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Abstract— Clinical assessment of chronic liver disease is done by Modified Child Pugh’s and Model for end-stage liver disease scoring
system. Measurement of hepatic venous pressure gradient (HVPG) and Upper Gl Endoscopy are considered the gold standards for
measurement of portal hypertension in cirrhotics. There is a need for non-invasive evaluation of portal hypertension. Ultrasonography with
colour and spectral Doppler evaluation may be an effective, rapid and inexpensive alternative.To evaluate hepatic venous waveform,
damping index, in patients of cirrhosis on Colour Doppler ultrasound, also predict severity of portal hypertension Twenty patients of chronic
liver disease were included in the study. Ultrasound and colour Doppler was done to look for hepatic venous waveform pattern and
Damping Index (Dl).Fifteen (75%) patients had monophasic waveform. Biphasic and triphasic waveforms were seen in 3 (15%) and 2
(10%) cases respectively. Fifteen patients (75%) had monophasic waveforms and majority of them were in class C. This distribution of
hepatic vein waveform was statistically significantly with the Child Pugh’s class (p<0.05). Fourteen patients (70%) had value of Damping
index more than >0.6 where majority of patients (12) belonged to class C and 2 in class B. There was a positive correlation between Child
Pugh’s total score and Damping index.Change in triphasic to monophasic waveform and DI >0.6 suggests severe liver dysfunction and is

associated with severe portal hypertension.

Index Terms— Colour Doppler ultrasound, Hepatic vein wave form, Monophasic wavefoem, Biphasic waveform,Triphasic Waveform,

Damping index, Child Pugh's score.

INTRODUCTION

Cirrhosis, is defined as an abnormal liver pathology in which
there is diffuse irreversible scarring of the liver parenchyma and
replacement by structurally abnormal nodules” [1]. The scoring
system used for predicting the cirrhosis was first introduced by
Child and Turcotte in 1964 and later revised by Pugh in 1974 [2—
5]. Cirrhosis is by far the most common cause of intrahepatic
portal hypertension. Portal venous pressure is the blood pressure
in the hepatic portal vein and the normal portal vein pressure is 5-
10 mmHg. Portal hypertension is defined by HVPG more than
5mmHg, splenic vein pressure greater than 15mmHg, or portal
vein pressure (measured surgically) greater than 20mmHg (30 cm
water) [2,5]. Portal hypertension can lead to the development of
oesophageal varices that are at risk of rupture.

Clinical assessment of chronic liver disease is done by Modified
Child Pugh’s [Table/Fig-1] and Model for end-stage liver disease
(MELD) Scoring system [Table/Fig-2]. Portal hypertension is
evaluated by invasive and non-invasive methods. Invasive meth-
ods are direct portal vein pressure and HVPG measurement. Non-
invasive methods are Ultrasonography, colour and spectral Dop-
pler evaluation, Computed Tomography (CT) scan and Magnetic
Resonance Imaging (MRI). HVPG is considered the gold stand-
ard for diagnosis of portal hypertension. Currently, the most
commonly used parameter for portal pressure is the HVPG.
HVPG is the difference between the wedged (WHVP) and the
free hepatic venous pressures (FHVP). The normal HVPG is 1-5
mmHg. Portal hypertension is pressure more than 5mmHg.
HVPG < 10 mmHg is clinically significant and is predictive of
the development of complications of cirrhosis. HVPG above 12
mmHg is a risk factor for variceal rupture. The main advantages

of HVPG are its simplicity, reproducibility, and safety. However,
HVPG measurement is an invasive procedure. Thus there is a
need for non invasive methods to accurately diagnose and predict
portal hypertension and oesophageal varices.

[Table/Fig-1]:

Child-Turcotte Pugh’s Scoring System.

1 2 points 3 points
points
Encephalopathy None Grade 1-2 Grade 3-4
Ascites None Easily Con- Poorly Con-
trolled trolled
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1 2 points 3 points
points
Bilirubin (mg/dl) <20 2-3 >3
Albumin (g/dl) >35 2.8-35 <238
Prothrombin  Time <4 4-6 >6
(sec)

Child Pugh’s scoring classes: Class A: 5-6 points; Class B: 7-9
points; Class C: 10-15 points

[Table/Fig-2]:

Model for end-stage liver disease (MELD).

Serum bilirubin (mg/dL)

Serum creatinine (mg/dL)

International Normalized Ratio (INR) for prothrombin time

(secs)

MELD equation: 9.57x loge (creatinine mg/dL)+3.78x loge (bili-
rubin mg/dL)+11.2x loge (INR)+6.43
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Colour Doppler ultrasound of the hepatic veins has emerged as a
non-invasive technique for the diagnosis of portal hypertension
and to predict oesophageal varices. The normal hepatic vein
waveform is triphasic-retrograde A wave and antegrade S and D
waves [Table/Fig-3]. Hepatic vein waveform (HVW) is classified
into 3 types - Triphasic: normal pattern, Biphasic: no reversed
flow and with or without decreased phasic oscillation and Mo-
nophasic: flat waveform. Biphasic and monophasic HVW are
associated with severe portal hypertension. Damping of the he-
patic veins is indicative of cirrhosis.

AIM

The aim of the study was to evaluate hepatic venous waveform,
damping index, in patients of cirrhosis on Doppler ultrasound,
also predict severity of portal hypertension

MATERIALS AND METHODS

This was a prospective study conducted in the Department of
Radiodiagnosis , between August 2019 to December 2019.Thirty
patients of chronic liver disease were included in the study after
obtaining an informed consent.

Patients with co-existent cardiac or respiratory disease, hepato-
cellular carcinoma, non cirrhotic portal fibrosis, acute variceal
haemorrhage, past history of endoscopic variceal liga-
tion/sclerotherapy were excluded from the study.

The patients then underwent gray-scale and colour Doppler Ul-
trasound examination.

Based on the clinical (ascites and hepatic encephalopathy) and
laboratory parameters (serum bilirubin, serum albumin, and pro-
thrombin time) the patients were divided into three classes name-
ly Child Pugh’s A,B and C according to Child Pugh’s classifica-
tion [4,5].

Gray scale and Colour Doppler Ultrasound: Ultrasound exam
ination was performed on Mindray ultrasound machine using
both convex 2-5 and linear 3-12MHz transducers. Patients were
sonographically evaluated on gray scale ultrasound for hepatic
echotexture, nodularity, hypertrophied caudate lobe, ascites and
splenomegaly. Colour Doppler of hepatic veins was done. To
trace the hepatic veins, the 2-5 MHz convex probe was placed in
the right intercostal space. Hepatic venous blood flows was rec-
orded for more than 5 seconds at the end of normal expiration or
in quiet respiration by using a 2-5 MHz transducer with Doppler
capability. Doppler waveforms were taken from the right hepatic
vein. Middle hepatic vein readings were taken when the right
hepatic vein was not well-visualized. Minimum of three record-
ings were taken and the data considered for analysis was the
mean of the readings. The hepatic vein Doppler waveform was
classified as triphasic, biphasic or monophasic depending upon
the phasicity observed. Damping index (DI) was calculated as
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minimum velocity/maximum velocity of hepatic venous wave-
form. Damping index > 0.6 was considered significant for portal
hypertension.

STATISTICAL ANALYSIS

Descriptive statistics was used to quantitatively describe the fre-
quency of various features observed in our study population. Chi-
square and Pearson correlation test was used to study the signifi-
cant difference and correlation between the variables.

RESULTS

A total of 20 patients (15 males and 5 females) were enrolled in
the study. The age group and severity of cirrhosis is summarized
in [Table/Fig-4]. Fifteen patients were found in class C,Four pa-
tients were in class B and only one patient was in class A.

[Table/Fig-4]:

Age wise distribution of patients with severity of cirrhosis (N =
20).

Child Pugh’s Class
Age Group | Statistics Total
A B C

n 0 1 6 7
26-35 years

% 0% | 25% | 40% | 45%

n 0 1 8 9
36-45 years

% 0% | 25% | 53.3% | 45%
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Child Pugh’s Class
Age Group | Statistics Total
A B C
n 1 2 1 4
46-56 years
% 100% | 50.% | 6.67% | 20.0%
Total n 1 4 15 20

n=number of patients

Eighteen patients presented with ascites, out of which 9 (50%)
had poorly controlled ascites. All these patients were noted ma-
jorly in class Child Pugh’s class C. Only two (10%) patients with
cirrhosis had hepatic encephalopathy and all were in class C.
Nine patients with cirrhosis had S. bilirubin more than 3 mg/dI
whereas 7 (35%) patients with cirrhosis were found with S. bili-
rubin less than 2 mg/dl. 13 (65%) patients had serum albumin
less than 3 g/dl and all patients were in class C. Five (25 %) pa-
tients were found with serum albumin between 3 to 3.5 g/dI,
where 4 patients were in class B and 4 patients were in class C.
Only 2 (10%) patients had serum albumin levels more than 3.5
g/dl, two patients were in class B and one patient was in class A.
18 (90.0%) patients had prothrombin time >6 sec. Out of these 18
patients, 14 patients were in class C and 3 patients were in class
B. Two (10.0%) patients had prothrombin time of 4-6 sec.

Among 20 patients, 15 (75 %) patients had monophasic wave-
form. Biphasic and triphasic waveforms were seen in 3 (15 %)
and 2 cases respectively. Fifteen patients (75%) had monophasic
waveforms and majority of them were in class C. Three patients
(15%) had biphasic waveform in which two were from class B
and one were from class C. Remaining 2 patients had triphasic
waveforms where one belonged to class B and one was in Class
C. So, as the severity of the liver dysfunction increases, as evi-
denced clinically by Child Pugh’s scoring system, change in the
hepatic vein waveform was observed from normal pattern of tri-
phasic to biphasic and/or monophasic. This distribution of hepat-
ic vein waveform was statistically significantly with the Child
Pugh’s class (p<0.05). The same has been illustrated in
[Table/Fig-5]. Fourteen patients (70%) had value of Damping
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index more than >0.6 where majority of patients (12) belonged to
class C and 2 in class B. Six patients (30%) had Damping index
<0.6; 3 were from class C, 2 were from class B and 1 was from
class A. There was a positive correlation between Child Pugh’s
total score and Damping index [Table/Fig-5]:

Hepatic venous waveforms according to Child Pugh’s class.

Child Pugh’s Class
HVD Findings | Statistics Total
A B C
Monophasic n 0 2 13 15
% 0% | 40% | 86.7% | 75%
Biphasic n 0 2 1 3
% 0% | 40% | 6.7% | 15%
Triphasic n 0 1 1 2
% 0% | 20% | 6.7% | 10%
Total n 0 5 15 20

[Table/Fig-9]:

Damping Index in various Child Pugh class
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Child Pugh’s Class
Damping index Total
A B C
Damping index
>0.6 0 2 12 14
0.6 or <0.6 1 2 3 6
Total 1 4 15 20

DISCUSSION

Cirrhosis is an end stage liver disease and it is the most common
cause of portal hypertension. HVPG measurement is invasive as
well as expensive with potential for complications in cirrhotics
with coagulopathy. Colour Doppler Ultrasound is safe radiation-
free, painless, inexpensive and repeatable method which is well
accepted by the patients. In our study of 20 patients (male=15;
female=5), most of the patients were in third to fourth decade of
life with age ranging from 26-56 years (39.53+7.32). Our series
had 15 cases in Child Pugh’s class C, 4 in class B and 1 in class
A. In a study by Bhutto et al., there were 32 (49.2%) patients in
Child-Pugh Class A, 23 (35.4%) were in Class B and 10 (15.4%)
patients were in Class C. Compared to studies done by previous
authors, our study had more number of patients in Child Pugh’s
class C. This may be due to late presentation to the hospital in
advanced stage of the disease, being a referral hospital. Twenty
eight patients had ascites and majority of them were in class C
(76.6%). Mittal et al., in their study of 50 patients found similar
association that severity of ascites correlated with the increasing
Child Pugh’s score (p<0.0001) [2]. Our study also shows similar
findings. Three patients with cirrhosis had hepatic encephalopa-
thy and all were in class C. Mittal et al., showed that higher
trends of hepatic encephalopathy was observed in patients with
hepatofugal flow in portal vein (p<0.01) and also the Child
Pugh’s score was significantly higher in patients with a reversed
flow in portal vein. Our study showed similar findings to Mittal
IJSER © 2020
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et al in relation to serum bilirubin, albumin and prothrombin
time.

We did colour Doppler evaluation of hepatic veins in all our pa-
tients and found monophasic pattern in 15(75%) patients, bipha-
sic in 3(15%) and triphasic in 2(10%) patients. On correlating
this hepatic venous waveform pattern with Child Pugh’s scoring
system we found out of 15 patients in class C, Thirteen (87%)
had monophasic waveform, two (8.7%) had biphasic waveform.
In class B, two patients each had monophasic, biphasic and one
tirphasic waveform. Whereas the only patient in class A had one
triphasic waveform. As the Child Pugh’s score increased, there
was conversion of normal triphasic waveform into biphasic to
finally monophasic. Hence the relationship of these waveforms
had a significant correlation with the Child Pugh’s class (p<0.05).
Similar results were observed by Bhutto et al., in their research
involving 65 patients. They concluded that relationship of these
waveforms had significant relation with hepatic dysfunction (p <
0.012) whereas was insignificant in grading oesophageal varices
(p 0.29). Baik et al., in their study on 78 patients found abnormal
hepatic vein waveforms in 72 patients [9]. Forty four patients had
biphasic, 28 had monophasic and 6 had normal triphasic wave-
form. They concluded mean HVPG of 14.6+4.3mmHg is sugges-
tive of severe portal hypertension, which was observed in
35(45%) of their patients. They also concluded that monophasic
venous flow was associated with severe portal hypertension
(HVPG > 15mmHg) and was statistically significant (p<.01).
Results of our study and Baik et al., are comparable. In our study,
we used Child Pugh’s scoring system to correlate severity of liver
disease with hepatic venous waveform whereas Baik et al., used
both non-invasive and invasive methods to show correlation be-
tween the abnormal hepatic vein waveform and increase in
HVPG. Studies by Sudhamshu et al., and Joseph et al., could not
establish any correlation between severity of liver disease and
hepatic venous waveform. Their studies showed that the flat
waveforms have no diagnostic value and suggested that role of
hepatic blood flow seems to be important suggesting haemody-
namic changes rather than liver dysfunction as a plausible cause
of change in waveforms. However, Joseph et al concluded that
loss of triphasic hepatic venous waveform is highly sensitive in
predicting significant varices in patients with cirrhosis.

Damping index (DI) is the ratio between the minimum velocity
and maximum velocity of the hepatic venous flow. DI > 0.6 was
suggestive of portal hypertension. Higher DI values tend to give
flat hepatic venous waveforms. In our study DI was 0.02-0.90
(0.702+ 0.21). Positive correlation was found between Child
Pugh’s total score and DI, therefore higher the Child Pugh’s
score, higher was the Damping index value (r = 0.614; p<0.05).
Kim et al., in their study of 76 patients found abnormal hepatic
venous waveforms in 66 patients (86.8%). They also found that
DI significantly correlated with the grade of HVPG, i.e. with
higher HVPG increased DI was observed (p<0.01). They con-
cluded that Damping index of the HV waveform by Doppler ul-
trasonography is a non-invasive supplementary tool in evaluating
the severity of portal hypertension.
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Joseph et al., showed that sensitivity of loss of the normal tri-
phasic waveform in detecting large varices is high (95.23%). The
negative predictive value is high (75%) although the positive
predictive value (42.6%) and specificity (10%) are low. In class
B. one patient had collaterals at splenic hilum and other patient
had paraumbilical collateral. In class C, 14 patients had no other
collaterals, 5 had collaterals at splenic hilum and three patients
had paraumbilical collateral. This distribution of patient with
other collaterals was not significantly associated with Child
Pugh’s score.

LIMITATIONS AND FUTURE PROSPECTS

The study population was small in our study. Upper Gl endosco-
py was not done in all cases to identify varices in our study. Also,
HVPG was not done in all cases because of resource constraint
and lack of expertise in our institute. Sick patients could not be
transferred to higher centre for these investigations. Future stud-
ies with damping index ratio (DI ratio= DI expiration/DI inspira-
tion), and difference (ADI = DI inspiration — DI expiation) can be
done to look for the sensitivity and specificity in predicting portal
hypertension.

CONCLUSION

At present, the gold standard for the measurement of portal pres-
sure is HVPG, which is an invasive procedure with several other
drawbacks. So there is need to replace invasive procedure by
noninvasive methods, which have maximum accuracy, with none
or minimal side effects. Hepatic venous waveform pressure
changes and DI have significant relation with the severity of he-
patic dysfunction which is measured by Child Pugh’s scoring
system. We would like to conclude by saying that Doppler ultra-
sound may be an excellent non-invasive modality for the assess-
ment of severity of liver disease.

REFERENCES

[1] Anthony PP, Ishak KG, Nayak NC, Poulsen HE, Scheuer PJ,
Sobin LH. The morphology of cirrhosis: definition, nomencla-
ture, and classification. Bull World Health Organ. 1977;55:521—
40. [PMC free article] [PubMed] [Google Scholar]

[2] Mittal P, Gupta R, Mittal G, Kalia V. Association between
portal vein colour Doppler findings and severity of disease in
cirrhotic patients with portal hypertension. Iran J Radi-
ol. 2011;8:211-17. [PMC free article] [PubMed] [Google Schol-
ar]

[3] Schiedermaier P. Splanchnic haemodynamics: cirrhotic versus
non-cirrhotic portal hypertension. Journal of Gastroenterology
and Hepatology. 2004;19:150-54. [Google Scholar]

[4] Child CG, Turcotte JG. The liver and portal hyperten-
sion. Philadelphia: Saunders; 1964. [Google Scholar]

[5] Pugh RN, Murray-Lyon IM, Dawson JL, Pietroni MC, Wil-
liams R. Transection of the oesophagus for bleeding oesophageal
varices. Br J Surg. 1973;60:646-49. [PubMed] [Google Scholar]
[6] Wilson SR, Withers CE. Diagnostic ultrasound. 3rd ed. St.

IJSER © 2020

http://www.ijser.org


http://www.ijser.org/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4800619/#b9
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2366674/
https://www.ncbi.nlm.nih.gov/pubmed/304393
https://scholar.google.com/scholar_lookup?journal=Bull+World+Health+Organ&title=The+morphology+of+cirrhosis:+definition,+nomenclature,+and+classification&author=PP+Anthony&author=KG+Ishak&author=NC+Nayak&author=HE+Poulsen&author=PJ+Scheuer&volume=55&publication_year=1977&pages=521-40&pmid=304393&
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3522358/
https://www.ncbi.nlm.nih.gov/pubmed/23329943
https://scholar.google.com/scholar_lookup?journal=Iran+J+Radiol&title=Association+between+portal+vein+colour+Doppler+findings+and+severity+of+disease+in+cirrhotic+patients+with+portal+hypertension&author=P+Mittal&author=R+Gupta&author=G+Mittal&author=V+Kalia&volume=8&publication_year=2011&pages=211-17&pmid=23329943&
https://scholar.google.com/scholar_lookup?journal=Iran+J+Radiol&title=Association+between+portal+vein+colour+Doppler+findings+and+severity+of+disease+in+cirrhotic+patients+with+portal+hypertension&author=P+Mittal&author=R+Gupta&author=G+Mittal&author=V+Kalia&volume=8&publication_year=2011&pages=211-17&pmid=23329943&
https://scholar.google.com/scholar_lookup?journal=Journal+of+Gastroenterology+and+Hepatology&title=Splanchnic+haemodynamics:+cirrhotic+versus+non-cirrhotic+portal+hypertension&author=P+Schiedermaier&volume=19&publication_year=2004&pages=150-54&
https://scholar.google.com/scholar_lookup?title=The+liver+and+portal+hypertension&author=CG+Child&author=JG+Turcotte&publication_year=1964&
https://www.ncbi.nlm.nih.gov/pubmed/4541913
https://scholar.google.com/scholar_lookup?journal=Br+J+Surg&title=Transection+of+the+oesophagus+for+bleeding+oesophageal+varices&author=RN+Pugh&author=IM+Murray-Lyon&author=JL+Dawson&author=MC+Pietroni&author=R+Williams&volume=60&publication_year=1973&pages=646-49&pmid=4541913&

International Journal of Scientific & Engineering Research Volume 11, Issue 6, June-2020

ISSN 2229-5518

Louis, Missouri: Elsevier Mosby; 2005. [Google Scholar]

[7] Bosch J, Garcia-Pagan JC, Berziogotti A, Abraldes JG. Meas-
: ' : HV management of

Dis. 2006;26:348—

OUS pressure gra-
# J Gastroenter-

) YJ, Park JW, et
Ebatic Vein Wave-
lension and Vaso-
y. 2006;240:574—

[1] Figure 3c colour doppler showing monophasic waveform

http://www.ijser.org

1628


http://www.ijser.org/
https://scholar.google.com/scholar_lookup?title=Diagnostic+ultrasound&author=SR+Wilson&author=CE+Withers&publication_year=2005&
https://www.ncbi.nlm.nih.gov/pubmed/17051449
https://scholar.google.com/scholar_lookup?journal=Semin+Liver+Dis&title=Measurement+of+portal+pressure+and+its+role+in+the+management+of+chronic+liver+disease&author=J+Bosch&author=JC+Garcia-Pagan&author=A+Berziogotti&author=JG+Abraldes&volume=26&publication_year=2006&pages=348-62&pmid=17051449&
https://www.ncbi.nlm.nih.gov/pubmed/18695309
https://scholar.google.com/scholar_lookup?journal=Indian+J+Gastroenterol&title=Hepatic+venous+pressure+gradient+measurement:+Time+to+learn!&author=A+Kumar&author=P+Sharma&author=SK+Sarin&volume=27&publication_year=2008&pages=74-80&pmid=18695309&
https://www.ncbi.nlm.nih.gov/pubmed/16864678
https://scholar.google.com/scholar_lookup?journal=Radiology&title=Recent+Variceal+Bleeding:+Doppler+US+Hepatic+Vein+Waveform+in+Assessment+of+Severity+of+Portal+Hypertension+and+Vasoactive+Drug+Response&author=SK+Baik&author=JW+Kim&author=HS+Kim&author=SO+Kwon&author=YJ+Kim&volume=240&publication_year=2006&pages=574-80&pmid=16864678&



