without cholangitis, 1 4 . 0 + 6 . 1 6  cm/s in 4 patients with 
tractable cholangitis, and 1.70 + 2 . 9 4  cm/s in 3 patients 
with refractory cholangitis.  The  difference between 
cholangit is(-)  and cholangi t is(++) was  statistically signifi- 
cant at levels below 0.01, that be tween  cholangitis(+) and 
cholangitis(++) at levels be low 0.05. 

A m o n g  these three groups,  there were no significant 
differen::es regarding age, weight,  and serum total bilirubin 
levels (3i-Bil). 

Hemod) namic changes and re-laparotomy 

The mean cross-sectional PV area was  45.9 + 25.0 m m  2 in 
9 patienl:s with one-t ime laparotomy,  34.2 + 2 3 . 2  m m  2 in 
7 patients with two-t ime laparotomy,  3 4 . 5 + 1 7 . 1  m m  2 
in 3 patients with three-t ime laparotomy,  and 
15 .7+7 .80  mm2 in 3 patients with four- t ime laparotomy 
(Table 2). The difference be tween  the one- t ime laparotomy 

Fig. 1. B-mode scan of the portal vein (right). The site 
for volume sampling is set at the porta hepatis 
(arrow). The mean portal venous velocity is computer- 
derived from the spectral waveform (left). PV, Portal 
vein; HA, Hepatic artery 

Table 1. Mean and SD values of data according to cholangitis 

Cholangitis 

(-) (+) (++) 
No. of patients 16 4 3 

Age(months) 67.6+_35.7 97.8 +_49.4 51.0 +_19.7 
Weight(kg) 20.4 +_ 7.57 25.8 +_11.8 14.0 +_ 5.22 
T-Bil(mg/dl) 3.11+_ 4.95 1.10+_ 0.632 9.77+_ 7.48 
A(mm 2) 38.2 +_21.8 46.3 +_21.0 2.40+_ 4.16 a 
V(crnls) 13.5 +_ 4.63 14.0 +_ 6.16 1.70+_ 2.94 b 

T-Bil: total bilirubin 
A: cross-sectional portal vein area 
V: mean portal venous velocity 
a Significant difference from cholangitis (-) and cholangitis (+) 
goups; P <0.05 
b Significant difference from cholangitis (-) (P <0.01) and cholangitis 
(+) ~oups (P <0.05) 

~ o u p  and the four-time group was statistically significant 
at the level o f  0.05. Among those two groups, there were no 
significant differences in age, weight, and T-Bil. The other 
matching between groups was not significant. 

The  mean PVV was 13.5 ___ 6.43 crrds in 9 patients with 
one- t ime laparotomy, 13 .4+5.87  cm/s in 7 patients with 
two-t ime laparotomy, 10.0+3.61 cm/s in 3 patients with 
three-t ime laparotomy, and 10.4 + 5.46 cm/s in 3 patients 
with four-t ime laparotomy. The difference was not signifi- 
cant among  these four groups. 

In a 33-month-old female who had five laparotomies 
consist ing of  HPE and revisions of  the hilar anastomosis 
due to refractory cholangitis, PV occlusion was demon- 
strated by  sonography and splanchnic angiography. 

Hemodynamic changes and gastroesophageal varices 

The mean cross-sectional PV area was 52.3 + 13.7 mrn2 in 
10 patients without gastroesophageal varices and 
2 1 . 6 + 2 1 . 1  mm2 in 13 with varices (Table 3). The differ- 
ence was significant at levels below 0.01. The mean PVV 
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Table 2. Mean and SD of data according to time of laparotomy 

Time of laparotomy 

1 2 3 4 5 
No. of patients 9 7 3 3 1 b 

Age(months) 89.0 -+29.4 68.6 -+46.0 32.3 + 7.51 71.3 +37.8 
Weight(kg) 24.4 _+ 7.86 19.9 + 8.84 11.8 + 1.76 23.0 ___ 5.50 
T-Bil (mg/dl) 2.36-+ 4.94 3.66+ 4.38 6.63 -+- 9.42 1.27 ___ 0.551 
A(mm 2) 45.9 -+25.0 34.2 ___23.2 34.5 ___17.1 15.7 _ 7.80 a 
V (cm/s) 13.5 ___ 6.43 13.4 + 5.87 I0.0 _ 3.61 10.4 _+ 5.46 

33.0 
8.00 

12.5 
0 
0 

T-Bil: total bilirubin 
a Significant difference from time of operation 1 group; P = 0.05 
b A 33-month-old female with refractory cholangitis, varices, and 5-time laparotomy developed PV occlusion, 

Table 3. Mean and SD of data according to gastroesophageal varices 

Varices 

Table 5. Mean and SD of data in patients with gastroesophageal vafices 
according to cholan~tis 

(-) (+) 
No. of patients 10 13 (-) 

No. of patients 9 
Age(months) 96.4 -+34.9 50.8 +27.0 a 
Weight(kg) 26.5 -+ 7.05 15.9 + 6.39 ~ Age(months) 
T-Bil (mg/dl) 0.660+_ 0.35 5.92+ 6.23 a Weight (kg) 
A (mm 2) 52.3 -+13.7 21.6 -+21.1 a T-Bil (mg/dl) 
V (cm/s) 15.9 ___ 3.69 9.02 + 5.99 a A (ram 2) 

V (cm/s) 
T-Bil: total bilimbin 
a Significant difference from vafices (-) group; P <0.01 

Cholangitis 

(+) or (++) 
4 

52.9 -+30.8 46.3 -+18.7 
17.2 ___ 6.85 13.0 -+ 4.71 
5.04-+ 6.02 7.75+ 7.32 

28.6 -+21.6 5.70+ 7.42 a 
11.8 -+ 4.67 2.78 -+ 3.23 a 

T-Bil: total bilirubin 
a Significant difference from cholangitis (-) ~oup; P <0.05 

Table 4, Mean and SD of data in patients without gastroesophageal 
varices according to cholangitis 

Cholangitis 

(-) (+) 
No. of patients 7 3 

Age(months) 86.4 --+34.4 120 -+28.0 
Weight(kg) 24.5 -+ 6.74 31.0 ___ 6.56 
T-Bil(mg/dl) 0.56-+ 0.14 0.90___ 0.60 
A(mm 2) 50.4 -+16.0 56.5 + 5.77 
V(cm/s) 15.6 -+ 3.90 16.7 + 3.79 

T-Bil: total bilirubin 

was  15.9___3.69 crn/s in 10 pat ients  without  varices and 
9.02___ 5.99 crn/s in 13 with  varices.  The difference was 
s ta t is t ical ly  s ignif icant  at levels  be low 0.01; there were also 
s ignif icant  d i f ferences  in age,  weight ,  and T-Bil.  

Hemodynamic changes and cholangitis with varices 

The  mean  cross-sec t iona l  PV area  was 50.4--- 16.0 mm2 in 
7 patients who  had nei ther  var ices  nor cholangitis and 
56.5 +__ 5.77 mm2 in 3 pat ients  who  had tractable cholan- 
gi t is  wi thout  var ices  (Table  4). The mean PVV was 
1 5 . 6 _  3.90 crn/s in 7 pat ients  who had neither varices nor 
cholangi t is  and 16.7___ 3.79 crn/s in 3 who had tractable 
cholangi t is  wi thout  varices.  The  differences were not sig- 
nif icant.  There  were  also no s ignif icant  differences in age, 
weight ,  and T-Bil .  

The  mean cross-sec t ional  PV area  was  28.6 ___ 21.6 ram2 
in 9 patients who had var ices  w i thou t  cholangi t i s  and 
5.70__. 7.42 ram2 in 4 who  had  bo th  va r ices  and cholangi t i s  
(1 tractable,  3 refractory)  (Table  5). T h e  mean  P V V  was 
11.8___4.67 cm/s in 9 pat ients  who  had  var ices  wi thout  
cholangi t is  and 2.78 ___ 3.23 crn/s in 4 w h o  had both  var ices  
and cholangit is .  The  d i f ferences  we re  s ta t i s t ica l ly  signifi-  
cant  at levels be low 0.05. There  were  no  s igni f icant  differ-  
ences in age, weight ,  and T-Bi l .  

Hemodynamic assessment with splanchnic angiography 

Six splanchnic angiographies  were  p e r f o r m e d  in 5 pat ients  
with abnormal  PVV (be low 7 cm/s) .  P V  occ lus ion  was 
observed in 2 pat ients  who  had  bo th  re f rac tory  cholangi t is  
and varices:  a 33-month-o ld  female  w h o  had  f ive laparoto-  
mies and PV occ lus ion  ex tend ing  to the  super ior  mesen-  
teric and splenic veins  and a 7 2 - m o n t h - o l d  f ema le  who  had 
a one- t ime l apa ro tomy and occ lus ion  o f  the  ent ire  PV. P V  
stenosis was observed  in another  2 pat ients ,  both  of  w h o m  
had varices.  One was a 32 -mon th -o ld  m a l e  who  had  poor  
bi le  dra inage after  HPE due to b i l i a ry  obs t ruc t ion  wi thout  
cholangit is  and had not  e s t ab l i shed  ac t ive  bi le  d ra inage  
after reoperat ion.  His  c ross - sec t iona l  P V  area  and mean  
PVV were 6.9 mm2 and 5.0 cm/s,  r espec t ive ly ;  the other 
was a 48-month-o ld  male  who  had  fou r  l apa ro tomies  due 
to refractory cholangi t is ,  whose  c ross - sec t iona l  PV area  
and mean P V V  were 7.2 rnm2 and 5.1 crrds. Our  5th and 
final patient,  a 32-month-o ld  f emale ,  had  g o o d  bi le  
drainage in spite of  t rac table  cho lang i t i s ,  th ree- t ime  la- 
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Fig. 2. Section from portal vein (PV) in 
patient who had been observed for PV steno- 
sis for over 8 months. Thickening and focal 
protuberance of the intima are observed 
(H&E, x 40) 

paroto~:aies, and varices. She did not develop PV shrink- 
age, ariel her cross-sectional PV area and mean PVV were 
15.6 m:aa2 and 6.0 cm/s. 

Pathoh~gy of PV shrinkage 

Pathologic examination of the PV was performed in 1 of 
the pat:ients who had been observed for PV stenosis for 
more than 8 months and underwent orthotopic LT using 
the left lobe of a living related donor (Fig. 2). Diffuse 
thickening and focal protuberance of the infima were ob- 
served but there was no evidence of a thrombus. Thicken- 
ing in abe media and adventitia of the PV was not pro- 
nounced. 

Discuss;ion 

Portal venous flow is an important hemodynarnic parame- 
ter in tl:~e preoperative evaluation of patients requiring LT. 
Reduction of PV blood flow in adult patients with liver 
cirrhosi s, associated with a nearly constant plateau of por- 
tal pre!.sure, was initially reported by Ferguson [2] and 
Moreno et al. [8]. The direct analysis technique involves 
the use of an electromagnetic flowmeter requiring anesthe- 
sia and laparotomy, and hence is too invasive and complex 
for routine use [13]. However, PV blood flow can also be 
calcula~:ed from PVV and cross-sectional PV area as mea- 
sured l:,y pulsed Doppler sonography [11, 13, 17]. The 
pulsed Doppler method gives accurate values of PVV, but 
there ~:e some inherent errors in flow estimation when the 
venous blood vessel is somewhat compressed by adjacent 
structuzes and when the diameter of the vessel is small [11, 
13, 16, 17]. Therefore, we adopted the mean PVV and 
cross-s~;ctional PV area as hemodynamic parameters. A 

skilled examiner was asked to perform these measure- 
ments. 

HPE for BA permits bile drainage, and immediate post- 
operative bile drainage is achieved in more than 80% of 
cases [14]. After bile drainage is obtained, the most serious 
complication is ascending cholangitis, which can lead to 
biliary reobstruction and/or progressive liver fibrosis. On 
the other hand, re-laparotomy, including revision of the 
hilar anastomosis, lysis of adhesions, and surgery for peri- 
tonitis, is required in a number of  cases [1]. Both the 
surgery and the general anesthesia required for re-laparot- 
omy induce retention and regurgitation of  intestinal con- 
tents, which interferes with the outflow of  bile excreted 
from the fine bile ducts, leading to ascending cholangitis 
and biliary reobstruction [1]. In our study, cross-sectional 
PV area and mean PVV were significantly reduced in 
patients with refractory cholangitis, but were not reduced 
in patients with tractable cholangitis (Table 1). Although 
the cross-sectional PV area was reduced in the patients 
with four-time laparotomies compared to those with a 
single laparotomy, mean PVV was not reduced by repeated 
laparotomy (Table 2). It is suggested that refractory 
cholangitis, which may shrink the PV and occasionally 
eliminate the possibility of performing LT in BA patients, 
is a more serious factor than repeated laparotomies. 
Knowledge of deterioration of PVV and cross-sectional 
area would allow early transplant referral in those patients 
who have progressive cirrhosis. In patients who require 
repeated laparotomies, the cross-sectional PV area may be 
reduced, and hence close observation with pulsed Doppler 
sonography and splanchnic angiography is recommended. 

Portal hypertension is a major late complication even in 
children who are jaundice-free following successful sur- 
gery for BA [ 12]. High portal pressure also has been shown 
to exist in the majority of patients during corrective surgery 
[6]. However, when there is active bile drainage and post- 
operative cholangitis is not a problem, PV pressure 
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decreases and the portal veins increase in total length per 
unit hepatic volume as the child grows [6]. 

In our study, patients with varices were significantly 
lower in age, weight, mean PVV, and cross-sectional PV 
area and higher in T-Bil for their ages (Table 3). Since the 
development of natural portosystemic shunts is apt to occur 
in growing children [6, 7], both cross-sectional PV area 
and mean PVV can be reduced in spite of the presence of 
portal hypertension, whereas portal venous caliber tends to 
enlarge in adult cirrhotics [17]. In our patient who received 
two examinations over a 24-month period because he had 
active bile drainage without cholangifts, the varices spon- 
taneously regressed. The PV increased in cross-sectional 
area as he grew and normal PVV was established. There- 
fore, when active bile drainage is present, varices can spon- 
taneously regress. The PV increases not only in total length 
per unit hepatic volume, but also in caliber at the porta 
hepatis, and PVV normalizes. 

Postoperative cholangitis aggravates portal hyperten- 
sion and fibrosis of the liver [6]. In our study, when cholan- 
gifts was tractable in the patients without varices neither 
cross-sectional PV area nor mean PVV was reduced 
(Table 4). However, when cholangifts was present in 
patients with varices, both cross-sectional PV area and 
mean PVV were reduced (Table 5). It is suggested that 
cholangitis has serious effects, especially on smaller chil- 
dren with portal hypertension. 

Pathologic examination of the PV showed that diffuse 
thickening of the intima is not only indicative of portal 
hypertension, but may also be a sign of periportal fibrosis 
as diagnosed by sonography in most patients with decreas- 
ing PV size (Fig. 2). 

In conclusion, refractory cholangitis reduced both 
cross-sectional PV area and mean PVV in BA patients. It is 
possible that postoperative cholangitis aggravates liver 
function, liver fibrosis, portal hypertension, and PV shrink- 
age. PV sonography by the pulsed Doppler method may be 
helpful in determining the optimal time for LT referral in 
BA patients with progressive cirrhosis. 
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