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Abstract

The purpose of this study was to evaluate the relationship between the results of laboratory
examinations and ultrasonographic findings, especially portal vein hemodynamics in ex-
perimentally bile duct ligated dogs.

Biliary obstruction was accomplished by surgically occluding the common bile duct in five
dogs. All the dogs became visibly jaundiced within 24 hours after surgery. The total protein
and albumin/globulin ratio showed a gradual decrease throughout the examination period, while
blood urea nitrogen reached its peak in the 6th week and decreased to pre ligation values by the
10th week. Similar trends were noted in the alkaline phosphatase, alanine aminotransferase,
aspartate aminotransferase, and direct and total bilirubin. Total cholesterol and fasting serum
bile acid levels rapidly increased after surgery to peak values between the 2nd and 4th week, and
then gradually decreased, but still remained high throughout the experiment period. The portal
flow volume and velocity significantly (p<<0.05) decreased while only a slight increase was noted
in the congestion index after bile duct ligation. The cross sectional area of the portal vein
changed insignificantly. Bile duct and gallbladder distention was evident within the 1st week
after ligation but there was little change in the echogenicity of the liver parenchyma.

The results of this study suggest that the determination of Doppler ultrasound parameters
of hepatic hemodynamics, especially the portal vein flow indices, may contribute to a better

noninvasive assessment of the canine patient with biliary obstructive disease.
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Introduction

Common bile duct ligation has been used as a
model for the production of hepatic cirrhosis in
the dog!16:20.29
infiltration of connective tissues in the portal zone
and enhanced proliferation of bile duct epithelial

Ligation leads to a significant

cells and hepatocytes. Hepatocyte necrosis,
degeneration and inflammatory infiltration further
characterize the cirrhotic changes in the livers of
bile duct ligated dogs'®. The obstruction of the
cystic or common bile duct stops the flow of bile
from the gallbladder and intrahepatic biliary ducts

. . . 0
creating increased pressure and cholestasis®”.
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Blood flow in the liver can be changed by a variety
of diseases including hepatocellular disease,
tumors and portal systemic shunts!®?2D,
Changes in systemic circulation in humans with
liver cirrhosis have been studied and there are
some indications that the magnitude of these
changes is related to the impairment of hepatic
function!®. Recent technological developments
in pulsed Doppler equipment make it possible to
obtain qualitative and quantitative functional data
in a noninvasive manner from various major blood

4131422 The determination of portal

vessels
blood flow indices like velocity, volume and
vessel lumen especially in disease have, howev-
er, received less attention in veterinary
medicine” 1%,

The purpose of this experiment was there-
fore to evaluate the results of laboratory and
ultrasonographic examinations of the liver after
experimental bile duct ligation. The main para-
meters that are known to change during liver

2812 je liver enzymes and the cross

disease,
sectional area of the portal vein, the portal blood
flow volume, flow velocity and the congestion
index of the portal vein were evaluated by

ultrasonography over a 10 week period.
Materials and Methods.

Experimental animals.

Five adult dogs weighing between 10-15 kg
were used in these experiments. They be-
longed to the experimental animal pool of the
Laboratory of Veterinary Surgery were fed a
commercial dry food diet without restriction.
The dogs were utilised for these experiments
before and up to 10 weeks after ligation of the
common bile duct. Before the ligation, physical,
hematological, biochemical and ultrasound ex-
aminations were carried out in order to establish
baseline values for each dog. Physical examina-
tions including the determination of body weight,
temperature, heart rate and respiration rate were
done.

Bile duct ligation.

The dogs were fasted for 24 hours before
surgery. They were premedicated with flunit-
razepam (0.03 mg/kg intravenously) and atropine
sulfate (0.03 mg/kg subcutaneously) and pre-
pared for a sterile procedure. The operations
were made under pentobarbital anaesthesia
(15-25 mg/kg intravenously). The abdomen
was entered through a midline cranial abdominal
laparotomy. The common bile duct was identi-
fied at the edge of the hepatoduodenal ligament
and double ligated as close to the duodenum as
possible with non absorbable suture material.
Residual bile was aspirated from the gall bladder.
The abdomen was then irrigated with warm
lactated Ringer’s solution before closure. Sub-
cutaneous tissue and skin were closed routinely
and an antibiotic administered for 7 days. The
wounds were checked and cleaned daily until
suture removal after 10 days.

Laboratory examination.

A complete blood cell count (CBC) was
determined in each dog before ligation and every
day for 5 days and thereafter weekly for 10
weeks. Serum biochemical profiles were analy-
sed before, and weekly after bile duct ligation.
The samples for a CBC were immediately analy-
sed after collection using a hematological cell
counter (Serono Diagnostics System 9000, Baker
USA).
Sera were separated after the blood had coagu-
lated by 10 minutes centrifugation at 1,500Xg.

Instruments Corporation, Allentown,

They were then immediately frozen and stored at
—20°C until analysis. They were analysed for
total protein (TP), albumin/globulin (A/G) ratio,
blood urea nitrogen (BUN), alkaline phosphatase
(ALP), alanine amino transferase (ALT), aspar-
tate amino transferase (AST), direct bilirubin
(DBIl), total bilirubin (TBIil), total cholesterol
(TChol) and fasting serum bile acids (FSBA).
The A/G ratio was calculated from the results of
cellulose acetate membrane electrophoresis.
An automatic chemical analyzer (Cobas Mira-S,
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Nippon Roche, Tokyo, Japan) was used for all the
other tests.
Ultrasound examination.

Before the ultrasound examinations, the
dogs were fasted for 24 hours. The examina-
tions included a determination of the cross
sectional area of the portal vein, the congestion
index, portal vein flow volume and flow velocity.
The examinations were carried out using a
commercially available ultrasound system
(HITACHI EUB-565A, Hitachi Med. Co.,
Tokyo, Japan). The gallbladder was scaned on
the right side by placing the transducer approx-
imately 6-8 cm cranial to the xiphoid and 4-6 cm
dorsal to the sternum. The transducer was
angled toward the midline to produce transverse
oblique scans through the gallbladder®.

Portal blood flow was determined according
to the method described by Kantrowitz et al.”,
Lamb and Mahoney®, and Nyland and Fisher'®.
The scanhead was positioned in the 11th or 12th
intercostal space and the beam directed dorsal
medially. The uniform insonation method was
used in which a large Doppler sample volume that
overlapped the walls of the portal vein was taken.
A continuous computer drawn mean velocity
curve was then analysed without arithmetic
correction. Only incident angles of 65°C or less
were used. Three determinations were aver-
aged to obtain the final velocity. The congestion
index of the portal vein was calculated by dividing
the portal vein cross sectional area by the
average blood flow velocity. This is the ratio
between the cross sectional area (cm?) and the
blood flow velocity (cm/sec) of the portal vein as
determined by the Doppler system'?.
Statistical analysis.

The paired t-test was used to compare the
biochemical baseline data and the data after bile
duct ligation. The value of p<0.05 was consi-
dered significant.

Results

Physical examination.

The animals tolerated the operations very
well and the operation wounds healed within 10
days after surgery. Bile duct ligation induced
anorexia for a few days. Icteric discoloration of
the mucous membranes and skin occurred after 1
day and lasted for about 2 weeks after which the
animals were apparently healthy.

Laboratory examination.

A mild leucocytosis with neutrophilia and
monocytosis was noted in the first 5 days after
surgery. The values however returned to nor-
mal for the rest of the experiment period.

The biochemical changes before and after
ligation are summarized in Table 1.  All the dogs
showed a steady decrease in serum TP and A/G
ratio throughout the examination period. BUN
rose to 29+ 8 mg/dl in the 6th week but returned
to the pre ligation values by the 10th week. The
ALP activity increased rapidly and reached a
significantly high value of 5,260 +455 IU/l in the
2nd week. A decrease was then noted although
the values were still significantly higher than the
preligation levels. Similar trends were also
observed in the other liver-specific enzyme acti-
vities. DBIil and TBil rose from preligation
values of 0.1+0.3 and 0.1+£0.0 mg/dl to 11.7 %
0.5 and 11.9£1.0 mg/dl in the 5th week respec-
tively, and then gradually decreased to almost
normal levels by the 10th week. TCho in-
creased from a preligation value of 137 25 mg/dl
to 364+105 mg/dl in the 5th week and then
gradually decreased to 217 =20 mg/dl in the 10th
week. The FSBA concentration reached 255+
11 mmol/l in the 2nd week and decreased to 31+
12 mmol/l in the last week.

Ultrasound examination.

The distention of the cystic duct was evident
within the first few days after ligation (Figs. 1A :
Day 7 and 1B: 3 weeks). This progressive
dilatation of the cystic duct continued until the
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Table 1. Serum biochemical changes before and after bile duct ligation.
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p<0.05

*

TChol: Total cholesterol

ALP: Alkaline phosphatase

FSBA: Fasting serum bile acids

ALT: Alanine aminotransferase

end of the experiment (Figs. 2A : 5 weeks, Fig.
2B: 7 weeks and 2C: 10 weeks). The de-
marcation point between the cystic duct and the
common bile duct could not be identified on any
scan. The gallbladder was mildly distended by
the 3rd week with small amonts of echogenic
bile within the cystic duct and common bile duct
lumen and gallbladder. The distention and accu-
mulation of sludge within the gall bladder con-
tinued until the end of the experiment. Bile
stasis seen as diffusely echogenic sludge within
the gall bladder lumen was observed in all the
dogs.

There were no significant observations in
the portal flow dynamics during the first 3 weeks.
Major changes occurred in the portal blood flow
velocity and volume starting in the 4th week.
The results starting in the 3rd week are shown in
Table 2. The portal flow volume decreased to
26.6 1.7 ml/min in the 10th week from the pre
ligation average of 33.8 = 1.2 ml/min and the flow
velocity significantly decreased from 19.2%0.5
cm/sec to 9.7+1.5 cm/sec in the 10th week.
There was no significant change in the average
congestion index. Only a slight increase was
noted compared to the preligation measure-
ments. The cross sectional area of the portal
vein changed insignificantly from 0.5+ 0.4 cm? to
0.8+ 0.27 cm® in the 10th week.

Discussion

Doppler ultrasonography provides the
opportunity to determine non-invasively the
blood flow in different body organs, including the
liver. The technique has been used to establish
the volume and the direction and characteristics
of portal flow. Other parameters like the cross
sectional area of the portal vein, the flow velocity
and the congestion index change during liver
cirrhosis'®. Improved noninvasive determina-
tion of these parameters in addition to laboratory
evaluations may contribute to a better assess-

ment of the canine patient with liver disease®.
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Fig. 1. Sagittal scans through the liver after common bile duct ligation. Distention of cystic duct
and gall bladder can be seen. A: 1 week, B: 3 weeks;
GB: Gallbladder, L: Liver, CD: Cystic duct, D: Diaphram.

Fig. 2. At 5 weeks (A), note the echogenic walls of the gall bladder and sludge within. The
whole lumen is filled with echogenic sludge at 8 weeks (B). Extreme distention of both
the cystic and common bile duct and gallbladder can be seen at 10 weeks (C).
GB : Gallbladder, L : Liver, CD : Cystic duct, S : Sludge, Arrowheads : Gallbladder wall.
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Table 2. Portal vein blood flow before and after bile duct ligation.

Weeks after bile duct ligation

Parameter 0 3 4 5 6 7 8 9 10
Flow (ml/ min) 38412 32942 L0416 % 28741.0% 86£16% 265+1.0% 267+1.4% 269418% 266+17%
Cl {emXsec) 3.8 1.2 0.03£0.00  0.03£0.00  0.03£0.02  0.03£0.01  0.05£0.01  0.0740.01  0.07£0.01  0.08+0.01
PV CSA (m?) 0.5 10,04 0.5 x0.04 051000 05004 05008 0.6 20.05 0.8 £0.18 0.8 £0.50 0.8 £0.27
Velocity (cm/ sec) 192405 191403 185103 % 167 40.8% 151 406% 136407 % 1L2415% 1L2+23% 97415

MeantSD (T Congestion index.

1=5 PV CSA: Portal vein cross section area.

*=p<0.05

Apart from a transient anorexia and a slight
leucocytosis, which were possibly a physiological
response to surgery, the animals tolerated the
operations very well.

The results of the present study showed that
the distention of the cystic duct occurred very
early after ligation of the common bile duct and
could be easily identified by ultrasound. The
obstruction of the cystic and common bile duct
stopped the flow of bile from the gallbladder and
intrahepatic biliary ducts creating increased
pressure and cholestasis®. By the 7th day after
the ligation gross cystic dilatation could be
observed. Since ALP is a bile duct associated
enzyme, it has a very early and high activity in the
serum of dogs after bile duct ligation®>?®. Using
the dilatation of bile ducts as a criterion of biliary
obstruction had a sensitivity of 94% and a
specificity of 100% in the diagnosis of human
biliary obstruction?. Since the canine liver is
much more difficult to scan than the human liver
due to the small size of the structures and its
location further cranial under the rib cage, multi-
ple scans are necessary in order to visualize the
biliary tract consistenty'”.

The correlation between portal blood flow
and bilirubin or serum protein levels in patients
with cirrhosis have been reported'”, suggesting
that liver function depends on portal blood flow.
The function of the liver parenchyma depends on
adequate perfusion, hence malperfusion may lead
to clinical disease®. A similar increase in the

activity of liver-specific enzymes was noticed in

dogs chronically intoxicated with a liver specific
toxin leading to acute and active liver disease!®.
Hepatic parenchyma cell damage is reflected by
increased serum ALT and AST levels, while high
increases in the ALP activity reflects a dysfunc-
tion of the biliary system'®. The hepatic blood
inflow (portal blood flow plus hepatic arterial flow)
is one of the most important factors determining
hepatic function. Chin et al. demonstrated
that portal venous flow was reduced in patients
with cirrhosis and splenorenal shunts?. Howev-
er, even when portal venous flow is not reduced,
portal blood supply to the liver cells may be
reduced because of intrahepatic shunting. Por-
tal sinusoidal flow decreases with progression of
the stage of liver disease, and is significantly
reduced in the advanced stage when large in-
trahepatic portal systemic shunts develop®.
This would explain the apparent reduction in liver
enzyme values towards the end of the experiment
while blood flow countinued to decline. At this
time there is very little functional liver mass
available.

Humans with liver cirrhosis maintain normal
portal blood flow for a long time before it is finally
reduced®!%'® However, the congestion index
tended to be 2.5 times higher than in normal
subjects while the velocity is reduced. Although
the congestion index did not change significantly
in our experiments, a similar trend could be
observed. The significant changes in the con-
gestion index and portal vein diameter in human
cirrhosis occurred in the chronic stage, which
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was possibly not reached in our study due to
limited time frame. In humans, the congestion
index and the portal vein flow velocity changed
the most and may allow for a noninvasive
diagnosis of liver disease. The congestion index
is also affected by other factors including portal
venous pressure, portal vascular resistance in the
liver, portal blood flow volume, and the develop-
ment of portal systemic shunts. Invasive stu-
dies had shown that portal pressure increased
and portal flow was reduced"??.

The true incidence of liver and biliary dis-
ease in the dog is unknown and probably it is
underestimated. This may be due to the inabil-
ity to specifically evaluate the biliary system with
current methods. Ultrasonography has proven
to be beneficial in the diagnosis of biliary

disease!™?Y,

In normal dogs, neither hepatic
arteries nor intra- or extra-hepatic biliary chan-
nels can be routinely visualised by ultrasound.
Biliary vessels can be distinguished from dilated
portal venous vessels by their extensive bran-
ching pattern compared with the straighter blood
vessels'. The presence of channels without
echogenic walls within the liver in a dog with
jaundice will lead the examiner to suspect biliary
obstruction. Gallstones, bile sludge, or neo-
plasms within the gallbladder can all be easily
identified> 19,

Doppler ultrasound provided complemental
functional information about the liver and the
biliary system which may help to minimise the
need for invasive procedures such as laparotomy
or laparoscopy. Doppler ultrasound might be a
useful tool for evaluating changes in portal blood

flow which may affect liver function.
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