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INTRODUCTION



INTRODUCTION

Chronic liver disease and its complications are ulaty
encountered in the medical wards. Regardless otdlse of the initial
insult, fibrosis becomes the main component of mir@lamage to the

liver.

Hepatic fibrosis and its secondary complications dynamic
processes that in certain situations can be rdlersprovided that the

underlying insult has been removed.

One of the most common complication is portal higresion.
Direct consequences are ascites, splenomegalyceahribleeding,
hepatorenal syndrome and portal hypertensive gastng. It is also
implicated in spontaneous bacterial peritonitis, atbpulmonary
syndrome, hepatic encephalopathy. The importang®iél hyertension
and its complications is reflected by the fact th& one of the common
causes of death and liver transplantation in ptievith chronic liver

disease.

Knowledge of portal hyertension and its severityesy essential
for assessment of progression of disease and psEgnb also aids in

determining the need for invasive procedure forguaastic and



therapeutic intervention, optimisation of treatmestd to estimate its

response.

Measuring HVPG is very ideal to diagnosis and tadgrseverity.
But the drawback of this procedure is its invasesm leading to
complications. So, a simple, routinely availablesteeffective method for

severity assessment of portal hypertension woulattoactive.

The most frequently ordered laboratory investigatic the
complete blood count, which reports the cell coualtsng with their
morphological indices. Red cell distribution widthan estimate of the
variation of RBC size. Recent reports indicate tektvated RDW is
associated with a higher risk of mortality. Impdirgon mobilisation,
inflammatory stress, and various other factorsdd¢adncreased RDW. It
has been found that in hepatic cirrhosis, exprassigro-inflammatory
cytokines is regulated by ferritin. These cytokin@xrease the
heterogenecity of RBC maturation and further impaint, which leads to

an increase in RDW.

Child-Turcotte-Pugh score which indicates the sgvesf liver
disease, has also been used to prognosticate tsatigth cirrhosis. Its
five variables and three classes categorise thenpsiinto mild, moderate

and severe stages, thereby accounting for mortaity



This study aims to assess the severity of portaglettgnsion in
chronic liver disease, using a simple haematolbégesameter, RDW,
which is inexpensive, and to compare the same @iitid Turcotte Pugh

score.
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AIMS AND OBJECTIVES

e To study the role of Red cell Distribution Width I®R/) in
predicting the severity of portal hypertension ihranic liver

disease

» To correlate Red cell Distribution Width with GthiTurcotte Pugh

score and portal Doppler.
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REVIEW OF LITERATURE

Chronic Liver Disease and Cirrhosis:

Liver disease may pose a serious threat to the contynbecause
of its high prevalence worldwide and unfavorabletcome, which
includes premature deaths from liver decompensateimhosis, and
HCC. Chronic liver disease and cirrhosis may oc¢ouany people in the
community regardless of age, sex or race. Mostlprb liver disease
(CLD) may lead to cirrhosis and this cirrhosis nmeyentually lead to
several complications like ascites, portal hypesimm hepatic
encephalopathy leading to a profound morbidity antbrtality
worldwide. However, the geographic variation playscrucial role in
determining the incidence and prevalence of hemhsieases worldwide
which is mainly based on the prevalence of causafactors in a
particular environment. The major causative factorshe development
of chronic liver disease eventually leading to ledgis are as follows:
Viral hepatitis (mainly Hepatitis B,C), alcohol ahthRSH (non-alcoholic
steatohepatitis). This again may split into 2 didfg classes like that
alcohol and NASH are the leading causes of CLD antbe developed
countries while Viral hepatitis that too especidfigpatitis B is one of the
major causative factors for CLD among the develgpitountries

.(1)Other causes include hepatotoxins, immune-redlidiver injury,
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Genetic abnormalities. One of the major complicaiof cirrhosis is
portal hypertension which itself is a life-threaten condition. This
review outlines the importance of chronic liveredises and its impact on

the development of portal hypertension globally enbhdia.(2—4)

Burden of CLD worldwide:

In 2001, an average estimate of around 771,000 Ipedied
because of CLD placing it as the 14th leading cafiskath in the world
scenario and 10th leading cause of death amondeteoped countries.
In a global survey it has been estimated that afdbha year 2020, CLD
may become the 12th leading cause of death in tr&lwThe mortality
rates were in the higher range in the mid-1970’e thu the increased
alcohol consumption mainly in the European and Arae&r countries.
Later there was a declining phase around 1980’staludecrease in the
alcohol consumption among the people. Recent reppodgest there was
a steep increase in the mortality rates due tohasis which was
invariably due to overt increase in alcohol intatkehe west and also in
many developed countries. If we take into accourd tleveloping
countries, the causative factor mainly being hépaB virus (HBV)
infection. HBV is a global burden affecting 2 ol people of which
around 350 million people were the chronic HBV eats. HBV is more
prevalent in the Southeast Asia, china, AlaskauPeorthwest Brazil.

6



Even though HBV plays a major role in the etiolagfyCLD, recently
there has been an increasing trend in the developoiédNASH and non-
alcoholic fatty liver disease (NAFLD). NAFLD is amdition which may
range from simple hepatic steatosis to advancedibrand CLD. NASH
leads to hepatic steatosis which is often misseddrdiagnosis leading to
mortality. NASH commonly occurs in patients witheslity, diabetes, and
dyslipidemia. In Europe and America, there seemédaoa rise in the
incidence of NASH due to increase in the obese latipn in those
countries. The estimated prevalence is around 3-26fb in North
America around 26% of patients are diagnosed wagpatic steatosis. In
other parts of the world, NASH ranges from 9-37%islestimated that
around 90% of people with obesity have some forrfatty liver ranging
from simple steatosis to severe forms of NASH ftinatude cirrhosis.
Patients with abnormal liver function tests withkmawn etiology have
been later diagnosed as NASH and this account80et0% of cases

according to a survey.(4)

Burden of CLD in India:

In India, viral hepatitis is one of the most im@t causes for the
development of CLD. Viral hepatitis is a major paldealth problem in
India. This has also posed a significant economicién to the country.
Among the viruses hepatitis A (HAV) and E (HEV) ydaa significant
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role. It has been stated that almost 90% of peapbuire anti-HAV
antibodies during their adolescence itself and HEMcts the pregnant
mothers and also it leads to fulminant hepatiti€@infection with HBV.
India has intermediate HBV endemicity of which 2%-4&omprises of
the carrier population. HBV have found to be thgamaause of CLD
and HCC (hepatocellular carcinoma). Chronic HB\&gation is acquired
even before 5 years of age that too mainly throghzontal transfer.
Vertical transmission of HBV has declined over thecades and it is
found to be infrequent in the recent past. HBV dggoes A and D are
prevalent in India, which shares the similarityHBV strains in the west.
HCYV infection has a prevalence of around 1% andiscpredominantly
through transfusion and the use of unsterile glagsnges. HCV
genotypes 3 and 2 are prevalent in 60%-80% of tmulation. About
10%-15% of CLD was associated with HCV infection Imdia. In
addition to this, there has been an increase innitidence of Alcoholic

liver disease (ALD) and NAFLD in the recent yed}.(

Portal hypertension worldwide scenario:

Liver cirrhosis can progress from a preclinical gdavhich is
usually prolonged over several years to a clinipabase with the
development of ascites, encephalopathy, and varldeading making
the course of the disease much shorter and usdathl. Portal
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hypertension plays a vital role in this transitimm pre-clinical to
clinical stage of the disease. It is the major eaaf bleeding-related
mortality in case of cirrhotic patients. Portal byi@nsion occurs because
of increase in the intrahepatic vascular resistaamo@ also due to the
resistance in the portal venous inflow. The notathlieical features are
mainly splenomegaly and variceal bleeding. In thesiew, it deals
mainly with the causative factors attributing te tthevelopment of portal
hypertension by architectural distortion of vessdisge to a primary
pathology in the liver which may be a hepatic fdsoof any etiology.
The contributing factors may be viral hepatitis;odlolic liver disease,
NASH and any kind of hepatotoxic drugs or toxinsickhdamages the
liver and leading to progressive hepatic fibrosig airrhosis. Thus in a
brief clinical context, oesophago-gastric varices #ne most important
collateral vessels in portal hypertension, whichergually ruptures
resulting in severe bleeding manifestations, if wadl tension reaches a
critical point. Bleeding is the leading cause ofrtality in about one-third
of cirrhotic patients. The reported prevalence sbphageal varices in
cirrhotic patients ranges between 24% and 80%, withean of about
60%.(5) Also, the prevalence of varices among thrapensated patients
was found to be around 30% and for decompensat#ehts it is about
60 %. In a study, it was found that cirrhosis wasponsible for 51% of

variceal bleeding and EHPVO (extra hepatic por&ahwbstruction) for
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34 % of variceal bleeding. However, mortality raé@e more in cases of
cirrhosis than in EHPVO. EHPVO is the leading caudevariceal

bleeding in the west.(6) Hence in a case of pdwyakrtension, it is very
essential to predict the indicators of portal hygesion at a very early
stage to prevent mortality.(7) Endoscopic proceslucerule out portal

hypertension were widely accepted for screeningbaithg an invasive
procedure it has its own limitations. Several naovasive methods have

been developed which has been further dealt inrdvigw.

Portal hypertension in Indian context:

Portal hypertension (PHT) is defined “as an incre@aseortal
pressure of >12 mmHg”. The diagnosis of esophageaices by
endoscopy is one of the important predictors ottgddnypertension as
another cause of esophageal varices is unknownindra, a study
conducted in a pediatric population has shown 76c&%es of PHT were
due to EHPVO and around 20% was due to cirrhosisas been shown
that the risk of bleeding is much more with EHP\@rt with cirrhosis.
The risk of bleeding is 80% in EHPVO and 32% intoosis.(8) Despite,
the mortality related to variceal bleeding is muggher in cirrhosis as
compared with EHPVO. Upper gastrointestinal blegditGIB) is the
most common gastroenterological emergency. Evenogthdhere were
many major advances in diagnosis and treatmentBUW&hains a serious
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problem in the routine clinical practice with a nadity of 3% to 14% in
the recent years. Therefore, it is very importangtide the diagnosis
towards a variceal or non-variceal bleeding eveforeeperforming an

endoscopy.(9)

Alcohol and Chronic liver disease:

Alcohol is well-known hepatotoxin consumed worldeicesulting
in morbidity and mortality of the community. Amorigose conditions
affecting the community, alcoholic liver diseasenttibutes to a greater
extent which may vary from a simple steatosis tohosis of the liver.
Alcohol abuse has led to around 2.5 million deahs 69.4 million
annual disability adjusted life year. There isrargg association between
the prevalence of cirrhosis and a country’s anmeal capita alcohol
consumption. The annual per capita consumptionesafrom one
geographical region and the following graphs of WHi@picts the

differences.
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Figure 1: Proportion (%) of current drinkers, former drinkers, and life-time abstainers
among the total population (15+ years) by WHO regio and the world

I Current drinkers
B Former drinkers
M Lifetime abstainers

Percentage of total population

EUR

WHO Region
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Figure 2: Five year change in recorded alcohol p-capita (15+ years) consumption

2006-2010
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Figure 3: Total alcohol per capita (15+ years) consumption by WHOe&gion,
2010-2025

Litres of pure alcohal

Years
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On a broader perspective, Alcoholic liver diseasg progress as a
fatty liver (simple steatosis) followed by alcolwlhepatitis, hepatic
fibrosis, and finally to cirrhosis. Alcoholic heigg may not develop in
all the persons who consume agreater quantity aghal. It has been
suggested that among 90% of heavy drinkers oniyialer proportion of
people (around 10-35%) might develop severe comupbias with the
worst prognosis. Even the duration, frequency, arhoof alcohol
consumption as well as the type of alcohol consumeag decide the
prognosis of ALD. Recent meta-analysis results sagggn average of 25
grams of pure alcohol consumption may lead to theelbpment of
cirrhosis (higher risk) when compared to non-drisk®espite this, only
an average of around 10-20% people (80g pure dlootmsumption)
have the risk of ending up with cirrhosis.(10) Gendlso plays an
important role in the development of cirrhosis, veanare more prone for
cirrhosis than men even with shorter duration @abhbl consumption.

The mechanism that has been postulated for tlais fsllows:

> Lower total body water content in females than male
» Lower activity of gastric alcohol dehydrogenase

» Higher body fat content

15



Genetic factors like change in the DNA codingioa in CD14
and a newer genotype PNPLA3 rs738409 (G/G) wasceded with

cirrhosis.(11)

Viral hepatitis and CLD:

It has been estimated that around 240omipeople across the
globe were found to be infected with Hepatitis Busi (HBV) and
those people were at a greater risk of developirgpatic
decompensation and cirrhosis in future. Beforeitii@ementation of
the Hepatitis B virus vaccination program, the Askacific region
was categorized into 3 zones based on HbSAg pres@ld hey are as

follows:

» High-prevalence zones (8%) which include mainlahh&, the
Hong Kong, Taiwan, Korea, Mongolia, Philippines,ailand,
Vietnam and south pacific islands

* Intermediate-prevalence zones (2-8 %) which incla€etral
Asia, the Indian subcontinent, Indonesia, Malaysand
Singapore

* Low-prevalence zones ( <2 %) which includes Austrand

New Zealand(12)
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In the recent years, the incidence of HBV have iBgantly
decreased due to the global HBV vaccination progrand even in India
reports suggests that the incidence of HBV wasratd@17% among the
pregnant females in the year 1987 which was oveetlyiced to 1.1% in
recent years. Some of the important definitionsarémg HBV infection
which is helpful for understanding the disease msg and also in the
management of the patients suffering from the disesere described

below

* Chronic HBV infection: “HBsAg seropositive statusylond 6
months”

* Chronic hepatitis B: “Chronic necroinflammatory d@ise of the
liver caused by persistent infection with hepafgigirus. It can
be subdivided into HBeAg-positive and HBeAg-negativ

chronic hepatitis B”

Hepatic decompensation: “Significant liver dysfuoeti as
indicated by raised serum bilirubin (more than n%es the upper limit
of normal) and prolonged prothrombin time (prolotigpy more than 3 s),
or INR>1.5 or occurrence of complications such ssitas and hepatic
encephalopathy” HBV has 8 genotypes (A-J) and amtmuse 8
genotypes, A&D were found to be commonly occurrgnotypes in

India. Genotype C infections possess a higher &equ of BCP
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Al762T/G1764A mutation than genotype B. Genotypenfeeted
patients had a higher prevalence of BCP A1762T/@A7®utation with
more progressive liver disease than those with typeoA infection. On
the treatment perspective, genotype A has shovavadble response to
IFN-A treatment when compared to genotype D patiefne of the
peculiar and rare presentations of HBV is Occulpdtiéis B (OBI)
infection. OBlcan be coined when there is deteet&®V DNA in serum
and/or liver in patients who are tested negativesesum HBsAg by the
most sensitive commercial assays. The prevalenc®Rif across the
globe was estimated around <1% to 18% and thececssensus that
the range may be underestimated as the diagnosiBbfvas certainly
difficult in the clinical practice.(12) The mecham which leads to OBI
still remains as inconclusive. However, there amw postulations for the

development of OBI and they are listed below:

» Mutations in viral genomes, mainly over the surfgeae (e.g.,
G145R) as a result of which the surface antigematame
detected

* Replication of HBV at an extremely slower rate hessa of
which the surface antigen might be expressed ortly a

undetectable levels
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* More range of diversities found among the nuclemsihd
amino acid composition of OBI when compared to othe

chronic HBV types.

These properties are of paramount importance becdhs
undiagnosed cases of OBl may lead to the developaiesevere hepatic
decompensation amidst with cirrhosis and cirrhosiated complications
like portal hypertension and hepatic encephalopatlsulting in a
significant morbidity and mortality to the communitAccording to
several studies in the recent past, almost all @iients were found to
have normal liver function tests and very few ornmezro-inflammation
and fibrosis in the histopathology of liver. Despi@Bl may be the
causative factor for the development of cirrhosil éhepatocellular
carcinoma. It was also suggested that in mosteot#ses where OBI was
found to the etiology of liver cirrhosis, nearly all cases co-infection
with hepatitis C were evident. Studies also suggjest in the overall
incidence of cryptogenic liver cirrhosis OBI cotsties around 4.8-40%
of the cases. Thus in the management of chrorgc thiseases, emphasis

on OBI was much needed for the good prognosis tdms.
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Impact of Occult HBV in India:

India lies in the intermediate zone of HBV prevalerand around
40 million people are affected by HBV. The newed aacent entity was
occult HBV infection which goes unnoticed in thénwal practice. The
cause of acute liver failure in around 47% of pasen India is unknown.
In this 458 patients were taken into analysis amdod which 216 acute
liver failure patients etiology was unknown in nmatu41% of these
patients were found to be positive for HBV DNA samed through
polymerase chain reaction. The patients who arenotally infected with
hepatitis B virus were considered to be the resesnal HBV infections
while the occult HBV cases may be due to the oerwe of several
mutations inside the carriers. These mutations al&égr the immune-
reactivity of several HBV proteins and might aldteathe HbSAg titers
In those patients which lead to seronegativity agnOBl patients. Out of
591 patients 56 patients were found to be HbsAgatneg with
guantifiable significant HBVY DNA titers.(13) The mg@me sequence
analysis was performed in these patients in araintiased study and the

results are as follows:

» Eight patients were found to be affected by gemmtypand 6

patients with genotype D
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* The changes observed in the regulatory region sothe possible
alterations in the proportion of large and smaltlaar proteins of
HBV DNA may result in the undetectable levels ofSAy in the

serum of the patients.

Diagnostic aspects of CLD:

The important area of this review begins with thagdostic
aspects of Chronic Liver Disease. The diagnose ©LD can be broadly

classified into 2 different categories as:

Non-invasive techniques

Invasive techniques
These techniques can be applied to various etedogfi CLD notably
Alcoholic liver disease, viral hepatitis (HBV & HQVmiscellaneous

causes.

ALCOHOLIC LIVER DISEASE (ALD):

Initially to diagnose a case of ALD using clinicahd relevant
biochemical parameters it must be ensured thae tisemo other etiology
was associated with CLD in such patients of hedegh®ml consumption.
Moreover to diagnose a case of ALD could be a ehgihg one as there

IS no clear cut confirmatory diagnostic tool todscmn ALD. Adding to
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this the patients may be completely devoid of aggngomatology
pertinent to ALD, no obvious clinical signs sugaesstof early ALD or
early cirrhosis and there may also be normal lifenction tests.
Moreover, the coexisting comorbidities like obestyd diabetes may be
a confounding factor in the development of NAFLDdahere may also
be some patients who fail to attend the clinic#irsg despite continuous
heavy alcohol consumption. All these factors havacgd ALD, a
condition of a chronic progressive liver diseasen&ally suspicion of
ALD should arise if there is evidence of prolongécbholic consumption
and the laboratory values are suggestive of iner@ashe liver enzymes
notably if the AST (aspartate aminotransferase) swgsificantly greater
when compared to ALT (Alanine aminotransferase)ng@lavith the
examination findings such as hepatomegaly, appar@mtal signs of
CLD, imaging studies like radiological picture imvbr of hepatic
steatosis or fibrosis/cirrhosis. It also includestignts who have
undergone a liver biopsy in the recent past and rdq@orts were
suggestive of features of macro-vesicular steatasiscirrhosis. As
already discussed patients with ALD may or may have increased
levels of liver enzymes because the severity of Add®es not have a
significant correlation with the severity of thepadic injury. However,
the pattern of increase in the liver enzymes eeurm transaminases plays

a significant role in the diagnosis of hepatic mgjuelated to alcohol
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consumption. Aspartate aminotransferases may iserasound 3 folds
greater when compared to Alanine aminotransfergaes). There is
also a significant rise of GGT (Gamma-glutamyltzegidases) in
patients with ALD.(14) Nevertheless, it is impoitan exclude other
causes related to hepatic dysfunction and of sofmée conditions
sharing the similarity in differential diagnosism@echronic viral hepatitis,
autoimmune hepatitis, hemochromatosis and drugecklaepatotoxicity.
In such conditions where the etiology cannot bechkated with the
laboratory tests invasive tests like Liver biopsyvarranted. In the initial
workup, primary investigations such as completeothl@ounts, serum
liver enzymes like ALT, AST, ALP, GGT, bilirubin,Jumin and INR
need to be checked. If there is evidence of anyatoepllular injury
patient should be screened for HbSAg, HocAG, HBGbady titers in
order to rule out viral hepatitis. Serum GGT, ASALT, mean
corpuscular volume (MCV) and carbohydrate-deficieansferrin (CDT)
were the most common biomarkers to be screened dl@holic liver
disease was the provisional diagnosis. Antibodyrgialso play a role in
the diagnosis of alcoholic liver disease. IgA t&lgatio is increased in
the case of an alcoholic liver disease. GGT israspecific marker for an
alcoholic liver disease because there are condilika obesity, advanced
age, also in some liver diseases like fatty liverwaell as the hepato-

biliary disorder, carcinoma of liver and in a certdrug like phenytoin,
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there was a rise in the levels of GGT. There is alsother marker for
chronic alcoholism which is more sensitive than GiGTcarbohydrate-
deficient transferrin (CDT). CDT was nothing bué ttransferrin that has
lower bonding with carbohydrates and can rise &itiohol consumption.
However, there is no single biomarker which hashbatdequate
sensitivity and specificity in order to detect tbleronic alcohol abuse.
Even though there are many markers for the alcoller disease the
way of diagnosing ALD can be a combinatorial approahich can be
done by combining screening questionnaire withdiagnostic markers
that can be an optimistic tool for the accurategasis of ALD. Ethyl

glucuronide (EtG), ethyl sulfate (EtS) and phosjgly&thanol (PEth)

were the newer diagnostic markers used in the cainbut-patient
departments to monitor the alcohol abstinence dividuals treated for

ALD.

Somehow, notable inter-individual variability in ggphatidyl
ethanol (PEth) levels have been observed in timécali research studies
which may pose a confusion in the reliability of tPHevels for
determining chronic alcoholism further it may lintiie utility of PEth
levels in the identification of relapse cases fralnohol abstinence.
Serum cytokeratin-18, a recent marker identifiecdébect apoptosis of

the hepatocyte in liver disorders and it was one¢hef most promising
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tools in the diagnosis of NASH and that too in combon with

Fibroblast Growth Factor (FGF-21), it possesseseatgr sensitivity in
the diagnosis of ALD. Currently, the available inmag modalities for
diagnosing ALD were USG of liver, Fibroscans, CRrsa@and MRI. In
alcoholic liver disease (ALD), hepatic steatosisswame of the major
pathology found in patients with ALD.(14) Non-cadt CT helps in
diagnosing hepatic steatosis at an early stage.eSomthe recent

developments in the CT scan are as follows:-\

» Liver to spleen attenuation ratio

» Controlled attenuation parameters with transiesstelgraphy
help to find the features of hepatic steatosisasd in the
process of quantification of steatosis

» In CT scan >10 HU was highly predictive of hepaieatosis.
MRI of liver in case of ALD shows the following femes such
as an enlarged caudate lobe, visualization of itile posterior
hepatic notch and smaller size regenerative nodélesustic
radiation force impulse and magnetic resonancetogjesphy
are the latest developments in the imaging modaliéind have
been used for measuring the liver stiffness for gbheose of
guantifying hepatic steatosis. However, if it wasndnded as a

single Gold standard test for diagnosing liverdés eventually
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liver biopsy is the only diagnostic tool currentyailable to
stage the disease progression. This is very impod#en in
clinical practice because the stage of simple e$eatto
alcoholic steatohepatitis (ASH) may significantippair the
prognosis in patients with ALD. The typical histtpalogical
findings are listed below

» Centrilobulated accentuated steatosis

» Hepatocyte ballooning insidiously associated witrallvty-
Denk bodies Steatosis and alcoholic steatohepéf@iH) are
the most common predictors in the diagnosis of Arld it also
implies the chronic alcohol abuse. Some of the rotteical
and demographical factors associated with the dpwent of
ALD involve the patients with continuous alcohohsamption,
advancing age groups, chronic smokers, cirrhodis wcreased
child pughTurcott score, and also concomitant cicrosral

hepatitis infection.

Viral hepatitis:

Viral hepatitis due to hepatitis B and C is a dfehdondition
which has to be diagnosed more precisely not oalydiagnose the
patient’s disease condition but also to decidethieeapeutic strategy for
starting an anti-viral regimen in patients withatinepatitis. Even though
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invasive procedures like liver biopsy was one ok tlstandard
investigatory procedure for evaluating patientshwiral hepatitis and to
find the level of tissue damage starting from apdemsteatosis to a
massive fibrosis. Ishak and METAVIR were one of thignificant
combinatorial assessments along with fibrosis cdilty. The clinically

relevant endpoints are as follows:

» If METAVIR score is more than 2 and Ishak scorenisre than
3 for fibrosis, it indicates that patients wereniged of antiviral
therapy for either hepatitis B or C.

» If METAVIR is score than 4 and Ishak score is am®r6 then
it implicates that patient was progressing fromrdgis to
cirrhosis and it indicates that patients were inecheof
monitoring for the complications pertaining to @drt
hypertension as well as hepatocellular carcinoma
Liver biopsy as such it has several limitationsitsnown and
also it is an invasive procedure with apparentriai® well as
intraobserver variations in the purview of histéymddgical
examination. Recently American guidelines for afitag a liver
biopsy specimen specifies that only a 16 gaugeleekduld be
used along with 11 complete portal tracts for augslength of

2-3 cm in size.(15,16) But to accustom with suclpracise
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technique, it is possible for only a few clinicaipertise in this
field. After the invention of novel invasive metsodor
assessing liver fibrosis and in addition to thatrethe treatment
strategy may be planned according to that, moredves also
useful in monitoring the patient response to ammahtherapy.
The non-invasive techniques also aid in prognodisthe
patients.

A series of biochemical tests are performed in iotdeconfirm
the diagnosis of viral hepatitis and they are dsvi:

Liver function tests include both direct and indirdilirubin,
serum transaminases which include alanine amingfeeases
(ALT), aspartate aminotransferase (AST), AST/ALTtiaga
gamma-glutamyltranspeptidase (GGT), alkaline phatgse,
albumin, albumin/globulin ratio, prothrombin time

Lipid profile includes the levels of triglyceridestotal
cholesterol, low-density lipoprotein, and high-dgns
lipoprotein

Other tests include blood urea nitrogen, creatiniapha-
fetoprotein.

Most importantly marker of hepatitis virus playsignificant

role both in diagnosis and prognosis of the diseHsey are
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HBsAg, HBsAb, HBeAg, HBeAb, HBcAb, HBV-DNA anti-
HCV, HCV RNA
Among the non-invasive tests available for chrohepatitis C
(CHC) infection, the first non-invasive techniqused in the diagnosis
was the Fibrotest, which is a group of essentiabuiostic parameters
comprising of haptoglobin, alpha 2-macroglobulirglgtamyltransferase
(GGT), apolipoprotein A1 and total bilirubin
-Forns’ score and the APR index are the newer mipekliln
Forns’ score, the components were age, GGT, cleotdsplatelets, and
pro-thrombin, whereas APR index includes AST andatgbbts.
Furthermore, other newer models have been develofech includes
the ELF-score, heap-score, and the fibro meter
- Measurement of liver stiffness: Transient elasipgy:
FibroScan is used (results may range from 2.5 tkP@p Acoustic
radiation force impulse imaging: Acuson 2000 Virtdauch Tissue
Quantification (results may range from 0.5 to 4.4ars#sec) Magnetic

resonance elastography (results may range frorro@.6 kPa).(15)(17)
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Table: Common non-invasive diagnostic indices faa\hepatitis(15)

Hepatitis B serum biomarkers Hepatitis C serum laidwars

Hui-score: Fibrotest: a2 macroglobulin, GGT,

3.148+0.167*BMI+0.888*hilirubin apo-lipoprotein Al, haptoglobin, tota

-0.151*albumin-0.19*platelet bilirubin, age and gender.
Zeng score: Forn index: 7.811- 3.131*In(platelet
13.995+3.220*log(a2 count)+0.781*In(GGT)+3.467*In(age)-
macroglobulin)+3.096*(age)+ 0.014(cholesterol)

| =4

2.254*10g(GGT)+2.437*log(hyaluronate)
AST to platelet ratio(APRI) score

Prospects and limitations of non-invasive diagnostimodalities:

Serum bhiomarkers:

Prospects:

» Easily affordable and available at low cost
* Results can be reproducible even at differentregti
* Highly applicable indeed well-validated techniquese

available
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Limitations:

* Results are sometimes non-specific with the giverer|
pathology

» Stages of cirrhosis are difficult to diagnose aeliable results
cannot be obtained

» Less specific when compared with TE (transienttetasphy)
Transient elastography:
Prospects:

» Higher prognostic significance in case of cirrhosis

* Easily learned technique and available as an digga
procedure

* Results are obtained rapidly and it is easier tarnlethe

technique
Limitations:

 Difficult to differentiate the intermediate stagddibrosis
» Chances of obtaining false positive results maybssible in
cases of acute hepatitis, extra-hepatic cholestasis

* Lower applicability in cases with obesity and aaxit
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ARFI

Prospects:

. Higher applicability when compared to TE in casé®lmesity

and ascites
. Can be operated with the help of a normal ultradouachine
Limitations:

. Quality of the tests is not reliable
. Cannot be applied to differentiate the intermedisti@yes of
fibrosis

. Narrow range in the depiction of values

MR elastography:

Prospects:

. Whole examination of liver may be possible witliRMlastography
. Higher applicability when compared with TE in ea®f fibrosis

. Can be operated with a regular MRI machine
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Limitations:

. More time-consuming procedure

. Highly expensive and not affordable to all patients

. Not applicable in cases hemosiderosis and other okeerload
states

Portal Hypertension:

Portal hypertension is one of the common and magtortant
complications that arise as a sequel of chronierlidisease of any
etiology. However, fibrosis tends to remain as th&n component in
terms of severity and prognosis of portal hypeftansn the current era
of advanced diagnostics and treatment modalities ¢éwere is a chance
of reversal mechanisms favoring prognosis of tiseake. Thus in a case
of portal hypertension which is mostly arising afita consequence of
long-standing hepatic fibrosis, it may be revessiblthe cause of hepatic
fibrosis being removed. In due course of time, eéhmiay be a chance of
regression of the disease. Henceforth, it is ofupeunt importance to
accurately determine the prognosis and severitfibobsis which may
eventually lead to portal hypertension. Therefare accurate estimation
of the extent of damage due to fibrosis and PHimjgortant to evaluate
the disease state and prognosis and probably thisbes the most

Important milestone in revolutionizing the treatrmetrategy of portal
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hypertension. Being heterogenic in nature, portgbentension and
cirrhosis were to be diagnosed at an early poirinoé. One of the most
promising invasive diagnostic tools in the diageosof portal
hypertension was HVPG (hepatic venous portal grddiand it is
currently the gold standard technique. The HVPGmisasured as a

difference between the following 2 parameters

Wedged hepatic venous pressure (WHVP) :

It is a direct relation to the pressure formed Ire thepatic
sinusoids. This is done by the process of occlutheghepatic vein which
will result in the cessation of blood flow leaditg the formation of a
static column of blood. It also provides an acairatasurement of portal
pressure which was already been demonstrated ies cak alcoholic

hepatitis and viral hepatitis.

Free hepatic venous pressure (FHVP):

FHVP is measured by the process of pressure egtimiat a non-
occluded hepatic vein. HVPG may be a better priedidbol to provide
valuable information about the future morbidity amabrtality risk
associated with portal hypertension. Moreover, tba also be an

indirect tool in the assessment of liver parencHyfoaction and in
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addition it may also be a supportive tool in therelation of the degree

of histological fibrosis associated with chronieli pathology.

Non-invasive:

Non-invasive studies associated with the diagnadisportal
hypertension are very few in number. The literatsearch also shows
very limited techniques available for this purpadSeme of the important

serum biomarkers currently available are listedwel

. Serum laminin levels,
. Serum hyaluronic acid

. Procollagen typédll propeptide

Studies have shown that laminin and hyaluronic é&wels in the
serum were found to correlate with the extent wérlidamage. Studies
have shown that in cases of portal hypertensionemmbhagealvarices,
laminin and hyaluronic acid levels correlate witle tisease severity. In
clinical application perspective, the role of nowasive biomarkers when
compared to the invasive biomarkers lag behinthénaspect of diagnosis
and treatment of the disease condition. In summamgninvasive
laboratory markers are still inadequatein asseg$iagiegree of fibrosis
especially in PHT, and accurate broader validationsarious clinical

situations are needed. Imaging modalities like Dapp'S indices which
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include the measurable parameters like PV bloodnae| effective portal
liver perfusion mean or maximum PV velocity, portdbod flow, PV

congestion indexand resistance indices of artendbe spleen and the
liver may help in the better diagnosis of liver ipdbgy. Pulsed wave
Doppler may aid in the determination of the changbserved in the

following vessels

. Proper hepatic arteries
. Portal vein and

. Hepatic vein (HV).

Among the three vessels, HV waveform seems to be&e mo
promising in the depiction of data for the futureognostic score for
assessing the severity of portal hypertension. ldenses a parameter of
significance namely damping index (DI). The dampmdex was nothing
but a formula which is calculated by dividing thentmum velocity by
the maximum velocity of the downward hepatic vendlosv. This
damping index has a reasonable sensitivity and ifspc in the
prediction of portal hypertension with a greatercuaacy. Despite,
measurement of values by the assessment of Doplerbe influenced
by several patient-related factors. Doppler measart is influenced by

many patient-related factors which include respmamovements of the
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patient and the meal timings, as well as inter-olese variations.

(5,18,19)

Besides, collateral pathways, hepatic steatosid, iaffammation
may also contribute to the variability in the assesnt of portal
hypertension. Contrast-enhanced ultrasound (CE&Ying was one of
the emerged newer techniques in the diagnostiaares of now, there
are only two US elastography techniques curremtlyse to measure the

liver stiffness (LS). They are as follows:

. Shear-wave based elastography: includes  Transient
elastography (TE), commonly called as fibro scars the most
widely used and a clinically validated tool in theagnostic
perspective of CLD. Other techniques were acousiitation
force imaging (ARFI) and supersonic shear waveteggaphy
(SSWE)

. Real-time elastography.

. Shearwave based elastography includes TE (comnuailgd
as fibroscan), which is the most widely evaluated ased
technique followed by acoustic radiation force uige (ARFI)

Imaging, and supersonic shear wave elastographWEeS
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Patients with portal hypertension in a consistéoisthe alteration
in the following lab parameters low platelet couyrssemia, an increase
in INR, AST >2xUNL, ALT >2xUNL, elevated bilirubirand GGT
levels. However, if we take into account of the ptinations pertaining
to portal hypertension the major role being plaggdgortal hypertensive
gastropathy (PHG) which is generally a complex sdaoy change seen
in the gastric mucosa. PHG may be an important ateves and a
provocative factor in the development of acute lmonic hemorrhage.
Thus endoscopic procedures although being invasiveture, it is the
deciding diagnostic modality for treating as wellraonitoring the patient
outcome in the case of portal hypertension.(19s dan be done with
several prognostic markers and scores namely ghidghTurcott score
(CPT), MELD score and their correlation with fibtests which all

together can improve the quality of patient carpartal hypertension.

Non-invasive markers and its current aspects in Ligr diseases:

The liver is the gateway for gut products to enteo systemic
circulation. As a result, it is more exposed togndial toxins and injury.
Recent longitudinal studies have shown that mathy presence of
fibrosis and its severity in liver biopsy is thengle most important

predictor of outcome in chronic liver diseases.
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Hepatic stellate cells and myofibroblasts are trennsources of
liver fibrosis. Insult to liver leads to cytokin@soduction and activation
of hepatic stellate cells, thereby causing liveflammation which

advances to irreversible changes and scarring.

Liver biopsy is the gold standard for assessmedtcuantification
of liver fibrosis. Major drawbacks of liver biopsgre due to its
Invasiveness which engenders pain and significaniplications, poor
patient acceptance, considerable cost, samplilngseiThese factors have
lead to an increased interest in the identificat@dnnon-invasive of

markers of liver fibrosis.

The availability of accurate non-invasive testskdes us to screen
large cohorts and to assess the true burden af disease in general

population.

Non-invasive tests are safe, easy to perform, cemible and

inexpensive.

For chronic liver disease or cirrhosis, non-invasmarkers can be

broadly divided into radiological and serum bioneas
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In this review, we intend to describe RDW (red citribution width) as
a non-invasive biomarker and to correlate its ggvevrith chronic liver

disease and portal hypertension.(20)

NON-INVASIVE SEROLOGICAL MARKERS

Characteristics of ideal non-invasive serologicahrkers include- It

should be

. Quick to perform and analyze.

. Inexpensive and reproducible.

. Able to differentiate between distinct entities agflammation
and fibrosis.

. Not affected by impairment in liver fibrosis.

. Able to predict and track disease progress or ssgre

When evaluating biomarkers, one should ensure s@mgy in
assessment and evaluation, and also the need rfgrlesiand robust

classification systems.

Non-invasive biomarkers of liver fibrosis are brlyadivided into

two classes:
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Class | markers —

They are direct markers of fibrosis. These refld& molecular
pathogenesis and extracellular matrix turnover oferlThey are
categorized into enzymatic markers, collagen markegiycoproteins,

matrix metalloproteinases, and glycosaminoglycans.

Class Il markers —

They indirectly reflect the activity of extracelul matrix of the
liver and also the extent of fibrosis. These inelud aspartate
aminotransferase(AST), alanine aminotransferase T{AL alkaline

phosphatase (ALP), and gamma-glutamyltransfera&d G

In addition, they also include the markers of segtithfunction as
follows: prothrombin time (PT/INR), bilirubin level haptoglobin and
albumin levels in the serum, Apolipoprotein Al, macroglobulin,

ceruloplasmin, transferrin and hepcidin levels.(20)

Other indirect markers such as platelet count, ratieenatological
indices, al-antitrypsin, ferritin, and certain aakimes have also been

included in this exhaustive list of tests.
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PLATELETS IN LIVER FIBROSIS

Recent studies state that platelets have the loadefole in liver
fibrosis through reduced expression of TGF-betapra-fibrogenic
cytokine and increased expression of matrix mefaltdeinases. Platelets
also mediate inflammatory reaction after liver mjurhus, platelets play

the dual role in both liver fibrogenesis and reganen.

Mean platelet volume (MPV), a sign of inflammatiangicates
platelet size. Platelet distribution width (PDW)tie degree of variation

in platelet size.(21)

Due to splenic sequestration in CLD, the life cyoleplatelets
becomes shorter. This, in turn, leads to incregseduction in bone
marrow, thereby increasing young platelets in ¢atton. And so there

would be an increase in MPV and PDW levels.

INDICES OF LIVER FIBROSIS/ CIRRHOSIS

Certain indices or scores with indirect parameanse shown to be

good predictors of fibrosis and cirrhosis.

. Fibrotest — includes alpha2 macroglobulin, apoAdiyubin,

GGT, haptoglobin, AST to platelet ratio index (ARRI
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. Enhanced liver fibrosis (ELF) test- includes hyahic acid,
tissue inhibitor of MMP-1, procollagen type Ill,qpeptide.

. NAFLD fibrosis score- age, BMI, DM/IGT, platelet wat,
albumin, AST/ALT ratio.

. Plasma Cytokeratin -18 fragment, which indicatesapoptosis

of liver cells, is the marker of NASH

. Hepascore — age, sex, alpha-2-macroglobulin, hyahie,
bilirubin, GGT
. Forns index — age, GGT, cholesterol, platelets

. FIB-4 — age, ALT, AST, platelets(18)

RBC STATUS IN LIVER DISEASES

Among the several hematological complications weridisease,
macrocytic anemia is one of the common featuresrytosis in liver
diseases can be associated with normoblasts orlohdastic marrow
based on pathogenesis and severity of the liverades Extensive studies
of RBC mass and plasma volume in cirrhosis haverteg an expanded
plasma volume, low hematocrit, reduced RBC sundvahajor cause of
anemia in cirrhosis is hemolysis by an enlargedespl which sequesters
and destroys RBC. This, in turn, leads to the macomnoblasts bone

marrow.
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Anaemia in liver disease is described as Spur lketholytic
anemia due to the changes in lipid composition &CRmembrane,
leading to the characteristic RBC morphology. Iveli disease, 30%
increase in membrane lipids correlates with menddraarface area,
thereby increasing MCV. This also causes decreasadbrane fluidity
and flexibility which gives osmaotic resistant profye so that the lifespan

of RBCs are prolonged againstfrequent splenic staten.(22)

RBC in alcoholism

Alcohol, being the most common pathogenetic agesy mduce
disturbed erythropoiesis and decrease RBC survBmlod picture in
alcohol abuse with or without liver disease is roagtosis along with
reticulocytosis and folate deficiency.RBC membrai@anges are also
partly due to plasma lipid changes like reducedmka level of apoAll,

which participates in cholesterol transport.

In acute alcohol ingestion, alcohol or acetaldehysigpress
erythropoiesis leading to decreased bone marrowulaety and
vacuolization of RBC. In chronic alcohol abuse, mudtition and folate
deficiency leads to megaloblastichematopoiesis. giologically they
are spur cells, macrocytic target cells and disscylue to increased

lipid structural order in RBC membrane. In alcobdiver disease, serum
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vitamin B12 did not change. Folate depletion ocaus to malnutrition
and antifolate action of alcohol by increasing annfolate excretion.
Macrocytosis due to alcoholic liver disease rapidécovers during
abstinence from alcohol stating that peripheral R@EGure is due to

alcohol, malnutrition, and folate deficiency.(22)

RED CELL DISTRIBUTION WIDTH

RDW is a morphological marker of heterogenicityRBC size. It
IS a measure of anisocytosis, helpful in the difeial diagnosis of
anemia.The standard size of RBC is 6-8 micronsiamdter. Higher
RDW values commonly indicate more variation in sepending on the
hematological analyzer instrument, RDW can be reporas coefficient

of variation (CV) and standard deviation (SD).
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« RDW-CV:
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RDW SD:

e RDW CV is the measure of the deviation of the REBIlimne width,

usually, refers to the width of the volume cu

» RDW-CV measurement is derived from 1SD divided by M@¥ets

100%. So it is affected by RBC size.Formfor calculatiol-
» RDW-CV (%) = 1 standard deviation of RBC volume/MCV G0

« RDW-SD is the measurement of the width of RBC sizeitistion

histogram.(23)

* For measuring RDW SD, cwlate the width (in fL) at the 20% heic
level of RBC size distribution histogram. So thegsameter is nc

influenced by RBC siz
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* Reference range of RDW

« RDW-SD:39-46fL

 RDW-CV:11.6 -14.6 %

» RDW is easily available as a part of complete bloodnt and so it

incurs no additional cost.

Table: Comparison of RDW, MCV with disease conditios

RDW MCV CONDITIONS

ANAEMIA OF CHRONIC DISEASE,
NORMAL LOW HETEROZYGOUS THALASSEMIA,,

HB E TRAIT

APLASTIC ANAEMIA,
CLD, ALCOHOL,
CHEMOTHERAPY,

NORMAL HIGH
ANTIVIRALS
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ANAEMIA OF CHRONIC DISEASE,
NORMAL | NORMAL

ACUTE BLOOD LOSS/ HEMOLYSIS

IRON DEFICIENCY,

SICKLE CELL,
HIGH LOW

BETA THALASSEMIA

FOLATE/ B12 DEFICIENCY,
IMMUNE HEMOLYTIC ANAEMIA,
CLD, MDS, CYTOTOXIC

HIGH HIGH CHEMOTHERAPY

EARLY IRON, B12, FOLATE
DEFICIENCY, DIMORPHIC

ANAEMIA, SICKLE CELL DISEASE,
HIGH NORMAL CLD, MDS.

Anaemia with normal RDW is seen in thalassemia. réfloee

Mentzer index should be done to confirm it.

MENTZER INDEX = MCV (fL) / RBC count (million per maroL)

In Thalassemia, it is less than 13. In iron defickeanemia, it is more

than 13.(24)
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RDW IN CLD

» Elevated RDW is associated with an increase ircalise mortality.
This can be explained by the fact that chronicamiination and oxidative
stress cause elevation in RDW. There is also atip@sassociation
between inflammation and oxidative stress with Huwancement of
fibrosis in liver disease.Elevated RDW occurs indidons of ineffective

erythropoiesis, increased RBC destruction, alddland transfusions.

Inflammation may increase RDW as it

* Impairs iron metabolism.

* Inhibits production or response to erythropoietin.

e Shortens RBC survival.

* Pro-inflammatory cytokines might suppress erythrefwo gene
expression, inhibit proliferation of erythroid peagtors, downregulates

erythropoietin receptor expression.

* Oxidative stress will increase the fragility of RBCdecrease the
erythroid maturation and RBC lifespan. Therefoneaa RDW.Previous
studies state that elevated RDW is correlated veitimditions like

hypertension, cardiovascular diseases, irritablewebo syndrome,
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microalbuminuria due to low antioxidant nutrientsn ithese

conditions.(25)

NON-INVASIVE RADIOLOGICAL TECHNIQUES

» Greyscale& Doppler Ultrasound are simple and inagpe to study

and follow-up patients with CLD.

CONVENTIONAL ULTRASONOGRAM

 Ultrasound is well established, widely availablegsteeffective
modality for diagnosis of cirrhosis. Certain chaeaistic changes in

sonography detect the progression of fibrosis iDCL

* LIVER- coarse appearance or nodularity of liver guahyma,
hepatomegaly, hypertrophy of caudate lobe (whidhesratio of caudate
lobe to right lobe). Most direct sign of advancelrdsis is hepatic

surface nodularity detected by the linear probe.

« SPLEEN- In the supine position, with the 2-5MHz \dlimear

transducer placed in coronal plane posteriorlyeft lower intercostal
space, spleen size is measured. Then the planeatbrs is swept
posterior to anterior and with various inspiratafggrees, an entire

volume of the spleen is calculated.
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» Characteristics of normal spleen —

* Average length of the adult spleen is 12cm.

» Parenchyma is homogeneous with uniform mid to lologenicity.

In Portal hypertension — Spleen size is >13cm iphatcaudal

measurement and more echogenic than normal.

Table: Comparison of various diagnostic modalilftesespect to

sensitivity and specificity(18)

SENSITIVITY | SPECIFICITY AUC
2 COSI\éI:FC))%I\Il:ENT 82.2% 79.9% 80.4%
g COSI\é%ORI\éENT 78.7% 80.1% 80.2%

AUC- Area under the curve, the measure of accuracy.

2 Component score- includes nodularity, portal oo

7 Component score- includes liver size, caudate ettggphy,
echogenicity, nodularity, portal vein diameter, tpbrvelocity, spleen

size.
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DRAWBACKS OF ULTRASO NOGRAM

. Subjective and operator depend

. Sensitivity and specificity for liver fibrosis alew.

. Does not correlate with the histological stageibfadsis obtainet

from liver biopsy.

PORTAL DOPPLER STUDY

In liver fibrosis, regional hepatic and systemicmioelynamic
changes are essential. Doppler US can detect ie@sedynamic chang
In pre<irrhotic stages itself. Pulsed wave doppler isduse determine
changes in waveforms wessels -hepatic arteries, portal vein, hepse

veins.(26)

[. Portal vein diameter measurement at crossiny Gf
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PORTAL VEIN DIAMETER MEASUREMENT- Left portal vein
is visualized by oblique, cranially placed subxigheiew. Right anc
main portal vein are seen in the saggitalplane.Nbyna the point ol
IVC crossing, portal vein diameter is <13mm in quesspiration. If it is

increased, portal hypertension is most lik

In many studies, this measurement is taken intowdcfor potal

hypertension

PORTAL VEIN VELOCITY- Normal portal mean velocity is -
18cm/sec. It varies with respiratory and cardiativdy with an
undulating appearance of waveforms. This is reduaed portal

hypertension.

[This shows portal vein velocity meaed using Vmax and Vmi
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FLOW PATTERN- It is detected by spectral and cobmpler.
Normal flow in the portal vein is hepatoportal itewards the liver with
the postprandial increase in splanchnic circulatidn cirrhosis,
obstruction of hepatic venulesand sinusoids octumesnly by fibrosis).
Also, arterio-portal and portosystemicshunting atlishe reversal of

flow. Hence hepatomegaly flow is seen in portaldrygnsion.(27)

[ Laminar flow / hepatopetal flow]
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[ Helical flow / bidirectional flow]

* COLLATERALS FORMATION- Portosystemic collaterals ear
formed due to the opening of normally collapsedsoriéhis is seen in
portal hypertension. Examples- splenorenal, unddiliccoronary,

gastroepiploic.

« FLOW PATTERN IN HEPATIC VEINS — Doppler waveformsea

recorded with end-expiration breath holding, toiaimum of 5 seconds

* Blue waveform — flow away from the probe

* Red waveform — flow towards the ultrasound probe

» Classification of hepatic vein waveforms
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1. Triphasic — flow reversed in at least one phase

2. Biphasic — flow not reversed with or without oesed phasic

oscillations

3. Monophasic — flat, with or without fluttering

Flow pattern in a normal right hepatic vein is tiagic. In a case of

fibrosis, it will be mono or biphasic.

Triphasic
waveform

Biphasic
waveform

Monophasic
waveform

Doppler wave forms

DAMPING INDEX (DI) = Minimum velocity/ Maximum veloity of
downward hepatic vein flow. It correlates with setyeof CLD
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SENSITIVE MARKERS OF PORTAL HYPERTENSION are

. Portal vein diameter >13mm.

. Absence of respiratory variations in splenic aresemteric veins.

PORTAL VEIN THROMBOSIS can be detected as non-Jisaton of
the portal vein or cavernous transformation withieagive collateral

networks.

DRAWBACKS OF DOPPLER STUDY

* ltisinfluenced by patient-related factors likspeation, timing of

meals.

* Observer variability.

* Equipment differences.

» Certain factors contribute to variability in measments such as

collateral pathways, hepatic steatosis, inflamnmatio

USEFUL DOPPLER ULTRASOUND INDICES

e [] Portal vein blood volume
e [] Portal blood flow

* [] Mean or peak portal vein velocity
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* [] Congestion index of portal vein
* [J Resistance indices of arteries in liver and spleen

» [ Effective portal liver perfusion

CHILD TURCOTTE PUGH SCORE:

Numerical score

Parameter
1 2 3
Ascites None Slight Moderate/severs
Encephalopathy None Slight/moderate, Moderate/severs
Bilirubin
(ma/dL) <2 2-3 >3
Albumin (g/dL) >3.5 2.8-3.5 <2.8
Prothrombin
time (seconds in 1-3 4-6 >6
increased)
<1.7 1.7-2.3 >2.3
INR

0 Total numerical score

o] 5-6 - Child Class A

0 6-9 - Child Class B
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0 10-15 - Child Class C

Note: Higher class indicates greater severity

[ Child-Pugh score was proposed by Child and Tuectut predict
the risk of surgery for patients who are underg@ogtosystemic shunt

surgery in case of variceal bleeding

O Its primary version includes ascites, hepatic pha®pathy,

nutritional status, total bilirubin, and albuminhi¥ is modified by Pugh
et al by including PT/INR and excluded nutritioséhtus from the score.
This score is widely used for assessment of sgvefitiver disease. So
this score assesses the prognosis of cirrhotiemati Also, liver graft

allocation is performed based on the severity wérlidisease, which is
determined by the CTP score. Time spent on thangditt is also taken

into account(28)

O Main advantages of CTP — widely adopted, easesef and its

simplicity

Rating of mortality following abdominal surgery ipatients with

cirrhosis:

[ Child A — 10%

[ Child B — 30-31%
60



[ Child C — 76-82%

O Class A — surgery can be undertaken

[ Class B — optimization of medical condition is uggd before

surgery

[ Class C — surgery better avoided

DRAWBACKS OF CTP:

. The two variables — namely ascites and hepaticptratepathy

— are subject

. Variations occur in physicians judgement, and wiithretic and

lactulose use, in determining the above

. INR does not reflect coagulopathy sufficiently ahdrefore the

liver function

MODEL FOR END-STAGE LIVER DISEASE [MELD] SCORE:

 MELD was primarily created for predicting the swali of these
patients who are undergoing TIPS/ This version He score

included the etiology for liver cirrhosis, which sviater found to
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be unnecessary.Now, this score incorporates 3btasanamely

total bilirubin, creatinine and INR

 Formula for MELD score= 9.57 x loge (creat) + 3X&ge (total

bilirubin) + 11.2 x loge (INR) + 6.43(29)

* Working range — 6 to 40

» This score correlates with mortality of patientsdergoing hepatic
resection, abdominal procedures and cardiac surgdrgr than liver
transplantation.It is used to prioritize allocatioh donor organs for
transplantation of liver. Thus, recently developaLD score is used for

rationalization of liver graft allocation and pret mortality

Advantage of MELD:

* In the background of cirrhosis, presence of a rdadlre is an
independent risk factor for mortality. But CTP seadloes not include this

parameter.

Thus MELD score was elaborated which encompassetetiel of
serum creatinine for assessing the survival rate.MELD score is

superior to CTP.
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MATERIALS AND METHODS

STUDY CENTRE

Institute of Internal Medicine, Madras Medical egle and Rajiv

Gandhi Government General Hosital, Chennai.

DURATION OF STUDY

6 months

STUDY DESIGN

Observational study (Prospective)

SAMPLE SIZE

100 Patients

INCLUSION CRITERIA

. Age — adults <60 years
. Gender — Male
. Patients with symptomatic liver disease for > 6 therduration

. Portal hypertension due to hepatic cause.
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EXCLUSION CRITERIA

Malignancy

. Patients on medications that impair red cell préidac or
destruction

. Anaemia due to nutritional deficiencies/ hemolysis

. Patients with cardiovascular disease

. Patients with renal failure

. Chronic bedridden patients

DATA COLLECTION AND METHODS

Chronic liver disease patients with portal hypesten admitted in
male medical wards of RGGGH are subjected to aetdiistory taking,

clinical examination and other parameters with RB¥asured.

In patients in male medical wards with portal hyeesion
secondary to chronic liver disease are selectedlioical study as per

inclusion/exclusion criteria.

Patients are subjected to thorough history takimnical
examination after obtaining consent. Blood samles @llected from

each patient and sent for
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. Complete hemogram including Hb, red cell count, WBd&lint,

DC, platelet count, red cell distributiendth, RBC and platelet

indices
. Peripheral smear
. Liver function tests

«  PT,INR,aPTT
. USG abdomen

. Portal vein doppler

. Child Pugh score calculated using serum bilirulalbumin, PT,

ascites, hepatic encephalopathy

INVESTIGATION DETAILS

. Complete hemogram — Automated analyser

. Serum bilirubin — Diazo method

. Serum albumin — Bromo cresol green method
. PT, INR — ISI of thromboplastin reagents

. USG abdomen, Portal vein Doppler

SPONSORSHIP

No

CONFLICT OF INTEREST

None
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OBSERVATION AND RESULTS

RDW SD & RDW CV were roughly divided into 5 classts
categotize the severity for comparing with otheralzes. Below tables

show the number of patients in each class.

RDWSD Frequency Percent
NORMAL 15 15.0
46.1-50 18 18.0
Valid 50.1-60 27 27.0
60.1-70 16 16.0
ABOVE 70 24 24.0
Total 100 100.0
RDWCV Frequency Percent
NORMAL 15 15.0
14.5-16.5 22 22.0
Valid 16.5-18.5 28 28.0
18.5-20.5 14 14.0
ABOVE 20.5 21 21.0
Total 100 100.0
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AGE OF THE PATIENTS CATEGORISED IN DIFFERENT

CLASSES
AGE_GROUP
Total
30-40 | 41-50 | 51-60
Count 5 7 3 15
NORMA
T
L RDWSA)DngrI]?OUP‘ 33.3% | 46.7% | 20.0% |100.0%
Count 3 4 1 18
46.1-50 o
D Upd 16.7% | 22.2% | 61.1% [100.0%
Count 8 13 6 21
s 50160 g
RDWSD EeROURY 29:6% | 48.19% | 22.2% |100.0%
Count 5 7 4 16
60.1-70 ,, ..
Awg'g’gﬁg\évSD 31.2% | 43.8% | 25.0% |100.0%
Count 6 11 ! 24
ABOVE
oo
70 RDWS/ODW::'E?B”I;OUP‘ 25.0% | 45.8% | 29.2% |100.0%
Count 27 | 42 | 31 | 100
Total % withi
RDWg’Dngg oupd 27:0% | 42.0% | 31.0% |100.0%
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Age independently does not serve to correlate RiIDW values

AGE_GROUP
Total
30-40 41-50 51-60
Count 5 7 3 15
ORI %6 within 33.3% 46.7% | 20.0% | 100.0%
RDWCV ' : : :
Count 2 9 11 29
14.5-16.5 O rd
Y% within 0 . . .
RDWCV 9.1% 40.9% | 50.0% | 100.0%
Count 10 12 6 28
RDWCV 16.5-18.5 % within
o) 0 0 0
RDWCV 35.7% 42.9% | 21.4% | 100.0%
Count 4 6 4 14
18.5-20.5 O i
Yo within 0 . . .
RDWCV 28.6% 42.9% | 28.6% | 100.0%
Count 6 8 7 21
ABOVE
20.5 % within 0 . . .
RDWCV 28.6% 38.1% | 33.3% | 100.0%
Count 27 42 31 100
Total o
Y% within 0 . . .
RDWCV 27.0% 42.0% | 31.0% | 100.0%
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RDW CORRELATING WITH TOTAL BILIRUBIN

TB_GROUP
NORMA [ABNORM | 'o®@
L AL
Count 10 5 15
NORMAL oo
Yo within 0 . .
RDWSD 5GRoups| 9677 | 33.3% | 100.0%
Count 9 9 18
46.1-50 oo
Yo within 0 . .
RDWSD 5GRoups| °0-0% | 50.0% 1 100.0%
Count 0 27 27
RDWS[FJ)_SSGROU £0.1-60 N~
0 0 0
rRDWSD 5GRoups| 0:0% | 100.0% |100.0%
Count 2 14 16
60.1- 70 .
Yo within 0 . .
RDWSD 5GRoOUPs| 12-°% | 87.5% 1100.0%
Count 0 24 24
ABOVE
70 % within i 0 0
rRDWSD 5GRoups| 0:0% | 100.0% | 100.0%
Count 21 79 100
Total o
Yo within o . .
RDWSD 5GRoups| 21:0% | 79.0% | 100.0%

P<0.001. Hence it is significant.
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Comparison of RDWSD with TB
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-~ NORMAL mABNORMAL
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RDWCV WITH SERUM TOTAL BILIRUBIN

TB_GROUP
Total
NORMAL ABN?RMA
Count 10 5 15
NORMAL
% within RDWCV| 66.7% 33.3% 100.0%
Count 8 14 22
14.5-16.5
% within RDWCV| 36.4% 63.6% 100.0%
Count 0 28 28
RDWCV 16.5-18.5
% within RDWCV| 0.0% 100.0% 100.0%
Count 1 13 14
18.5-20.5
% within RDWCV| 7.1% 92.9% 100.0%
Count 2 19 21
ABOVE 20.5
% within RDWCV| 9.5% 90.5% 100.0%
Count 21 79 100
Total
% within RDWCV| 21.0% 79.0% 100.0%
P<0.001

Serum total bilirubin levels are 90.5% abnormalpatients with

RDWCV above 20.5% .

patients with normal RDWCV. So it is positively ocslating
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Comparison of RDWSD with TB
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ABNORMAL SERUM ALBUMIN IN RAISED RDW

albumin_group

Total
ABNORMAL
Count 15 15
NORMAL % within
100.0% 100.0%
RDWSD_5GROUPS
Count 18 18
46.1-50 % within
100.0% 100.0%
RDWSD_5GROUPS
RDWSD _ Count 27 27
5 50.1-60 % within
100.0% 100.0%
GROUPS RDWSD_5GROUPS
Count 16 16
60.1 -70 % within
100.0% 100.0%
RDWSD_5GROUPS
Count 24 24
ABOVE 70 % within
100.0% 100.0%
RDWSD_5GROUPS
Count 100 100
Total % within
100.0% 100.0%

RDWSD_5GROUPS

100% Abnormality in serum albumin has observedatigmts with

RDWSD above 70 FL and 90% abnormality in patienith \RDWCV

above 20%
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SERUM ALBUMIN & RDWCV

albumin_group

Total
ABNORMAL
Count 15 15
NORMAL
% within RDWCV 100.0% 100.0%
Count 22 22
14.5-16.5
% within RDWCV 100.0% 100.0%
Count 28 28
RDWCV 16.5-18.5
% within RDWCV 100.0% 100.0%
Count 14 14
18.5-20.5
% within RDWCV 100.0% 100.0%
Count 21 21
ABOVE 20.5
% within RDWCV 100.0% 100.0%
Count 100 100
Total
% within RDWCV 100.0% 100.0%
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ASSOCIATION BETWEEN PROTHROMBIN TIME

AND RDW SD
pt_group
Total
NORMAL |ABNORMAL
Count 9 6 15
NORMA
% within
L 60.0% 40.0% 100.0%
RDWSD 5GROUPS
Count 14 4 18
46.1-50 % within
77.8% 22.2% 100.0%
RDWSD_5GROUPS
RDWSD _ Count 16 11 27
5 50.1-60 % within
59.3% 40.7% 100.0%
GROUPS RDWSD 5GROUPS
Count 4 12 16
60.1-70 % within
25.0% 75.0% 100.0%
RDWSD_5GROUPS
Count 4 20 24
ABOVE
% within
70 16.7% 83.3% 100.0%
RDWSD 5GROUPS
Count 47 53 100
Total % within
47.0% 53.0% 100.0%
RDWSD_5GROUPS

Pearson Chi-Square=  21.465* P<0.0001

From the table, it is clear that protrombin timeogrtionately

increase with rise in RDW SD levels, also P valuevss significance.
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TABLE COMPARING PT & RDW CV

pt_gl'OUp
Total
NORMAL JABNORMAL
Count 9 6 15
NORMAL
% within RDWCV| 60.0% 40.0% | 100.0%
Count 14 8 22
14.5-16.5
% within RDWCV| 63.6% 36.4% | 100.0%
Count 20 8 28
RDWCV  16.5-18.5
% within RDWCV| 71.4% 28.6% | 100.0%
Count 2 12 14
18.5-20.5
% within RDWCV| 14.3% 85.7% | 100.0%
Count 2 19 21
ABOVE 20.5
% within RDWCV| 9.5% 90.5% | 100.0%
Count 47 53 100
Total % within RDWCV| 47.0% 53.0% | 100.0%

Pearson Chi-Square= 28.026* P<0.001

Since the P value <0.001, it is a significant asgmmn
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TABLE SHOWING CORRELATION BETWEEN INR

AND RDW SD
INR_GROUP
NORM |ABNORM| '°t@
AL AL
Count 8 7 15
NORMA
S
: RDWS/ODW:EEng;OUP‘ 23.3% | 46.7% 1100.0%
Count 15 3 18
46.1-50 op e
RDWS/ODW:EEng;OUP‘ 53:3% | 16.7% 1100.0%
Count 2 25 27
RDWSD 5
—>  50.1-60 S
GROUPS RDWS/ODW:EE?BHI;OUPC 7.4% | 92.6% |100.0%
Count 0 16 16
60.1 - 70 op it
RDWSA)Dngg oupd 0:0% | 100.0% [100.0%
Count 0 24 24
ABOVE
I
70 RDWé)DnggOUPC 0.0% | 100.0% [100.0%
Count 25 75 100
Total 0% withi
RDWS/ODW:EEng;OUP‘ 250% | 15.0% 1100.0%

Pearson Chi-Square=56.879* P<0.001
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Comparison of RDWSD with INR
100% 7
90% -
80% -
70%
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This bar diagram highlights abnormal INR values

RDW SD above 50 f
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BELOW TABLE AND BAR DIAGRAM SHOWS CORRELATION

BETWEEN INR & RDW CV

INR_GROUP
Total
NORMA [ABNORMA
L L
Count 8 7 15
NORMAL O rei
Y% within 0 0 0
RDWCV 53.3% 46.7% 100.0%
Count 15 7 22
14.5-16.5 O rei
Y% within 0 0 0
RDWCV 68.2% 31.8% 100.0%
Count 2 26 28
RDWCV 16.5-18.5 % within
0 0 0
RDWCV 7.1% 92.9% 100.0%
Count 0 14 14
18.5-20.5 O i
% within 0 0 0
RDWCV 0.0% 100.0% | 100.0%
Count 0 21 21
ABOVE
20.5 % within 0 0 0
RDWCV 0.0% 100.0% | 100.0%
Count 25 75 100
Total O it
Y% within 0 0 0
RDWCV 25.0% 75.0% 100.0%

Pearson Chi-Square=

44.730* P<0.001
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Maximum percent of INR abnormality (92.9%) is swith RDW
CV above 16.5

Comparison of RDWCV with INR
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80



CORRELATION OF ASCITES SEVERITY WITH RDW SD

Ascites
Total
Mild Moc;erat Severe
Count 8 7 0 15
NORMA
O it
: RDWS/ODngrl;oupc 53.3% | 46.7% | 0.0% [100.0%
Count 12 6 0 18
46.1-50 O i
RDWSA’DW'EEZ'EOUPC 66.7% | 33.3% | 0.0% |100.0%
Count 1 24 2 27
RDWSD_5
—~ 50.1-60 O i
CROUPS RDWSA)DWgrc];Irl]Qoupc 3.7% | 88.9% | 7.4% |100.0%
Count 1 14 1 16
60.1-70 O e
RDWSA)DWgrc];Irl]Qoupc 6.2% | 87.5% | 6.2% [100.0%
Count 0 22 2 24
ABOVE
0 i
" RDWSA)DWgrc];Irl]Qoupc 0.0% | 91.7% | 8.3% |100.0%
Count 22 73 5 100
Total o i
RDWS/ODngrl;oupc 22.0% | 73.0% | 5.0% [100.0%
Pearson Chi-Square=  44.601* P<0.001

Maximum number of severe ascites (8.3%), moderstites (91.7%) are

with RDW SD above 70fl
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HEPATIC ENCEPHALOPATHY AND RDW SD

Encephalopathy
00 ] 1.00 | 2.00 | 3.00 | 4.00 | ' °%
Count 0] 3 | 2 0| 0|15
NORM 9% within 100.0
AL RDWSD_5GROU66.7%|20.0%|13.3%] 0.0% | 0.0% |~
PS
Count 5 1] 1| o | 1 | 18
% within
46150 ppwsp_sGroU83.3%| 5.6% | 5.6% | 0.0% | 5.6% 1?,/(3'0
PS
RDWSD Count 2|5 | 8 | 1| 1|27
~ _ % within
56ROUP °° 10 rpwsp 56ROU44.49%|18.50(29.6%| 3.7% | 3.7% 1?,/0'0
S PS 0
Count 3 | 3|5 | 3 | 2|16
60.1— % within 100.0
70 RDWSD_5GROU 18.8%|18.8%)|31.29%)|18.8%|12.5%
PS
Count 1 o | 7 | 1] 2 | 24
ABOV 9% within 100.0
E 70 RDWSD_5GROY 4.2% | 0.0% (29.2%|58.3% 8.3% | o,
PS
Count 41 | 12 | 23 | 18 | 6 | 100
% within
Total RDWSD_5GROU41.0%|12.0%|23.0%| 18.0%| 6.0% | "o
PS

Pearson Chi-Square=
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Since the P value is below 0.001,it shows a pasttwrelation.

Encephalopathy
Total
.00 1.00 | 2.00 | 3.00 | 4.00
Count 10 3 2 0 0 15
MORMAL % within 66.7% | 20.0% | 13.3% | 0.0% | 0.0% (100.0%
RDWCV . . ) ) . .
Count 16 0 4 0 2 22
1505 % within 72.7% | 0.0% |18.2% | 0.0% | 9.1% (100.0%
RDWCV . . ) ) . .
Count 11 7 7 2 1 28
RDQNC 16.5-18.5 % within
RODWCV 39.3%(25.0% | 25.0% | 7.1% | 3.6% [100.0%
Count 2 1 6 5 0 14
165295 96 within 14.3%| 7.1% | 42.9% | 35.79% | 0.0% [100.0%
RDWCV . . ) ) . .
Count 2 1 4 11 3 21
ABOVE
o e
20.5 é)DV\\//{;g\r} 9.5% | 4.8% |19.0% |52.4% | 14.3% (100.0%
Count 41 12 23 18 6 100
Total % within
RODWCV 41.0% | 12.0% | 23.0% | 18.0% | 6.0% [100.0%

Pearson Chi-Square=

56.836* P<0.001

Maximum of 52.4% of Grade 3 & 14.3% of Grade 4 RE2N CV

above 20.5%, whereas 66.7% patients without entapithy have

normal RDW CV.
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PORTAL VEIN DIAMETER WITH RDW SD

pv_diameter_grouy
CROSSTAS NORM |ABNORM | 0@
AL AL
Count 10 5 15
NORMA
0
j RDWST"DWLE'(’;'EOUPC 66.7% | 33.3% [100.0%
Count 7 11 18
46.1-50 0 i
Owan e oupd 38.9% | 61.1% |100.0%
Count 3 24 27
RDWSD_5GRO ., ;1 69 N
UPS % within o . .
RDWSD 5GRoupd 1117 | 88.9% 1100.0%
60.1 - 70 o
RDWSA)DngEOUPC 50.0% | 50.0% |100.0%
Count 1 23 24
ABOVE
o rih
° RDWSA)DWQEEOUPC 42% | 95.8% [100.0%
Count 29 71 100
Total o
RDWST"DWLE'(’;'EOUPC 29.0% | 71.0% [100.0%

Pearson Chi-Square=  26.003* P<0.001
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Comparison of RDWSD with PV DIAMETER
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Most important variable in doppler to determine tak

hypertension: portal vein diameter shows a positoreelation

85



RDW CV AND PORTAL VEIN DIAMETER

pv_diameter_grouy
NORM |ABNORM| Tt
AL AL
Count 9 6 15
NORMAL O it
Y% within 0 0 0
RDWCV 60.0% | 40.0% |100.0%
Count 10 12 22
14.5-16.5 . .
% within 0 0 0
RDWCV 455% | 54.5% (100.0%
Count 6 22 28
RD\YV © 165185 % within
0, 0, 0
RDWCV 21.4% | 78.6% [100.0%
Count 3 11 14
18.5-205 .. .
% within 0 0 0
RDWCV 21.4% | 78.6% [100.0%
Count 1 20 21
ABOVE
20.5 % within 0 0 0
RDWCV 4.8% 95.2% [100.0%
Count 29 71 100
Total O it
Y% within 0 0 0
RDWCV 29.0% | 71.0% |100.0%

Pearson Chi-Square= 17.055* P=0.002
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Since 95.2% of increased portal vein diameteeensn patients

with RDW CV above 20.5%, it clearly signifies thegitive association
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PORTOSYSTEMIC COLLATERALS WITH RDW SD

Portosystemic_collat

rals Total
N Y
Count 14 1 15
NORMA
N
S ey upd 933% | 6.7% |100.0%
Count 18 0 18
46.1-50 o
RDWSA’DnggOUPC 100.0% | 0.0% |100.0%
Count 27 0 27
RDWSD 5
—°  50.1-60 o
GROUPS RDW?DnggOUPC 100.0% | 0.0% |100.0%
Count 11 5 16
60.1 - 70 o
owean e upd 688% | 31.2% |100.0%
Count 5 19 24
ABOVE
—
70 RDWSA)DngrIIQOUPC 20.8% | 79.2% |100.0%
Count 75 25 100
Total 04 withi
RDWS/ODWIEEQ?QOUPC 75.0% | 25.0% |100.0%

Pearson Chi-Square=

88

55.578* P<0.001




Maximum collaterals (79.2)% is seen with rdw sdueal above 70fl. Also

P value below 0.001 signifies the positive correlat

CH CHILD TURCOTTE PUGH SCORE WITH RDW SD

Child_Turcotte_Pugh_score

moderately |most severg¢
least severe _ _ Total
_ _ severe liver| liver
liver disease _ _
disease disease
Count 9 2 4 15
NORMAL % within
60.0% 13.3% 26.7% 100.0%
RDWSD_5GROUPS
Count 7 9 2 18
46.1-50 % within
38.9% 50.0% 11.1% 100.0%
RDWSD_5GROUPS
Count 0 16 11 27
50.1-60 % within
0.0% 59.3% 40.7% 100.0%
RDWSD_5GROUPS
Count 0 5 11 16
60.1-70 % within
0.0% 31.2% 68.8% 100.0%
RDWSD_5GROUPS
Count 0 2 22 24
ABOVE 70 % within
0.0% 8.3% 91.7% 100.0%
RDWSD_5GROUPS
Count 16 34 50 100
% within
16.0% 34.0% 50.0% 100.0%
RDWSD_5GROUPS

Pearson Chi-Square=

64.755* P<0.001
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Similar to the individual components, the entir@rsog system
significantly correlating with RDW SD , consequgnghowing the P

value below 0.001

BAR DIAGRAM SHOWING THE CTP SCORE CORRELATION

WITH RDW SD

Comparison of RDWSD with Child Turcotte Pugh score
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0%

NORMAL 46.1-50 50.1-60 60.1-70 ABOVE 70

M Least severe liver disease M Moderately severe liver disease = Most severe liver disease
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RDW CV CORRELATION WITH CTP SCORE

Crosstab

Child_Turcotte_Pugh_score

| moderately Total
east severs .~ JImost severg¢
: . severe liver. )
liver diseast di liver diseas¢
isease
Count 9 1 5 15
NORMAL % within
) 0 0 0
RDWCV 60.0% 6.7% 33.3% |100.0%
Count 6 10 6 29
14.5-16.5 ...
Yo within 0 . . .
RDWCV 27.3% 45.5% 27.3% |100.0%
RD\>NC 16.5-18.5 % within
) 0 ) 0
RDWCV 3.6% 60.7% 35.7% |100.0%
Count 0 5 9 14
18.5-205 , ...
Yo within 0 . , .
RDWCV 0.0% 35.7% 64.3% |100.0%
Count 0 1 20 21
ABOVE
20.5 % within 0 . , .
RDWCV 0.0% 4.8% 95.2% |100.0%
Count 16 34 50 100
Total o
Yo within 0 . . .
RDWCV 16.0% 34.0% 50.0% |100.0%

Pearson Chi-Square=
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Comparison of RDWCV with Child Turcotte Pugh score
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DISCUSSION



DISCUSSION

This study is a type of prospective observatiomadlys conducted
in the male medical wards of Institute of Intermdédicine at Rajiv
Gandhi Government General Hospital. A Sample pdjuaof 100
subjects were enrolled in the study. based upordésggned inclusion
and exclusion criteria. The study was approved hstitute ethics
committee and the informed consent were obtained fthe patients
involved in the study. They were subjected to mstaking, physical

examination and the appropriate investigations.

The main objective behind this study to observe laigtlight the
importance of RDW in patients with chronic livesdase and to correlate
the same with mortality. Hence many variables weased and so

compared.

Of the 100 patients included in the study, 27% (maxn) had the
RDW SD range of 50-60fl & RDW CV range of 16.58%. Age, as a
variable does not appear to be significant indepetig as P value being

0.267.

Serum levels of total bilirubin shows better caateln with both
RDW SD & RDW CV. With the P value of <0.001, taldlearly depicts

that patients with RDW SD above 70fl have 100% almad bilirubin
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levels & those with RDW CV >16.5% have abnormaluesl of 90 &
above. Being the excretory component, bilirubinelsvare increased in

liver injury, thereby emphasizing its sensitivity.

Prothrombin time and INR values also indicateslitrex function
as they are altered in coagulopathy. In our stuithey are well

comparable with RDW as they show significant P gadti<0.001.

One of the synthetic function of liver, serumuatbn levels was
taken into account. Then correlated with RDW valuaserse relation
was observed as patients with RDW SD above 50fI[RARCV above

16.5 had high levels of serum albumin.

The first two variables of CTP score- Encephaloahy Ascites
shows a significant correlation with P value <0.BGtients with RDW
SD above50 & RDW CV above 20.5% had moderate tersascites.
Similarly Grade 3 & Grade 4 encephalopathy weren segatients with

RDW levels.

The potal vein diameter in doppler is a predictdr portal
hypertension. This variable is compared with RDWuga and it is
directly proportional as increased portal diameteows elevated RDW.
This study further highlighted the presence of geystemic collaterals in

high RDW values.The CTP score as determined byvihaial variables
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was proportionately increased & comparable with Rb&lues. In the
study by Attia et al, this score is comparable aadal efficious with

MELD scoring as a predictor of mortality.
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CONCLUSION



CONCLUSION

Although there are several evidences in favouhefrion-invasive
biomarkers in the diagnosis of CLD & Portal hypesgien, the reliability
of the procedure is under study. However, RDW mayobe of the

economically advantageous diagnostic tool.

In the purview of prognostic significance of theigats with portal
hypertension, RDW in this study showed a remarkatsgociation in
regard to the severity of CTP score. Moreover, asoa-invasive
diagnostic marker, RDW may become a promising itgatory tool in
treating as well as predicting the outcome of thaent suffering from

liver pathology.

Eventhough assessment of RDW in relation with sgvef portal
hypertension may be a newer approach, the chasittestandard
prognostic scoring modality like CTP score havenbeeluded in the
study to overcome the possible misinterpretatiothefresults.In future,
other standard scoring modalities in addition taeseof required non-
invasive diagnostic tests integrated with RDW miawg fits prospects in

the medical arena.

96



LIMITATIONS



LIMITATIONS

Sample size of the study may not be adequate errdeting the

prognostic prospects of the chronic liver disease.

Data collected from the population may not sufficepredicting

the outcome of portal vein velocity in relationR®W.

RDW being studied as an important diagnostic teolseveral
diseases such as coronary artery disease, isclstroie & others, but
the data is lacking in pertinent to correlationRDW in patients with

portal hypertension as a sequel of CLD.
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ANNEXURES



PROFORMA

NAME OF THE PATIENT
AGE / SEX

OP/ NUMBER
OCCUPATION
ADDRESS

CONTACT NUMBER
COMPLAINTS

Duration of iliness
Abdominal Distension
Haemetemesis/malena/

other bleeding manifestations

PAST HISTORY
Similar illness
Co-morbidities
PERSONAL HISTORY

Alcohol Duration

OTHERS
GENERAL EXAMINATION

Quantity



Pallor: Icterus: Clubbing: Lymphadenopathy:
Odema:
VITALS
Pulse Rate: BP: Respiratatg: Temperature:
SYSTEMIC EXAMINATION
CARDIOVASCULAR SYSTEM
RESPIRATORY SYSTEM
ABDOMEN
Ascites Splenomegaly
CENTRAL NERVOUS SYSTEM
COMPLETE HEMOGRAM
HB: RDW: MCH: MCV:
MCHC: Platelet: PS:
LIVER FUNCTION TEST
TB: DB: Albumin: Liver
enzymes:
PT:aPTT: INR:

RENAL FUNCTION TEST



ULTRA SOUND ABDOMEN
Ascites

Splenomegaly

PORTAL VEIN DOPPLER
Diameter of main portal vein
Direction of flow

Mean velocity

Cavernous transformation

Porto systemic collaterals

CHILD TURCOTTE PUGH SCORE
Total bilirubin (mg/dl)

Serum albumin (g/dl)

Prothrombin time (secs)

Ascites

Hepatic encephalopathy
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Introduction

Chronic liver disease and its complications are regularly encountered in the medical wards. Regardless of the cause

of the initial insult, fibrosis becomes the main component of chronic damage to the liver.

Hepatic fibrosis and its dary lications are dynamic p that in certain situations can be

provided that the underlying insult has been removed.

One of the most complication is portal hyp ion. Direct q are ascites, spl I
wvariceal bleeding. hepatorenal syndrome and portal hyp i hy. It is also impli iin
bacterial peritonitis, heatopul v synd: . hepatic halopathy. The imp of portal hyertension and

its complications is reflected by the fact that it is one of the common causes of death and liver transplantation in

patients with chronic liver disease.

Knowledge of portal hyertension and its severity is very essential for assessment of progression of disease and
prognosis. It also aids in determining the need for invasive procedure for diagnostic and therapeutic intervention,

optimisation of treatment. and to estimate its response.



INFORMATION SHEET

We are conducting a study on “ASSESSMEQF RED CELL
DISTRIBUTION WIDTH IN PORTAL HYPERTENSION AND ITS
CORRELATION WITH CHILD TURCOTTE PUGH SCORE AMONG
PATIENTS WITH CHRONIC LIVER DISEASE” among patientvho are
admitted in male medical wards, Rajiv Gandhi Gowsent General Hospital,
Chennai and for that your co- operation to underg@sound, portal doppler
and your blood sample may be valuable to us.

The purpose of this study is to predict the seyeof portal
hypertension in patients with chronic liver diseas®d to correlate this
parameter with Child Turcotte Pugh score.

We are selecting certain cases and if you are faligtble, we would
perform extra tests and special studies which ywvaay do not affect your
final report or management.

The privacy of the patients in the research will taintained
throughout the study. In the event of any publaratr presentation resulting
from the research, no personally identifiable infation will be shared.

Taking part in this study is voluntary. You aredr® decide whether
to participate in this study or to withdraw at amye; your decision will not
result in any loss of benefits to which you areesotfise entitled.

The results of the special study may also be ineoh¢o you at the end
of the study period or during the study if anythisgound abnormal which
may aid in the management or treatment.

Signature of Investigator Signature/left thumipigssion
of Participant

Date:
Place:
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PATIENT CONSENT FORM

Study Detail : “ASSESSMENT OF RED CELL DISTRIBUTION
WIDTH IN PORTAL HYPERTENSION AND ITS
CORRELATION WITH CHILD TURCOTTE PUGH
SCORE AMONG PATIENTS WITH CHRONIC LIVER
DISEASE”

Study Centre - Institute of Internal Medicine, Rajiv Gandhi Goverent
General Hospital, Chennai.

Patient's Name

Patient’s Age

Identification

Number

Patient may check4) these boxes

| confirm that | have understood the purpose otpdure for the above study. |
have the opportunity to ask question and all mystjaes and doubts have been
answered to my complete satisfaction. O
| understand that my participation in the studyatuntary and that | am free to
withdraw at any time without giving reason, withauty legal rights being
affected. O
| understand that sponsor of the clinical studipecd working on the sponsor’s
behalf, the ethical committee and the regulatorthauities will not need my
permission to look at my health records, both Bpeet of current study and any
further research that may be conducted in relataih, even if | withdraw from
the study | agree to this access. However, | utaledsthat my identity will not
be revealed in any information released to thirdi@s or published, unless as
required under the law. | agree not to restrictube of any data or results that
arise from this study. O
| agree to take part in the above study and to ¢pmujth the instructions given
during the study and faithfully cooperate with gtedy team and to immediately
inform the study staff if | suffer from any detaation in my health or well

being or any unexpected or unusual symptoms. O
| hereby consent to participate in this study. O
| hereby give permission to undergo complete dihiexamination and
necessary investigations. O
Signature of Investigator Signature/thumb impi@s

Study Investigator’'s Name: Patient’'s Name andrAds:

DR.JAYASUDHA.D
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MASTER CHART



S. No. Age Sex Hb (g/dL) | Platelet (x1000/uL) | RDW-SD (fL) | RDW-CV (%) | TB (mg/dL) | Serum albumin (g/dL) | PT (sec) INR Ascites Encephalopathy
1 53 M 14 304 44.7 15.1 0.3 2.3 12.9 1.17 Moderate 2
2 41 M 13.5 95 49.1 14.7 4 3.5 17.8 1.56 Moderate 4
3 46 M 6.9 95 66.8 17.9 125 2.6 23.5 2.03 Moderate 3
4 39 M 5.4 250 69.3 22.1 20.5 2.2 18.9 1.72 Moderate 3
5 40 M 7.4 176 52.8 17.4 7.4 2.2 16.1 1.36 Moderate 4
6 40 M 9.3 132 57.3 17.7 28.9 2.2 19.8 1.82 Severe 3
7 42 M 5.4 43 58.9 15.2 2.9 2.9 17 2.4 Mild 2
8 45 M 125 52 67.6 19.2 0.2 3.7 22.8 1.93 Moderate 3
9 43 M 11.2 37 60.3 16 27.5 2.2 26 2.4 Moderate 4
10 45 M 14.9 141 41.5 14 3.3 2.9 14.9 1.32 Mild 0
11 40 M 9.3 132 57.3 17.7 28.3 2.4 19.8 1.82 Moderate 2
12 51 M 14.5 191 52.4 17 2.1 3.5 17.9 1.52 Moderate 1
13 39 M 8.3 160 50.5 17.8 1 3.2 16.5 1.46 Moderate 1
14 34 M 5.7 116 63.9 22.8 0.4 2.7 19.3 1.63 Moderate 4
15 57 M 9.6 99 62 16 4.8 2.1 18.5 1.57 Moderate 0
16 32 M 2.7 95 48.6 21.4 0.5 3.3 14.5 1.22 Moderate 1
17 45 M 16.5 284 52.6 18.3 2 3.9 21.3 1.88 Moderate 2
18 40 M 10.3 30 63.1 19.4 3.9 3 16.7 1.48 Moderate 2
19 58 M 6 14 84.2 22 2 2.6 16.1 1.42 Severe 3
20 57 M 5.6 99 47 13.7 0.2 2.5 10.1 1.12 Moderate 2
21 47 M 3.1 72 66.4 21.1 7.3 3.2 20.3 1.72 Moderate 2
22 40 M 9.7 38 61.5 20.4 10.1 2.5 14.8 1.25 Moderate 0
23 58 M 8.4 42 65.6 18.9 4 2.4 13.7 1.23 Moderate 2
24 50 M 13 41 53.9 17.6 1.9 2.5 19 2.4 Severe 2
25 30 M 13.6 396 44.4 13.8 0.8 3 18.8 1.59 Mild 0
26 45 M 8.8 260 62.3 22.7 5.1 2.4 22 2.3 Severe 0
27 58 M 7.1 229 43.9 12.5 0.6 3.9 14.8 1.32 Moderate 0
28 45 M 11.4 280 72.1 20.9 5.5 2.9 26 4 Moderate 0
29 57 M 5 91 80.1 23.1 3.8 2 12.7 1.23 Moderate 3
30 47 M 11.6 165 57.5 16.2 2.1 1.9 18 1.12 Moderate 0
31 53 M 10.4 120 49.4 17.5 2.5 3.2 12.8 1.3 Moderate 0
32 34 M 7.2 91 80.3 22.4 4.8 2.1 21 1.9 Moderate 3
33 46 M 9 102 61.5 17.3 2.5 3.1 14 2 Moderate 2
34 57 M 12 232 48 15.5 0.4 3.4 16 1.03 Moderate 0
35 37 M 15 340 41 125 0.8 3.9 10 1.14 Moderate 0
36 43 M 10 88 72 19 1.2 3 13 2 Moderate 2
37 58 M 9.4 74 81 22 2.8 2.3 18 3.2 Moderate 2
38 52 M 14 242 48 15 2.5 3.7 9 1.1 Mild 0
39 36 M 12 120 54 17 2.8 3.1 12 1.3 Moderate 0

40 47 M 10 120 77 20 12.1 1.7 16.5 5.6 Moderate 3




Spleen size | Liver size | Liver echoes | PV diameter (mm) | PV velocity (cm/s) | Portosystemic collaterals Child Turcotte Pugh score Child Turcotte Pugh score
11 13 N 12 12 N 9 B
9 11 C 11 10 N 11 C
14 8 C 18 8 N 12 C
17 7 C 16 9 Y 12 C
11 12 C 12 12 N 12 C

12.9 11 C 11 13 N 13 C
12 13 C 13 11 N 12 C
12.5 8.5 C 16 8 N 8 B
13.4 9 C 12 9 N 14 C
11 10 C 12 10 N 9 B
12.9 11 C 11 13 N 11 C
10 14 C 13 17 N 9 B
14.8 10 C 17 8 N 8 B
15 10 C 20 8 Y 10 C
9.8 9.6 A 9 14 N 10 C
18.3 9 C 21 9 N 8 B
13 10 A 18 12 N 9 B
15 10 C 8 14 N 10 C
15.3 9 C 18 8 Y 12 C
9.1 11 C 32 10 N 10 C
13 12 C 13 20 N 11 C
13.6 9 C 25 9 Y 10 C
14.2 10 C 13 10 Y 11 C
11 9.5 C 16 11 N 13 C
9 12 C 9 26 N 7 A
16 8 C 12 9 Y 13 C
11 12 A 12 14 N 6 A
9.5 9 C 13 10 N 12 C
14 7 C 17 9 N 12 C
12 10 C 15 14 N 11 C
13.6 9.1 C 14 9 N 8 B
16 7 C 24 6 Y 13 C
11 10 C 17 9 N 10 C
12 11 A 16 18 N 7 B
9 11 A 12 20 N 6 A
11 11 A 13 16 N 9 B
16 7 C 28 7 Y 12 C
10 10 A 12 14 N 6 A
13.5 10 C 18 9 N 8 B
16 8 C 22 6 Y 14 C




41 55 M 9 90 81 22 7.1 1.3 18 3.4 Moderate 3
42 43 M 14 113 55 15 2.9 3.4 13 1.5 Moderate 0
43 36 M 15 220 43 13.5 4.8 3.3 16 2.2 Moderate 1
44 44 M 9.5 130 51.5 18 2.6 3.3 10 1.3 Moderate 0
45 51 M 10.5 240 49 16.5 0.8 3.2 11 1.1 Mild 0
46 53 M 8.8 78 60.3 19.5 1.4 3.3 20.5 2 Moderate 1
47 36 M 15 200 48 16.5 1.8 3.9 12 1.2 Mild 0
48 37 M 6.8 66 80 21.5 4.4 2 18.5 1.9 Moderate 3
49 42 M 16 280 41 13 0.7 3.8 11 1.14 Mild 0
50 47 M 9 110 52 16.5 2.6 3.3 12 1.6 Moderate 2
51 36 M 9.4 76 78 21.5 2.7 2.6 16 2.2 Moderate 2
52 45 M 10 101 52.5 18.5 2.1 3.2 14 2.1 Moderate 1
53 55 M 11 150 43.5 12.5 4.1 3.1 17 1.8 Moderate 1
54 46 M 14 120 55.5 18 2.4 3 12 1.5 Moderate 1
55 48 M 7.1 88 76 20.5 5.1 2.2 20 1.9 Moderate 3
56 41 M 13 220 45 13 0.7 3.7 6 1.2 Mild 0
57 51 M 12 170 48 15.5 1.8 3.6 7 1.1 Mild 0
58 42 M 6.1 56 74.5 22.5 12.1 1.8 12 3.1 Moderate 3
59 47 M 13.5 124 52.5 18.5 2.5 3.2 12 1.3 Moderate 0
60 52 M 15.5 248 47.5 16 0.4 3.4 6 1.03 Moderate 0
61 57 M 5.4 14 79 21 4.3 1.4 18 3 Moderate 3
62 37 M 13 200 47.5 15.5 2.4 3.6 8 1 Mild 0
63 48 M 11 145 51.5 17.5 2.3 3.1 10 1.04 Moderate 0
64 52 M 9.5 98 68.3 19 1.4 3 15 1.9 Moderate 2
65 39 M 14 280 44 12 0.6 3.7 5 1.15 Mild 0
66 47 M 13.5 133 55 18.5 2.3 3 10 2.1 Moderate 1
67 51 M 12.5 121 53.5 18 2.6 3.2 14 1.3 Moderate 0
68 41 M 6.5 32 80.3 21.8 3.8 1.8 16 1.8 Moderate 3
69 44 M 14.5 220 42 12.5 3.8 3.3 14 2.2 Moderate 2
70 47 M 11 200 47.5 16 0.8 3.4 12 1.04 Mild 0
71 53 M 10.5 98 53.5 18.8 2.2 3.1 16 1.3 Moderate 0
72 40 M 9.5 102 54.5 18 2.6 3.2 14 2.1 Moderate 2
73 41 M 15.5 270 44.5 13.5 0.6 3.6 6 1.14 Mild 0
74 46 M 8.5 74 81.5 20 2.9 2.4 18 4.5 Moderate 2
75 51 M 12.5 110 56.5 18.5 2.7 3.1 14 1.3 Moderate 0
76 50 M 7.5 68 79.5 21 4.2 2.2 20 1.8 Moderate 4
77 47 M 14 250 48 16 0.6 3.4 8 1.01 Mild 0
78 49 M 12 48 64.5 18.5 1.6 3 12 2.1 Moderate 1
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79 52 M 13.5 210 48 15.5 2.5 3.7 15 1.1 Mild 0
80 48 M 6.5 84 80.5 22 2.8 1.7 21 4.2 Severe 4
81 32 M 14 212 45 14 4.8 3.3 16 2.2 Moderate 1
82 46 M 8.5 66 79 20.5 9.5 1.7 19 5.5 Moderate 3
83 37 M 11.5 130 53.5 18 2.6 3.1 14 1.4 Moderate 0
84 49 M 16 280 48.5 16.5 2.3 3.8 8 1.08 Mild 0
85 58 M 4.5 33 81 21 2.9 2.2 21 4.5 Moderate 2
86 38 M 9.5 120 65.5 18.5 1.3 3.1 10 2 Mild 1
87 44 M 14 350 42 12.5 0.8 3.8 5 1.15 Mild 0
88 55 M 12 180 48 16 0.4 3.4 8 1.05 Mild 0
89 38 M 10.5 115 54 17.5 2.7 3.1 11 2.1 Moderate 2
90 53 M 6 54 81 22.5 5.2 2.2 15 1.8 Moderate 3
91 52 M 12.5 180 53.5 17 2.5 3.2 10 1.3 Moderate 0
92 38 M 6.8 89 78.5 19 4.8 2.1 20 1.9 Moderate 3
93 49 M 5.8 73 81 22.5 10.1 1.7 19 5.6 Moderate 3
94 47 M 10.4 124 57 17.5 2.8 3.1 13 1.3 Moderate 0
95 55 M 10.5 220 54 16 2.5 3.1 17 2 Moderate 2
96 59 M 13 180 49.5 16 0.4 3.4 8 1.03 Mild 0
97 51 M 12.5 130 48 17 2.5 3.8 6 1.1 Mild 0
98 37 M 7.4 72 78 20 2.8 2.3 18 3.2 Moderate 2
99 39 M 8.5 98 75 18.5 1.2 3 14 2 Moderate 2
100 43 M 14.5 250 40.5 12 0.8 3.9 5 1.14 Mild 0
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