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Abstract

Background: Obstructive jaundice affects a significant
portion of people with injurious effect on the liver.

Aimof Sudy: The study aimed to study the impact of
biliary drainage on hepatic blood follow.

Patients and Methods: This was a prospective study,
conducted from January 2018 to December 2018. Thirty-six
patients with biliary obstruction aged 21-72 years, 26 out of
them have calcular obstructive jaundice, and the rest of the
patients have malignant biliary obstruction. The majority of
cases were non-cirrhotic (32 versus 4). Liver tests; (bilirubin
level, alkaline phosphatase, GGT, albumin, INR, ALT and
AST), and Kidney function tests (blood urea and serum
creatinin) and CBC were done. Plus, other pre-ERCP assess-
ments were done. Abdominal Ultrasonography (US) and
Doppler study of portal and hepatic veins and hepatic artery
with measurement of Hepatic artery Resistive Index (RI),
Portal vein diameter and congestive index were done, CT and
MRCP if indicated and ERCP for all patients. Two weeks
after ERCP, all included patients underwent repetition of the
same |aboratory and Doppler US.

Results: Significant changesin patients' laboratories and
in liver hemodynamics were noticed after biliary drainage.

The mean values of hepatic artery Rl were significantly
higher and mean values of portal vein maximum velocity (V
max) were lower in studied patients before and after biliary
drainage.

Conclusions: Liver hemodynamics measured by Doppler
Ultrasound of hepatic artery Rl & V. max of portal vein may
be a good predictor of liver injury in biliary obstruction.

Key Words: Endoscopic — Biliary drainage — Intrinsic — Blood
Flow.

Introduction

BILIARY tract disorders of the affect a significant
portion of the worldwide population, and the over-
whelming majority of cases are attributable to
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cholelithiasis or primary cholidechlithasis (gall-
stones). In United States; 20% of persons older
than 65 years have gallstones with one million
newly diagnosed cases are reported annually [1].

Biliary obstruction often occurs in various
diseases including migrating gallstones or pancre-
atic and hepato-cholangial tumors [2].

Un-treated biliary obstruction causes liver in-
jury, cellular necrosis, bile ductular epithelial
proliferation and activation of stellate cells followed
by liver fibrosis and biliary cirrhosis [34].

Possible causes of cholestatic liver injury are
argued to hepatic expression of inducible Nitric
Oxide Synthase (iINOS) and the marked increase
blood level of endotoxin [5].

Nitric oxide induced by iNOS plays two oppo-
siteroles; while it protects the liver and other
tissues, it could also cause impairments of these
tissues [6,7].

Theimpairment of bile flow into the intestine
enhances bacteria translocation across the intestinal
mucosa and sometimes causes lethal endotoxemia
[89].

Doppler ultrasound has prompted simple non-
invasive and physiologic studies of liver hemody-
namics. An excellent correlation between Doppler
blood flow measurements and the values obtained
with electromagnetic flow-metry indicates the
accuracy and clinical use of Doppler estimation
[10] . However, recent improvementsin Doppler
systems have make it possible to visualize the
hepatic artery clearly [11].

It iswell known that portal venous blood flow,
but not hepatic arterial blood flow, is the major
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driving force for the development of atrophy/
hypertrophy complex of the liver [12,13].

Other causes of hepatic artery enlargement
include intra-hepatic arterio-venous shunting (vas-
cular neoplasms), hereditary hemorrhagic tel-
angectasia, and chronic active hepatitis [14].

Color and spectral Doppler are used in conjunc-
tion with grayscale imaging of to identify hepatic
blood vessels and assess for presence and direction
of flow. In addition, Doppler is used to evaluate
the dynamics of flow within the vessdl [15].

Liver diseases alter the liver parenchyma, which
inturn, atersarterial blood flow, thus, Doppler
studies should be performed to determine the pa-
renchymal liver abnormalities. Once the presence
of liver disease has been established, Doppler study
can be used assess the severity of injury and to
monitor progression [16-19] .

Aim of the study:

We aimed to study the impact of successful
endoscopic biliary drainage on the intrinsic hepatic
blood flow measured by Doppler ultrasound in
patients with biliary obstruction.

Patients and M ethods

Sudy design:

This prospective study was conducted between
January, 2018 and June, 2018. 36 patients with
biliary obstruction aged 21-72 years, 26 out of
them had biliary obstruction secondary to CBD
stones, the rest of the patients have biliary obstruc-
tion caused by malignant causes. The majority of
cases were non-cirrhotic (32 versus 4). Through
medical examination was done for all patients.

All included patients wer e subjected to the
following:

Laboratory investigations: included liver tests
(Bilirubin level, alkaline phosphatase and Gama
Glutamyl Transpeptidase (GGT), albumin, pro-
thrombin time, concentration and INR, alanine
aminotransferase (ALT) and aspartate aminotrans-
ferase (AST), Kidney function tests (blood urea
and serum creatinin) and complete blood count in
addition to the other pre-ERCP procedure routine
laboratory assessment.

Imaging: Abdominal ultrasonography (US) and
Doppler study of portal and hepatic veins and
hepatic artery with measurement of Hepatic artery
Resistive Index (RI) & Portal vein diameter and
congestive index were done. All examinations were
performed following overnight fasting. A combined
ultrasonic B-mode/Doppler system (Toshiba Xairo

SSA-606A duplex system, Tokyo, Japan) with a
sector-type probe was used for the ultrasonic eval-
uation. The CT and MRCP were done if indicated.

C-Endoscopic Retrograde Cholangio-
Pancreatography (ERCP):

All included patients underwent drainage of
obstructed biliary system through therapeutic Duod-
enoscope; Olympus, Exera TJF 190, Tokyo, Japan
with use of different interventional procedures as
lithotripsy, stenting or dilatation.

[11- Follow-up:

Two weeks after ERCP procedures, al included
patients underwent repetition of the same laboratory
workup: Liver tests, Kidney function tests, Com-
plete Blood Count (CBC). Abdominal ultrasonog-
raphy (US) and Doppler study of portal and hepatic
veins and hepatic artery with re-measurement of
Hepatic artery Resistive index (RI) and portal vein
diameter and congestive index were repeated.

IV- Ethical approval:

The study started after approval of the scientific
and ethical committee of our institute and awritten
consent was taken from each patient before starting
the study.

Satistical analysis:

The patients data before & after biliary drainage
were collected, and analyzed using SPSS (statistical
package for social science) version 26. In which
descriptive stetistics [e.g. percentage (%), mean
(X) and Standard Deviation (SD)] were done. Also
analytical statistics using the following tests Student
t-test and Mann Whitney U-test were done to
compare mean value of two groups with quantita-
tive variables either normally or non-normally
distributed respectively. Also Wilcoxon Signed
Rank tests were used to compare 2 pairs of meas-
urements of quantitative data non-normally distrib-
uted variables. Spearman correlation (r) was used
to measure the associ ation between two not nor-
mally distributed quantitative variables or one
quantitative and one qualitative ordinal variable.
And for all the above tests p-value of <0.05 was
considered statistically significant.

Results

Demographics of studied patients according to
age, gender, cause of hiliary obstruction, associated
viral hepatitis and symptoms at time of presentation
were shown in (Table 1). Two weeks |ater the same
laboratory and radiol ogic assessment was repeated
for all enrolled patients (Table 2). Significant
changesin patients laboratories and in liver hemo-
dynamics were noticed after biliary drainage.
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Correlation between changes of different pa-
tients parameters with liver hemodynamics after
biliary drainage and CBD diameter was shown in
(Table 3).

The mean values of hepatic artery Rl were
significantly higher and mean values of portal vein
maximum velocity (V. max) were lower in studied
patients with liver cirrhosis before and after biliary
drainage Figs. (1,2).

Comparison between liver hemodynamicsin
patients with and without liver cirrhosis before
and after biliary drainage was shown in (Table 4).

Correlation of changes of liver hemodynamics
after biliary drainage with the initial cause of
obstruction was shown in (Table 5).

Table (1): Descriptive statistics of studied variables.
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Table (2): Differences between |aboratory investigations and
radiological findings pre and post biliary drainage.

Number of studied patients

(N=36)

Agelyear:

Mean £ SD 45,56+ 16.58

Range 19-85

No. %

Gender:

Male 17 47.2

Female 19 52.8
Cause of biliary obstruction:

Choledochoalithiasis 22 61.1

Benign stricture 4 111

Pancreatic tumor 3 8.3

Cholangiocarcinoma 6 16.7

HCC 1 2.8
Chronic HCV infection:

Positive 4 111

Negative 32 88.9
Chronic HBV infection:

Positive 0 0.0

Negative 36 100
Liver cirrhosis:

No 32 88.9

Yes 4 111
Diabetes mellitus:

No 30 83.3

Yes 6 16.7
Clinical presentations:
Fever:

No 18 50.0

Yes 18 50.0
Abdominal pain:

No 3 8.3

Yes 33 91.7
Jaundice:

No 1 2.8

Yes 35 97.2

The studied cases
N=36 p
value
Beforedrainage After drainage
ALT:
X +SD 98.28+52.37 62.86+£27.68 <0.01#
Range 11-282 16-131
AST:
X +SD 107.69+79.53 64.61+35.58 <0.01#
Range 12-478 14-170
Bilirubin:
X +SD 9.19+6.54 3.19+£2.30 <0.01#
Range 1.39-23.4 0.6-8
Alkaline
phosphatase:
X +SD 246.61+105.47 122.56+48.23 <0.01#
Range 95-684 67-297
GGT:
X +SD 167.03+£108.62 69.31+45.85 <0.01#
Range 47-579 10-199
Albumin:
X +SD 3.64+0.54 3.68+£0.48 0.045
Range 2.3-45 2544
Prothrombin
time:
X £ SD 13.19+£1.60 13.03£1.22 0.20
Range 11-16 11-15
WBCs:
X *SD 7130.6+3911.5 5225.0+2638.1 <0.01#
Range 3000-20800 3100-18000
Platelets (X103):
X +SD 267.0+£102.5 263.9+94.4 0.25
Range 120-641 122-580
Hb:
X +SD 115+11 11.98+0.98 <0.01
Range 8.8-13.8 9.7-14
RI:
Mean £ SD 0.63+0.06 0.60+£0.05 <0.01
Range 0.56-0.79 0.55-0.71
V max: <0.01
Mean £ SD 23.61+4.76 32.36+£5.58 ’
Range 13-31 20-40
CBD diameter:
<0.01
Mean £ SD 16.03+£2.83 5.92+1.93
Range 12-25 4-8

#: Wilcoxon test was used while other variables paired t-test was
used to measure the association.
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Table (3): Spearman correlation between Rl and V. max with age, laboratory investigations and
CBD diameter readings pre and post biliary drainage.

RI V. max

Studied variables Beforedrainage  After drainage  Beforedrainage  After drainage

r p-value r p-value r p-value r p-vaue
Age 0.66 <0.01** 0.70 <0.01** -0.38 0.02* —-0.50 0.002**
ALT -0.12 0.49 0.07 0.68 0.05 0.78 0.006 0.97
AST -021 023 -0.11 051 0.11 0.53 0.12 0.50
Bilirubin 059 <0.01** 061 <0.01** -043 0.009** -0.55 <0.01**
Alkaline phosphatase 0.02  0.92 -0.02 0.89 -0.17 0.33 -0.09 0.61
GGT -0.17 0.33 -0.22 0.20 -0.08 0.63 0.06 0.71
Albumin -0.38 0.02* -0.37 0.03 0.45 0.005**  0.46 0.005*
Prothrombin time -0.16 0.35 0.11 0.51 022 0.19 0.05 0.38
WBCs 020 025 0.16 0.35 -031 0.07 -0.38 0.02*
Platelets (X 103) -0.03 0.88 -0.10 055 -0.09 0.58 -0.02 091
Hb -0.34 0.04 -0.37 0.03* 0.44 0.007** 0.36 0.03*
CBD diameter 0.07 0.67 0.05 0.77 0.05 0.79 0.07 0.69

r: Spearman's correlation coefficient.

Table (4): Association between radiol ogical findings and
cirrhosisin studied patients.
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Table (5): Association between causes of hiliary obstruction
and radiological findings before and after biliary

drainage.
Cirrhosis p-
o (Nog2 Ve (Nt value Cause of biliary obstruction
0 (N=32) es(N=4) Benign Malignant vg-ue
RI (before): (N=26) (N=10)
Mean = SD 0.62+0.05 0.70£0.02 0.01* RI (before):
Range 0.56-0.79 0.69-0.72 Mean * SD 0.61+0.05 0.68+0.06 0.002**
Range 0.56-0.72 0.58-0.79
RI (after):
Mean * SD 0.59+0.04 0.68+0.02  0.006** RI (after):
Range 0.55-0.71 0.66-0.70 Mean £ SD 0.58+0.04 0.64+0.05 0.001**
Range 0.55-0.77 0.57-0.71
V max (before):
V max (before):
'\R"ea“ £SD 21‘:;'221’4'82 13;21' 15 006 Mean +SD 2510+473  19.73+170 0.002**
ange - - Range 13-31 16.3-22.0
V max (after): V max (after):
Mean + SD 33.03£549  27.0+2.94  0.049* Mean * SD 34.57+4.65 26.60+3.13  <0.001**
Range 20-40 23-30 Range 23-40 20-30
Mann Whitney test was used. Mann Whitney test was used.

Fig. (1): (A,B,C): Theresistivity index of hepatic artery was 0.77, the Vmax of portal vein was 23cm/sec and the

Vmax of hepatic vein was 37cm/sec.



Mahmoud Allam, et al.

5139

Fig. (2): (A,B,C): Theresistivity index of hepatic artery was 0.7, the Vmax of portal vein was 12.3cm/sec and
the V max of hepatic vein was 14.2cm/sec (2 weeks after ERCP).

Discussion

National Liver institute-Menoufia University
isamajor tertiary referral center for Endoscopy
and Liver diseases. We prospectively followed 36
patients with biliary obstruction; 17 patients
(47.2%) were males and females were 19 (52.8%)
and. Their ages ranged from 19 to 85 years with
amean of 45.56+ 16.58 years.

Doppler USis a preferable imaging method
because it is noninvasive, inexpensive, and easily
repeatable and it can display hemodynamic changes
easily by assessing the blood flow rate and flow
characteristics [20] .

In this study, we used color Doppler ultrasound
system to determine the changes in hepatic hemo-
dynamics after biliary drainage by measuring he-
patic artery resistive index & portal vein maximum
velocity.

In our seriesthe etiology of obstructive jaun-
dice was benign in 26 (72.2%) cases, whereas 10
patients (27.8%) had malignant causes. Choledo-
cholithiasis was the commonest cause among the
benign group in 22 (61.1%) patients, whereas the
commonest tumor among the malignant group
was Cholangiocarcinomain 6 (16.7%) patients
(Table 1).

In our study the efficacy of ERCP was consid-
ered sufficient when the diameter of the CBD
decreased close to normal values (8mm). The mean
values of CBD diameter were 16.03+2.83mm
before drainage that decreased significantly to
5.92+1.93mm in 14 days post ERCP (p<0.001)
(Table 1).

By correlation of different pre-& post-emptive
parameters with changesin liver hemodynamics
we found that: The mean values of the total serum
bilirubin decreased significantly from 9.19+6.54
mg/dl to 3.19+2.30mg/dl within 14 days following
biliary drainage (p<0.001) (Table 2).

By correlating serum bilirubin with liver hemo-
dynamics (Rl & V.max): A significant correlation
between the rate of increase of V.max of portal
vein & decrease of R.I of hepatic artery and the
rate of decrease of total bilirubin (p<0.001) (Tables
2,3).

Hemoglobin level and WBCs count significantly
improved after biliary drainage and decrease of
resistive index. This can be argued to effect of
restoration of bile flow back to the gut. Biliary
drainage improves the patient quality of life and
increases appetite. Also, there was significant
correlation between the reduction of CBD after
biliary drainage and increase of V.max of portal
vein (Table 3).

The decrease of liver enzymes (ALT, AST, ALP
and GGT) after biliary drainage did not correlate
with the increase of V.max of portal vein and
decrease RI of hepatic artery (Tables 2,3).

In our series the changes occurred in liver
hemodynamics didn't correlate with changes oc-
curred in CBD diameter after drainage (Tables
2,3).

In our study; the mean hepatic artery Resistive
Index (RI) was 0.70+0.02 in cirrhotic patients
which was significantly greater than in non-cirrhotic
and decreased after drainage (Table 4).
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The mean values of hepatic artery resistive
index in patients with cirrhosis were greater than
in patients without cirrhosis pre-& post biliary
drainage (Table 4).

Also the mean value of V. max of portal vein
in cirrhotic patients was 0.68+0.02cm/s. It increased
significantly to 27.0+2.94cm/s post-drainage (Table
4).

In this study, the mean value of V max increased
significantly after drainage with significance
(p<0.001). These results agree with results of
Kanda et al, who stated that V. max increase after
14 days of biliary drainage [21] . Gaiani et al.,
demonstrated a significant difference between
cirrhotic and non-cirrhotic casesin terms of Portal
Vein Velocity (PVV) [22].

In this study: By correlating the serum bilirubin
with liver hemodynamics; Rl & V.max, we dem-
onstrated a correlation between the rate of increase
of V. max of portal vein & decrease of R.I of
hepatic artery and the rate of decrease of total
bilirubin (p<0.001) (Tables 2,3).

Also, we found a significant decrease of liver
enzymes (ALT, AST, ALP and GGT) after biliary
drainage with the increase of V. max of portal vein
and decrease RI of hepatic artery after biliary
drainage (Table 2).

On the same way, the decreasein CBD diameter
correlated with changes of liver hemodynamics
after drainage. The study showed there was no
correlation between patients with hepatitis infection
& changesin liver hemodynamics after biliary
drainage.

By correlating causes of biliary obstruction
with changesin liver hemodynamics, there was a
positive correlation between the degree of increase
of V.max of portal vein & decrease of RI of hepatic
artery with the initial cause of biliary obstruction.
And by correlating changes occurred in liver he-
modynamic (Rl &V.max) after biliary drainage
with theinitial cause of biliary obstruction, we
found a significant correlation between the rate of
increase of V.max of portal vein & decrease of R.I
of hepatic artery with the causes of biliary obstruc-
tion (Table 5).

We lack similar results in human, however
many authors found similar datain animal world
[9,18,23-29] .

Possible explanation of the above studied he-
modynamic changes came from a study done by
Diaset al., who studied the effect of biliary ob-

struction in rats. They found that biliary obstruction
causes morphologic and functional aterations of
the liver function, plus a concomitant reduction in
portal flow and increase of plasma NO and hepatic
tissue malondialdehyde [29] .

The limitations of our study included small
number of patients and some of the studied patients
were cirrhotic that might affect the hemodynamics
of blood flow of theliver.

Conclusions:

Biliary obstruction can cause liver injury in
different ways. Liver hemodynamics measured by
ultrasound Doppler of hepatic artery Rl & V.max
of portal vein may be a good predictor of liver
injury before and its improvement after biliary
drainage in patients with extrahepatic biliary ob-
struction.

The clinical implications could be postul ated
for centers with high volume ERCP examination
to decrease the waiting time for patients with biliary
obstruction as much as possible to minmize liver
injury associated with biliary obstruction.
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