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ABSTRACT

Background: Non-alcoholic fatty liver disease (NAFLD) is a dider categorized by
extreme fat accumulation in the form of triglycexsd(steatosis) in liver has been associated
various other disorders, including renal abnorneditspecially with respect to the renal
artery dimension, but this association has not Iségtied by much scholars.

Objectives: To establish a relationship between non-alcohalityfliver disease (NAFLD)
with renal artery narrowing in patients coming be tRadiology department of KLE’s Dr.
Prabhakar Kore Hospital, Belagavi on the basis ©n C

Methodology: A prospective comparative study was conducted fréanuary 2023 to
December 2023 at KLE's Dr. Prabhakar Kore Hosp@lpatients in control and 34 in case
group including either gender, aged more than 18rsyeControl group had all the
individuals of either gender aged above 18 yeai) mo history of non-alcoholic-fatty-
liver disease (NAFLD) on examination. Case group,had included the patients diagnosed
with NAFLD. All the patients subjected for abdomemd pelvis CT. Renal artery diameters
were measured using a 128-slice CT scanner. $tatiahalysis was performed using SPSS
software.

Results: The mean age of controls was 40.86 + 13.72 yeatsN&AFLD cases were 49.44
+ 12.41 years, showing a significant difference<(p.05). We observed significant increase
in the incidence of smokers and obese patientase group but there was no significant
difference in renal artery diameter. There is gjremgnificant positive association between
Smoking (0.028), Obesity (0.018) hypertension ambetes (0.086 & 0.068) with the
NAFLD. NAFLD cases demonstrated a statisticallyngigant difference in both right
(controls: 5.49 + 0.508 mm, cases: 4.57 + 0.641 nam) left renal artery diameters

(controls: 5.717 £ 0.5 mm, cases: 4.68 £ 0.616 mwompared to controls (p < 0.001).



Conclusion: NAFLD has significant negative correlation withnad artery dimensions,
there is need for further clinical studies withdeg study population in this regard to better

understand the same

Xi
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INTRODUCTION

Non-alcoholic fatty liver disease (NAFLD) is a dider categorized by
extreme fat accumulation in the form of triglycesd(steatosis) in liver especially
when it surpasses its weight by 5-10%. SubgroupSAFLD patients also display
injury to liver cell and inflammation in additioro tunwarranted fat known as
steatohepatitis and is referred as Non-Alcoholeagthepatitis (NASH). NAFLD is a
liver injury that happens in the nonattendancelafl@l abuse and embraces an array

of histological anomalies.

Though many conditions such as alcohol abuse, iigp@t viral infection
(HCV), drug toxicity, starvation would lead to fatinfiltration of the hepatic cells,
non-alcoholic fatty liver disease is the term reedrmainly for the liver manifestation
with respect to metabolic syndrome. Aspects thatagcountable for rapid growth in
prevalence of this condition includes increasebasity, sedentary lifestyle, diabetes,
and inapt use of drugs. Although this is one of ¢benmon conditions, yet under-
diagnosed/recognised with less known facts abaupd#thogenesis, treatment and

natural history.

Metabolic abnormalities such as obesity and the af non-alcoholic fatty
liver disease (NAFLD) are closely intertwined. Aysificant majority (74-90%) of
patients undergoing liver biopsy exhibit liver cgas due to the accumulation of
triglycerides. In obese patients undergoing sutgidarvention ie., bariatric surgery,
NAFLD is found to be highly prevalent (89%). Foo#e with class Ill obesity, the
likelihood of developing steatohepatitis increasds) approximately 15% to 20% of

these patients being diagnosed with NASH

Page 1



| ntroduction

NAFLD pervasiveness has been bigger in many westedhAsian countries.
Complete countless estimations, it has stood recamded that upto 30 percents of
grown-ups may have NAFLD in the United States ofekice (USA). Prevalence
figures of non alcoholic fatty liver disease relyech on the population being studied
and diagnostic criteria used. Recent study fromadamvolving healthy middle-aged
individuals, non alcoholic fatty liver was found be 20% using Ultrasonongraphy

diagnosis, which is similar to the Italian studyttwiwenty percent prevalence.

In other countries, prevalence of non alcoholityfdiver disease in general
population as defined in USA varies from 9 to 29%Akia, 16% in Mexico, 30% in
Israel and 23% in Itafy A number of other studies have communicated &ehig
prevalence of NAFLD disease among people with T2BMcomparison with non-

diabetics which were found to be ranging from 4@%%.59%.

Even on considering the NAFLD prevalence among Rsieific population, it
is seen widely prevalent and found to be increagegmetrically and is governed by
a majority of risk factors for NAFLD which includégpe Il diabetes, central obesity,
metabolic syndrome and dyslipidemia. Indian epidsgogical studies suggest the
NAFLD prevalence in general population to be aro@¥ to 32% with higher

prevalence in those suffering from diabetes anal alesity.(Duseja, 2010).

Non-alcoholic fatty liver disease is often diagrbsafter routine lab
investigations or an imaging study is done for soatker purposes. Transient
elastography (TE) is a diagnostic tool which hasrbédesigned and developed to
measure liver stiffness via ultrasound. Presencesanerity of fat deposition can be

measured using non contrast Computed tomography Wdich is quite helpful in
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NAFLD evaluation. However, the most accurate antsé@e imaging technique is

Magnetic resonance imaging (MRI).

Non-alcoholic fatty liver disease (NAFLD) is a atin-pathological entity that
encompasses simple hepatic steatosis, necroinflionmaith varying stages of
fibrosis known as non-alcoholic steatohepatitis @}, and cirrhosis. NAFLD may
be a new, and added risk factor for extrahepatseaties such as cardiovascular
disease (CVD), chronic kidney disease, colorecgaicer. Chronic kidney disease
(CKD) is associated with a variety of distinct dise processes that permanently
change the function and structure of the kidneyosgrmonths or years. Chronic
kidney disease (CKD) is becoming more common, mgpsansubstantial global

burdert®,

Chronic kidney disease (CKD) is defined as a glataerfiltration defect or
proteinuria that lasts longer than three monthsnést instances, CKD leads to end-
stage kidney disease (ESKD), necessitating kidraysplantatioh Through typical
alterations, including glomerular sclerosis, tubu@rophy, and tubular interstitial

fibrosis, kidney biopsy specimens can demonstratear indication of CKD.

Chronic diseases have turned to be a major puleladtiin problem. Chronic
diseases are a leading root of morbidity and moytah India and other low and
middle income countries. Chronic diseases also kn@as Non-communicable
diseases (NCDs), have a propensity to be of lomgtidum and are the result of a
combination of genetic, physiological, environméraad behavioral factors and
account for about 60% of all deaths worldwide.

A quick global survey conducted by the World He&lganization (WHO) to

assess Non-Communicable Diseases (NCDs) managemenyg COVID 19 found
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NCD services has huge impact especially in low+aitle-income countries (WHO,
2020). Chronic diseases have contributed to ab8% 6f the total deaths in 2012,
nearly three quarters of which 28 million have besported from the low and middle

income countries.

As per the World Health Organization (WHO), enhahcentrol of infectious
diseases, rapid urbanization and aging populatidh amplify probable chronic

deaths to about 52 million by 2030 (Global stagmort — WHO, 2014).

CKD may be regarded as one of the clinical modehafelerated vascular
disease and premature ageing and the risk-factofilgprchanges during the
progression from mild- moderate CKD to End Stagdni€y Disease (ESKD). CKD
has become a worldwide public health problem, othithe number of patients and

cost of treatment involved.

The association between NAFLD and renal disease rbkasived little
attention. In the review of recent literature, atide and systemic metabolisms are
compatible with renal dysfunction. The kidney ifighly vulnerable organ damaged
by reactive oxygen species, likely due to the abumod of long chain poly
unsaturated fatty acids in the composition of reli@tls and systemic oxidative
species can result in peroxidation of lipid thatynhave an effect in calcium oxalate

stone formatioh

Further data suggest that fatty liver may resulicianges, leading to an
increased incidence of renal dysfunctiodence, a study was designed to establish a
relationship between non-alcoholic fatty liver dises with renal artery disease on the

basis of CT.
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OBJECTIVE

To establish a relationship between non-alcohalityfliver disease (NAFLD)
with renal artery narrowing in patients coming he Radiology department of KLE’s

Dr.Prabhakar Kore Hospital, Belagavi on the bagi€d.
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REVIEW OF LITERATURE

NON-ALCOHOLIC FATTY LIVER DISEASE [NAFLD]

Non-alcoholic fatty liver disease [NAFLD] is regad as a hepatic
manifestation of diabetes mellitus and metabolicdsgme. Various co morbidities
are commonly presented with NAFLD such as type @belies, impaired glucose
tolerance, obesity, hyperlipidemia and hypertensidms further leads to increase risk
of cardiovascular disease and can add to the adwaardt of liver injury’. Hence
improving the insulin resistance may give rise asea therapeutical approach to
NAFLD.

Liver anatomy and physiology

With secretions coming from the hepatitdscboth inside and externally, the
liver is the largest gland in the human body. Afiassing through the bile capillaries,
the bile ducts gather the bile, which is its exé¢secretion. This accumulation forms
two sizable channels, which eventually unite tonfahe hepatic duct. The bile is
transported by the cystic duct to the gall bladfiemn where it is emptied into the
duodenum by the bile duct to aid in digestion.

After being absorbed by the gut, carbohydrates rattdgenous material are
processed by internal secretions and transportéidettiver by the portal vein. Once
in the liver, carbohydrates are stored as glycagwhthen released as sugars into the
bloodstream.

Liver is situated in the upper right quadrant of sibdominal cavity, resided
in, the greater part of the epigastrium which ima@dt the whole of the right
hypochondrium, and not especially broadening in® left side as long as the

mammillary line.
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In males, the liver weighs between Indl 4.6 kg, but in females, it weighs
between 1.2 and 1.4 kg. It makes up around 1/18thecbody weight in the fetus and
one-third of the body weight in the adult, respeslyi, however it is comparatively
larger in the fetus than in the adult. It can reaaghaximum transverse length of 20—
22.5 centimeters.

The largest anterior to posterior dimenst the top end of the right kidney is
10-12.5 centimeters, whereas the vertical measunteimearound 15-17.5 cm, near
the right surface. The measurement taken earlisnierse is halved to approximately
7.5 cm in front of the spinal column. It is verysealar, soft, firm, and friable. It has a

1.05 specific gravity and a dark reddish brown colo

gt kabws

Falcitomm
ligarmignt

Galtadder

Figure1: Anatomy of livert!

The liver is divided into two lobes,ight and left lobe. The right lobe and the
left lobe are sharply separated by the falciforgamhent, with the left lobe being
smaller. To the extent that the fifth intercost@hee is concerned, the upper surface of
the liver is well-positioned. The superior, posterianterior, and right surfaces are
intricately linked to the anterior part of the abdoal wall and diaphragm, and they
are all continuous with one another. In generas, lther has inferior, superior, and

posterior surfaces.

Page 7



Review Of Literature

The superior and inferior surfaces are separatddoit by a distinct, sharp
border, with the remaining edges being rounded. Shperior surface of the
diaphragm links to the anterior abdominal wall tigh a falciform peritoneum, and
the falciform ligament resembles a curving cordilsinto the severed umbilical vein.

The 5 fossae of the inferior and posterior surfaresdivided and arranged in

the form of the letter H.

Figure2: Surfacesof liver!

The division of the liver into right and left lobés by left limb of the H on
these surfaces, known as the left sagittal foske donsists of 2 parts, i.e., the fossa
for the ductus venosus behind and the fossae éaurtibilical vein in front.

Caudate process separates the two fossa of thelindhof the H, behind by
the fossa for the inferior vena cava and in fronttee fossa for the gall-bladder. The
bar that joins the H's two limbs is called the pdransverse fissure; the quadrate lobe
is in front of it and the caudate lobe is behind it

The hepatic vein, the hepatic artery and the peeal are the blood vessels
connected to the liver. The portal vein and hepatiery are supplemented by several

nerves, ascending to the porta, between the lafdare lesser omentum. Blood from
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the liver is carried away by the hepatic veins. Tieeves originating from liver i.e.,
the left vagus and sympathetic nerve, enter the&@ord go along with the vessels and

ducts into the interlobular spaéés

Non-Alcoholic Fatty Liver Disease

Non-alcoholic fatty liver disease [NAFLD] is a livalisease due to insulin
resistance associated with metabolic stress anetigesusceptibility having common
pathological features to alcoholic liver diseasealsenteeism of significant alcohol
consumption or other causes of liver diséasélo define non alcoholic fatty liver
disease it requires -

(a) evidence of abnormal fatty infiltration, diaged either by histology or

radiological imaging techniques.

(b) No other causes for hepatic fat build-up sashalcohol abuse, hereditary

disorders and use of steatogenic medication.

In majority of patients, NAFLD is associated withesity, diabetes and dyslipidemia.
Histologically, non-alcoholic fatty liver diseasedlassified into

a) Non-alcoholic steatohepatitis (NASH)

b) Non alcoholic fatty liver (NAFL).

Non alcoholic fatty liver (NAFL) is defined as fatcumulation in liver with no
evidence of hepatocellular injury or inflammatioNon alcoholic steatohepatitis
(NASH) is defined as the presence of fat accunutatind inflammation with hepatic
cell injury with or without fibrosi&®. The spectrum of non-alcoholic fatty liver disease
is from abnormal fat build up to nonalcoholic stéepatitis (NASH) and ultimately

might lead to hepatocellular carcinoma and cirrtbsi
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Epidemiology

The worldwide prevalence of NAFLD vary between 68638% with a 20%
median in the general population, based on diftedeagnostic modalities. However
the projected prevalence of non-alcoholic steatatigp (NASH) is lower, varying
from three to five percent. NASH related cirrhgsievalence in general population is

unknowrt®.

Demographics

Age, sex and ethnicity have been associated witifferential prevalence for
NAFLD. Several studies have shown that the prewalesf NAFLD increases with
age®l’ In older patients with NAFLD the disease might gness to advanced
fibrosis'® Many recent studies have reported that male sex rsk factor for fatty

liver disease.

Incidence of NAFL D

A recent meta-analysis by Riazi et’akestimated the incidence of NAFLD at
46.9 cases per 1,000 person-years. The inciden®d¢A&LD was higher in males
(70.8 cases per 1,000 person-years) than in fenfa&9 cases per 1,000 person-
years,P<0.0001). However, all included studies were cotelign Asia; hence it is

unclear whether these data are generalizable &y p#rts of the world.

A previous meta-analysis focused on NAFLD in Agparted an incidence of
50.9 per 1,000 person-years, with the highest erad of 63 per 1,000 person-years
in mainland China and the lowest incidence of 281p@00 person-years in Japan

The NAFLD incidence in South Korea was around 4&esger 1,000 person-years
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Taken together, the estimates for NAFLD incidentésia remain consistent across

several meta-analyses.

Prevalence of NAFLD

Riazi et af’ pooled data from 72 studies (1,030,160 individuand
estimated that the global prevalence of NAFLD imledwas 32% . The prevalence
was higher in males than females (40% vs. 28%0.0001). The prevalence of
NAFLD increased from 26% in studies from 2005 orieato 38% in studies from
2016 or beyond. However, data from this study bgzRet af® requires cautious
interpretation, as data were available from onlycaintries, hence it is unclear if the
estimates from this study are a true reflectiofglabal’ prevalence. The relative lack
of studies emphasizes the need to improve dat@atiwh from regions such as
Africa, Oceania, and South America, where data haelsing. Le et &f. also pooled
data from 245 studies (2,699,627 individuals) asiiheated the global prevalence of
NAFLD at 29.8%, which is consistent with Riazi'sidings. Likewise, in this study,

there was limited or no data from Africa, Oceania] North and South America.

Aetiology

Accumulation of fat in liver is due to involvemeot various factors such as
underlying genetic and acquired factfr§atty liver disease could be:
1. Primarily when there is no underlying cause xpl@&n fat accumulation that too
without large amount of alcohol intake.
2. Underlying cause is required to be addressetheamanagement is different from
that of the primary type.
3. Other common causes include- alcohol abusel wifections such as HCV and

hepatitis HBV. Other causes which are less commerpeotein calorie malnutrition,
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rapid weight reduction, lipodystrophy, parenterafrition, HIV infection, gastric by-
pass surgery, inflammatory bowel diseasepdymproteinemia, bacterial overgrowth
with small bowel diverticulosis.

Micro-vesicular fat buildup where mitochondrial @iysction plays a major
role might be due acute fatty liver in pregananog &ye syndrome. Drugs such as
antimicrobials (zidovudine and tetracycline), syttt estrogens, tamoxifen, steroids,
methotrexate, fialuridine, valproic acid, amiodapncocaine, didanosine, and

petrochemicals may also lead to NAF®D

Pathogenesis of NAFLD

NAFLD pathophysiology has not yet been completatglerstood, in recent
years much growth has been seen in understandimgpaithological process of
progression from abnormal fat accumulation to madeanced liver fibrosis. The
knowledge is based on the current understandi?N?&fLD pathogenesf§
1. TheTwo Hit Hypothesis

Initially the proposed theory for NASH pathogenesies based on a “two hit
hypothesis”. Accumulation of fat in the form ofgiycerides was described as first
hit’, increasing sensitivity of hepatic injury wasediated by ‘second hits’, not
limited to oxidative stress, mitochondrial dysfuoot and inflammatory
adipokines/cytokines. This combination consecuyivédads to fibrosis and/or
steatohepatitis. The role of free fatty acids (FAbeing increasingly recognized in
directly promoting hepatic injury leading to moddtion of this theory. Increased
inflow of free fatty acids to the liver has beensetved in obesity and insulin

resistance.
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These free fatty acids are either esterified witttgrol or underg@-oxidation
to form triglycerides, preceding to hepatic steiato&nough evidence has been
gathered on free fatty acids showing its directolm@ment in causing toxicity by
increasing the oxidative stress and by initiatibmammatory pathways.

Hence the accumulation of triglycerides in livergimi be a protective
mechanism to prevent the toxic effects of uneseetifree fatty acids. Hepatic cell
death in healthy liver initiates replication of mia hepatocytes, however the central
feature of non-alcoholic fatty liver disease pa#mgsis i.e., oxidative stress, inhibits
this replication resulting in fibrosis/cirrhosis wh is considered as ‘third hit’ of

NAFLD?,

2. Insulin Resistance (IR)

Many of the abnormalities reported in NAFLD contrié to IR by interfering
with the insulin signaling cascade. These incluBi&s$; nuclear factor kappa B (NF-
kB), tumor necrosis factor-alpha (TNF; cytochrome CYP2EL, jun N-terminal
kinase 1 (JNK1), ceramide and SOCS (suppressangakine signalling).

Lipolysis of adipose tissue is suppressed by therpoaction of insulin,
however, in non-alcoholic fatty liver disease, wharsulin resistance is predominant;
this suppression is inhibited resulting in an iased outflow of the free fatty acids
from the adipose tissue. Hyperinsulinaemia is lthkéth insulin resistance which
leads to inhibition of3-oxidation of FFA for promoting hepatic lipid accufation
and for the up-regulation of a key 32 transcripgioregulator gene that is sterol

regulatory element binding protein-1c (SREBP#.c)

Page 13



Review Of Literature

3. Genetic Factors

It is suggested that there is a crucial relatignshétween environmental
factors and genetic predisposition in pathogeneSiBIAFLD. This is highlighted
using the fact that steatosis is common in pati@m®ng insulin resistance and
obesity but only a minor proportion of it progréesnon-alcoholic fatty liver disease
and cirrhosis. Gene polymorphisms is related taatwe stress, insulin resistance,
lipid metabolism, cytokines/adipokines and fibroggis can alone or in combination
increases the susceptibility to developing nonadioHatty liver disease.

Many studies have acknowledged SNP’s (single ntidegolymorphisms)
influencing development of fibrosis in other hepatiiseases, particularly chronic
hepatitis C. However, studies in non-alcoholicyfditter disease have so far showed
polymorphisms in transforming growth factgtl (TGFf1) genes and the
angiotensinogen genes in obese patients assoocmdtedadvanced liver fibrosis.
Additionally, single nucleotide polymorphisms iretAngiotensin 2 type one receptor
which is associated with an increased risk of nieo¥elic fatty liver and related
fibrosis. Still more studies are required for idcdtion of exact role of proposed

geneé®30

4. Lipid Accumulation

NAFLD is characterised by the triglyceride accuniola built up from the
esterification of glycerol and FFA within the hepatells. To demonstrate relative
contribution of lipid accrual in NAFLD patients, sdudy was done using multiple-
stable-isotope methodology. The results concludeat faround sixty percent of
triglyceride content in the liver is derived fromflow of free fatty acids and from

adipose tissue while 26% from de novo lipogend3iSL(), and 15% from diet. This
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is in contrast to healthy individuals in whom devadipogenesis contributes less than
five percent of hepatic triglyceride formatidn Unusual changes of microsomal

transfer protien/apolipoprotein B synthesis andsdsretion is proposed as potential
mechanism responsible for non alcoholic fatty lidesease pathogenesis leading to a

reduced capacity for lipid expoit.

5. Inflammatory Mediators

The manifestation of steatosis and chronic livdtammation are strongly
associated with an effect that is partly mediatgdiritiation of the kk-B/NF-«xB
signalling pathway. In hepatic cell thextp/NF-«xB pathway can be directly activated
by free fatty acids, offering an additional mectsamiby which central obesity with
subsequent increase in hepatic free fatty acidglgugan add to inflammation. Serum
and hepatic levels of tissue necrosis factor apfeaincreased in patients with non
alcoholic steatohepatitis correlating with histot@d severity. Additionally to its
proinflammatory effects, tissue necrosis factor halpalso promotes insulin
resistanc®. Role of mitochondrial dysfunction and oxidativéress is well
established in non alcoholic steatohepatitis ptgienrrelating with advanced disease
and with a higher degree of oxidative stress. Inmab liver beta-oxidation takes place
in the mitochondria, but in non alcoholic fattydivdisease context this process can be
overwhelming as a result of increasing load of fiegty acids, giving rise to reactive

oxygen species (RO%B)
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Pathogenesis of NAFLD
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Figure 3: Below image illustrates all pathologies of NAFID

RENAL ARTERY DISEASE

Kidney disease is considered as a global publittih@aoblem which affects
more than 750 million people worldwide -GBD Dalgrd Hale Collaborators, 2016.
The burden of kidney disease varies across thedywith its detection and treatment.
Although the magnitude and impact of kidney diseargebetter defined in developed
countries, promising evidence suggests that deweopountries have a similar or
even greater kidney disease buren the midst of increasing life expectancy and
prevalence of diseases, India has seen a notewasthyn occurrence of CKD and it
is currently one of the frequently occurring nomreounicable diseases in India.
CKD is growing globally and it presents challengmsthe health systers There are

several studies that suggest that the risk forhdediich is increased independently
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among individuals who have less severe impairmékidmney function and are not

dependent on dialysis, compared to those who hasepred kidney functidfr

However, rigorously conducted studies have fourad slight or no significant
rise is the cause or cardiovascular mortality e gbtting of mild to moderate chronic
kidney diseas®*l Even though the precise pathophysiology is noidluand mild
forms of CKD are known to be associated with matpidnd mortality along with
societal and individual impacts which are excepliynpracticed in disadvantaged

communitie&?

Regardless of medical assessment, renal dysfundtowdlefined as the
occurrence of renal injury (albuminuria) or impditeédney functioning designated by
increased glomerular filtration rate (eGFR) up @onBL/min per 173 rhfor at least 3
months, according to Kidney Disease Improving Glokatcomes (KDIGO).
According to the severity of kidney damage, KDIGQ2tegorizes it into five phases

based on glomerular filtration rate [Fig 4]

hd

= e more than 90 mL/min per 173 m?
¢ 60-89 mL/min per 1-73 m?
¢ 30-59 mL/min per 1-73 m?

¢ 15-29 mL/min per 1:73 m?

\/v e less than 15 mL/min per 1-73 m?

Figure 4: Phases of renal dysfunction based on GFR
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Considering GFR is a prevalent indicator of kidn&ynctioning and
albuminuria as a sign of glomerular injury, GFR aaldbuminuria are used to
categorize CKD. Both have been demonstrated todoerate indicators of CKD
results. The following standards define chronialeig disease:

» Duration >3 months based on documentation or interen
» GFR <60 mL/min per 1-73fm

» Increased glomerular permeability, urine ACR > 3Qgng/

Progresawe decline jn renal

CCeee

Figure5: Progression of kidney fibrosisleading to end stage kidney disease

Epidemiology and Prevalence

In conjunction with, and irrespective of, reduceBRGand the risk factors for
cardiovascular disease, several demographic résdas discovered progressive
associations between rising albuminuria, their alityt and its kidney functioning.
Proteinuria plays an essential role in the pathepmhygy of the illness developed,
according to observations from potential therapegsearcts+4

The prevalence of CKD is reported in an increasimgnber of studies
worldwide, which has made it possible to aggreghtr findings and to derive
information about global CKD prevalence. Study hessassessing the prevalence and

burden of CKD in 2010 concluded that among 33 path-based representative
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studies around the world, reported an age-starmtatdglobal prevalence of CKD
staging from 1-5 in individuatks20 years of 10.4% among men and 11.8% among
women. Study reported important differences by gmglgc region classified by
income level, with CKD age-standardized prevaleoic8.6% and 9.6% in men and
women, in high-income countries, and 10.6% and %258 men and women,
respectively, in low and middle-income countriesheTage-standardized global
prevalence of CKD stages 3-5 in adal®® years in the same study was 4.7% in men
and 5.8% in women.

A recent study conducted a comprehensive systermatiew and meta-
analysis among 100 studies comprising 6,908,44miat and reported a global
prevalence of 13.4% for CKD stages 1-5 and 10.6%6CKD staging 3-5. The
prevalence of the individual in CKD stages was 3(8%ge 1), 3.9% (stage 2), 7.6%
(stage 3), 0.4% (stage 4), and 0.1% (stage 5).MBnhbasis the results of studies
examining the global prevalence of CKD, the currral number of individuals

affected by CKD stages 1-5 worldwide was estiméteuke 843.6 milliorf?

M echanisms/pathophysiology
Nephron loss

In humans, nephrons are formed between 13 to 3&saafepregnancy, with
an average of 950,000 nephrons per kidney (ranigamy 200,000 to >2.5 millior.
Ever since this time, no additional nephrons carptmeluced. To satisfy growing
kidney requirements, the existing nephrons contigtmving over development. In
addition, GFR diminishes with aging. However, nepisr can cope with transitory
rise in filtration fraction by escalating eGFR tesngrily with no transformation and

continuous rise in body mass during pregnancy esitp which encourages nephron
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hypertrophy mainly consisting of enhanced companenit the glomerular tuft,

Bowman's capsule, and the proximal tub. Nephrors,la®ich as damage or
transplantation of one of the kidneys, can causer#sidual nephrons to become
hypertrophic. Moreover, severe kidney damage ofjurmtion of damage and age
related nephron reductions increases GFR (singleéfoe) and removal of remaining

nephrons, particularly in those with low nephroseme and obesity

Nephron hypertrophy

Increased GFR (single-nephron) and glomerular Hgpsion over glomerular
filtration barrier and implying glomerular hypetfition cause residual nephron
hypertrophy. Rise in glomerular filtration and hyge@sion causes the production of
TGFB (transforming growth factdd) and EGF (epithelial growth factor) recept8f$
, that encourage hypertrophy of nephrons and loglemerular hypertension by
raising the filtering surface. Furthermore, despng half of their nephrons, kidney
donors can retain a 'normal’ kidney function thatakelevated GFR (single nephron)
and remnant nephron hypertrophy. Once kidney dom@sppropriately screened for
healthy nephron supply, the lack of obesity, dimbéiseases, and additional types of
nephritic damage, kidney transplantation does nbtays result in CKB
Hyperfiltration-induced elevations in the glomerulrea, on either hand, can be
hazardous in some case¥ Increased applied load on podocytes causes ptalocy
separation, focal segmental glomerulosclerosis &S@lobal glomerulosclerosis,
and eventual nephron atrophy; a feedback loop déimés nephron amount and

expands the glomerular filtration barfi&?®.
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Impaired glomerular filtration.

Angiotensin |1l secretion and the mTOR pathway snostaontinuous
hypertrophic podocytes and increased glomerul&nafibn, eventually exacerbating
podocyte depletion and albuminuria. Angiotensirhdrmone regulates vasculature
constriction and aldosterone release of componerthé renin-angiotensin system
(RAS). Therefore, the sodium retention and a nisblood pressure. Aldosterone, in
effect, inhibits glomerular barrier filtering perfoance, perhaps by reducing the
production of nephriff. Angiotensin Il may potentially play a role in dysctional
reaction of progenitor parietal epithelial cell®ray with Bowman's capsule, which
results in FSGS lesions rather than the replaceofenissing podocytes. Proteinuria,
a hallmark of nephron injury and a predictor of @avement of chronic kidney
disease (eGFR drop of >5ml/min/1.73m2 per year, éinical manifestation of this

intrinsic reshaping the glomeruRis®.

Fibrosis.

Interstitial fibrosis is generic wound healing pees caused by nephron
depletion. Proximal tubular epithelial cells ardiaated by invading immune cells,
albuminuria, and, in diabetes, glucosuria, leadimghe release of proinflammatory
and profibrotic substances that induce inflammatoegponses and interstitial
fibrosil. Interstitial fibrosis appears to promote addiibmephron damage by
promoting kidney ischemid although scar production may physically stabilize

residual nephrons in various orgéhs
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Figure 6: Etiologies of fibrosis

Diabetic
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Immune-
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Intracellular acidosis, Anaerobic metabolism, anaplasmic reticulum
stress are involved in the elevated tubular trarispapacity of remaining nephrons,

which induce secondary tubular cell danfdge

ASSOCIATION OF NON-ALCOHOLIC FATTY LIVER DISEASE [ NAFLD]

WITH CHRONIC KIDNEY DISEASE [CKD]

Non-alcoholic fatty liver disease (NAFLD) is a dtirpathological entity that
encompasses simple hepatic steatosis, necroinflaiormavith varying stages of
fibrosis known as non-alcoholic steatohepatitis @}, and cirrhosis. NAFLD may
be new, and added risk factor for extrahepaticadise like CVD, chronic kidney
disease, colorectal cancer, endocrinopathies imdudype 2 diabetes mellitus
[T2DM] and thyroid dysfunction, and osteoporosis.

Majority of studies reported that NAFLD is indepently associated with

CKD even after adjusting for traditional risk faxddike age, sex, BMI, hypertension,
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diabetes (and duration), smoking, and hyperlipi@&niThe presence and severity of
NAFLD are associated with an increased risk anersgvof CKD,

CKD is associated with increased risk of end-stagal (kidney) disease and
of cardiovascular disease. Life-threatening conaplbmis are preventable through
early identification and treatment of CKD. Earlgognition of CKD has the potential
to reduce health-related burden, and search i®ondw modifiable risk factors for
CKD. One possible new risk factor is non-alcohdétty liver disease, which, like
CKD is becoming increasingly comnfn

Early recognition and its treatment is aimed atuoéng the renal disease
progression and CVD complications may limit its lieaelated burdefl. Patients
with stage 3 CKD benefit from early referral stgigef®. Despite these premises,
CKD often goes unrecognized: in the Third Natiohigalth and Nutrition Survey
(NHANES 111), and among all individuals with sta§eCKD, the awareness was only
8.2968".

The high morbidity, mortality, and health care sostith CKD has led
investigators to seek novel modifiable risk factdten-alcoholic fatty liver disease is
a hepatic manifestation of the metabolic syndroheg affects 30% of the general
adult population and 60%—-70% of diabetic and olpasients®.

NAFLD encompasses a histological spectrum that eanfrom simple
steatosis to non-alcoholic steatohepatitis (NASH)h or without advanced fibrosis.
NAFLD confers an increased risk of cirrhosis, ldygénited to NASH, and CVD,
independently of metabolic syndrome and traditiais factors through mechanisms
which remain uncleé&?.

Growing experimental and epidemiological evidenoggests that NAFLD

and CKD share a common pathogenic mechanisms aechdtion’. Evidence for
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link between NAFLD and CKD is uncertain due to dnsudy populations and
borderline association between NAFLD and traditiamsk factors for CKD in the
literature published. A meta-analysis on the asdmei of NAFLD and CKD has not
been conducted till date.

In cross-sectional studies, the prevalence of CK&¥ ®0- 55% in patients
with NAFLD compared to patients without NAFLD whiclwas 5-30% with a
persistent association even after adjustment forddd other common risk factéts
In a meta-analysis study conducted in 13 longitaldgtudies, risk of incident CKD
was 80% greater in NAFLD (HR: 1.79, CI: 1.65-1.9%dependent of overlapping
cardio-metabolic risk factot$ Similarly, in a meta-analysis of 9 observatiooaiort
studies, presence of NAFLD was associated with% #reased risk of CKD stage
>3 (HR: 1.37, Cl: 1.20-1.5%

Importantly, more advanced NAFLD has even greatepaict on incident
CKD findings. In comparison to NAFL, NASH is beessaciated with an increased
prevalence (OR: 2.53, CI: 1.58-4.05) and incide(ld®: 2.12, CI: 1.42-3.17).
Histological components that define NASH is pomtdlammation score>3 which is
associated with significant increase in the riskesfal outcomes (HR: 6.58, p=0.001)
when it is adjusted for age, sex, insulin resistafiR), and hypertension (HTK) In
comparing biopsy proven NASH with control non-NAFLBdividuals matched for
age, sex, and body mass index, there is a significencreased prevalence of CKD
and albuminuri&

Among patients with NASH, incident risk of CKD imases further with
greater stages of CKD (OR: 2.49 CI: 1.21-5.13 agst3b, 3.45 CI: 1.15-10.39 in
stage 4, 3.87 CI: 1.1-13.58 in stage 5). In a mpast@malysis from a trial which

studied impact of lifestyle changes on biopsy-prowASH said that histological
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resolution of NASH had an improvement in kidney diion (GFR 2.32 vs-1.04
mL/min/ 1.73 m2 , p=0.04) irrespective of weightdoth comparison to lower stage
of fibrosis, NASH with advanced fibrosis is assoethwith higher risk of incident for
CKD (HR: 3.29, CI: 2.3-4.71) that is progressiveigreased with higher stages of
CKD (OR: 7.48 Cl: 2.95-18.97 in stage 3b, 7.66 ZF2-21.56 in stage 4, 12.67 CI:

4.49-35.76 in stage 5)

Fibrosis staging in NASH has a graded associatitth wecreasing GFR
which is independent of age, body mass index, R, @mponents of the metabolic
syndrome. Improvement of a single fibrosis stagblASH leads to improvement in
kidney function (GFR +7.6 vs —1.98 mL/min/1.73 m&,(01) irrespective of weight

loss’®.

The Link between NAFLD and CKD: Common Risk Factors and Shared
M echanisms

NAFLD is a multiorgan disease and is strongly asged with type 2 DM,
CVD, and CKD. A causal relationship between NAFLII&KD is difficult to prove
due to their risk factors including IR, DM, HTN, slipidemia, and obesity.
Numerous shared risks and pathogenetic mechaniamg @ut similar processes of

injury with interplay between the organs (Figure 7)

H
i

26293996699

Figure7: Role of a Gut-AT-Liver-Kidney AxisLeadingto NAFLD and CKD
Page 25




Review Of Literature

IMAGING TECHNIQUESTO EVALUATE NON-ALCOHOLIC FATTY
LIVER DISEASE AND CKD

There is a substantial motivation for the developimef non-invasive
approaches for the management of NAFLD and imag@uatpniques that quantify
hepatic steatosis or liver stiffnéggBrunt EM, 1999], and to assess other potential
guantitative imaging biomarkers. Recent progresaadern imaging techniques over
the past 2 decades in non-invasive imaging teclesigan help to detect and quantify
hepatic steatosis and are increasingly chosenriical setting.

Focus on non-invasive imaging techniques such asasound (USG),
computed tomography (CT), and magnetic resonanagiimg (MRI) for the diagnosis
and staging of NAFLD, provides an overview of thencepts, diagnostic
performance, and advantages and limitations of esmproach. Hence, we are
focusing on the CT for diagnosis and to estimageptevalence of CKD in NAFLD.
CT is a generally used imaging technique for thadoatinal exam that can objectively
guantify liver fat content. X-ray absorption of tifigty tissue is less than that of
normal hepatic tissue, resulting in a decreasett@naation as fat concentration

increases.

USG OF RENAL ARTERY

Machine for USG intended for renal artery examoratshould be equipped
with duplex functionality for evaluating the colocoded blood flow which would be
preferably an additional option in order to vismalg low-velocity blood flow as well
as recording the spectrum of blood flow. As theaterand related arteries are deep
located, a typical convex transducer which is haulre frequency of 2-5 MHz (most

commonly 3.5 MHz) must be used in most cases. Ilt-prepared, lean patients,
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blood flow assessment might be performed using BtMHz multi-frequency linear

transducer which allows more accurate hemodynangasorements and the most

favorable Doppler insonation angle

INDICATIONS FOR DOPPLER ULTRASOUND OF RENAL ARTERIES

¥

3

NATIVE ARTERIES (PATIENT'S OWN KIDNEY) TRANSPLANTED KIDNEY ARTERIES

. Hypertension (especially for a significant suspicion
of renovascular hypertension)

N

. Monitoring of patients with previously diagnosed
renovascular disease (e.g. after endovascular
intervention)

3. Vascular murmur in the epigastrium

4. Suspected vascular pathology, such as aneurysm,
pseudoaneurysm, malformation or arteriovenous fistula

5. An attempt to identify the causes of renal failure
in patients at risk of renal vascular disease

6. Evaluation of renal vascularization in patients with
clinically known aortic dissection; traumatic patients;
or those with other diseases potentially reducing kidney
perfusion

7. Significant asymmetry in kidney size

1. Screening aimed at determining the baseline value
of renal hemodynamic parameters

2. Follow-up of abnormalities from previous examination

3. Coexistence of tenderness, pyrexia, sepsis or disturbing
clinical symptoms (increased creatinine, oliguria/anuria)

4. Evaluation of renal vascular patency

5. An attempt to identify the causes of hematuria,
hydronephrosis, ureteral dilatation, bladder pathology

6. Verification of the presence of perirenal cisterns

7. Transplant assessment in patients with coexisting arterial
hypertension

8. Assessment for iatrogenic damage/complications
after biopsy

9. Assessment for lymphoproliferative disease

Also, arterial flow study, the doppler USG is iralied in the above conditions

and the normal values of the same are as follows,

Page 27



Review Of Literature

Normal values of arterial parameters’®:

e PSV in the trunk of about 100 cm/s

¢ RAR (renal aortic ratio, the ratio of maximum blood flow velocity in the renal artery
to the maximum velocity in the aorta) of about 0.8—1.0

e AT (acceleration index, the rate of acceleration specifying the slope of the curve
expressed in m/s2) >3 m/s?

e AT (acceleration time, the time counted in seconds since the beginning of the
systolic phase to reaching the maximum velocity in the mid-systolic phase) <0.07 s

e PI (pulsatility index) 0.78-1.33

e RI (resistance index) about 0.5-0.8

Renal RI (RRI), introduced by Pourcelot et’ds defined as a: ratio of the
difference between maximum and minimum end-diastibdw velocity to maximum
flow velocity derived from the Doppler spectrum iafrarenal either segmental or
interlobar arteries. Normal RI values in adults ere¢he range of 0.47-0.70 with a
difference between two kidneys of <5-8 %. Resisihgex measured in intrarenal
segmental arteries is a well-known marker of remecular and interstitial damage,

corresponding to an increased total cardiovascigir

In chronic kidney disease, the RRI observed byclagi have been varied
widely but the cut off of >/=6.5 mentioned it as icator of severe interstitial fibrosis

(>20 %), severe arteriosclerosis and decline ofl femation.
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Limitations’s:.

» Anatomy and congenital defects — mobile kidney,tipld renal arteries, horseshoe
kidney

» Severe condition of the patient — lack of respmatmoperation as they might not
be able to at supine position and also the chamgespiratory pattern could affect

the view

« Difficult scanning conditions — large number ofdstinal gases or obesity

LIVER ON CONVENTIONAL UNENHANCED CT

Normal liver parenchyma is about 60 HU in unenhdnc&T, and it
hyperattenuates to the splé&rwhile steatosis is approximately at 40 HU, thei
tissue hypoattenuates to the fat-free spfeefihe sensitivity and specificity of
unenhanced CT for low-grade steatosis (cut-off eslul0-20%) are 57% and 88%,
respectively. For high-grade steatosis (cut-offueal 25%), the sensitivity and
specificity increase to 72% and 95%, respectffeld HU threshold of 48 in
unenhanced CT acquired at 120 kVp has been straepglyific (100%) for high-grade
steatosis (~30%), with a positive predictive vabhiel00% and negative predictive
value of 94%, with a sensitivity of 54%. Unenhan¢&d is usually preferable for
predicting pathologic liver fat content as assedsethistopathology because iodine-
based contrast agents increase hepatic attenupt@srenting precise quantification of
liver fat conterft?.

However, the absolute attenuation value of liverepahyma on an
unenhanced CT scan can be affected by beam hagdeffécts in patient with a large
body habitus and CT acquisition parameters inclydivip and vender-specific filters

and reconstruction algorithifis Therefore, instead of using absolute attenuatidne
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of liver parenchyma on unenhanced CT scan (CTi@naation differences between
the liver and spleen on unenhanced CT using theespds an internal control has
been thought to be a more adequate quantitativanper to evaluate hepatic
steatosi¥ Clinical CT provides a significant potential foretdcting incidental

steatosis and may aid in clarifying the standanes® of NAFLL¥®.

RENAL ARTERY ONCT

The renal artery on computed tomography (CT) imgggrtypically visualized
as a pair of major blood vessels emanating bildgeflmm the lateral aspects of the
abdominal aorta, just inferior to the superior nmésgc artery. Utilizing contrast-
enhanced CT angiography, the renal arteries aeelgldelineated, appearing as high-
attenuation structures that course laterally anstguimrly towards the kidneys. This
imaging modality allows for detailed assessmenthef vascular anatomy, enabling
the identification and characterization of pathatagconditions such as renal artery
stenosis, aneurysms, occlusions, and fioromusdyisplasia. Moreover, CT imaging
is instrumental in preoperative planning and potgsiventional evaluation of renal

vascular procedures..

COMPARATIVE STUDIES

Study done by Hamdy in 20%%3 found that NAFLD is good predictor of
cardiovascular diseases and renal diseases. A dardy by Leonard Kaps, Christian
Labenz et al (2020, Germadyfound NAFLD constitutes independent risk factar fo
CKD. Patients living with NAFLD should be monitorefdr change in kidney

function, facilitating therapeutic measures forriggl disease at an early stage.
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Seungho Ryu, Yoosoo Chang, Dong-Il Kim, Won SoomKByung-Seong
Suh (2007, Kored} found that the serum GGT may be an early predito the
development of CKD, independent of baseline condimo factors and the
subsequent development of hypertension. Amanda righauad Aijaz Ahmed (2021,
USA)®2 found that there is strong evidence for the irseeaprevalence and incidence
of CKD in NAFLD, including severity in NASH and adrced fibrosis. NAFLD and
CKD have similar impact on outcomes, mostly on maascular morbidity and
mortality. Hence, early recognition and screening €KD in NAFLD patients is

important to allow for earlier implementation ofeeant strategies.

Hossam EI-Din A. Mahmoud, Wael A. Yousry, SheréersSaleh, Mohamed
El Badry, Ahmed Hussein, Mostafa Hassan Ali et28120, Egypt)® found that RRI
was significantly higher in NASH patients with fidsis (mearr0.74) than NASH
patients without fibrosis (mean0.65) and patients with simple steatosis
(mear=0.63). It was the lowest in normal controls (medn61). G. Targher, L.
Bertolini, M. Chonchol, S. Rodella, G. Zoppi@P* Lippi et al (2010, Italy) found
that the age- and sex-adjusted prevalence of dtatsinopathy (53.2 vs 19.8%) and
CKD (37.8 vs 9.9%) was markedly higher in patiewith NAFLD than in those

without (p< 0.0001).

Maria Mohiuddif® and colleagues conducted a study to determine the
reference range of renal artery measurements loyg usultidetector CT angiography
and also to find the association of renal arterasneements with respect to artery
side, age and gender. They concluded that the mlieameter and mean length were
found significant between right and left side ofimeenal artery and between males

and females.
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MATERIALSAND METHODS

Patients above the age of 18 years coming to tipaireent of Radiology of
KLEs Dr. Prabhakar Kore Hospital, to get the CT @ahdn scan done during the 1-
year period from January 2023 to December 2023.
Study Design: Prospective comparative study

Study Period: January 2023 to December 2023

Sample Size: The formula used for sample size calculation is,

2 (Zapp + 75)°
= e T

where,d = <M)
o

where, pul is mean of the first group, u2 is mearthef second groups? is the
common error variance,, ,value is 1.96 for 95% confidence level afjd value is
0.8416 for 80% power. Considering between grouph(and without NAFLD) effect
size for renal artery diameter to be 0.8, at 5%ll®f significance, and 85% power,

the sample size is obtained to be 30 subjectsafcin group.
Total samplesizerequired is30 x 2 = 60 subjects.

As sample size increases, the accuracy increases.
Sampling technique: Convenient sampling.

Inclusion Criteria: Patients of age 18 years and older

All the individuals of either gender aged above yiEars, on the basis of
clinical history and CT examination who did not bdeatures of non-alcoholic-fatty-
liver disease (NAFLD) were kept in the control gooand the patients who had

features of NAFLD were included in the case/tesugr
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Exclusion Criteria:

o Known history of liver disease such as viral, genetutoimmune, and drug

induced liver disease
o Patients with positive test for Hepatitis B antigerHepatitis C antibody
o Patients with a history of alcohol intake or cancer
o Patients with previous history of overt proteinuria
o Patients receiving medical treatment for curredhkly disease

Study protocol:

Institutional ethical clearance was obtained. Stpdpulation were included
based on the above inclusion and exclusion crit€®&ailed protocol, the need for
CT, guidelines and detailed procedure of CT wadagxed to all the patients. Written
informed consent was taken. Demographic data,mpasdical, surgical, personal, and
present medical history were noted. Patients hadengone routine blood
investigations but those were not recorded by useasocused only on CT findings
and the comparative changes. CT was conducted us#8 slice Computed
Tomography machine manufactured by GE Healthcatandard abdomen scan
protocol was maintained. The observed findings weted.

Their scans had been evaluated for NAFLD and rariaty disease, and the findings

were noted and analyzed on SPSS.
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STATISTICAL METHODSUSED

Data was analysed using SPSS software version @1Eanel. Categorical
variables were given in the form of frequency tallentinuous variables were given
in Mean = SD/ Median (Min, Max) form. Categoricanables are analysed by Chi
square test. Ordinal data was analysed by Indepéndest and Mann Whitney U

test. Normality was analysed by Shapiro wilk t€stzalue less than or equal to 0.05

indicates statistical significance.
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RESULTS

Data contains information of total 64 subjects where divided in two groups,
Control were subjects without NAFLD and Test waubjscts with NAFLD. Control
group had 30 subjects and Test group had 34 ssbjébe mean age was 40.86 *
13.72 of controls and 49.44 + 12.41 of test. TH®Wing tables give the summary of

data.

Table 1: Distribution of subjects according to different variables over groups

Groups p-value
Sub Category

Variable Control Test

Mean + SD 40.86 +£13.72 | 49.44+12.41 0.010*t

Age (years) Median (Min, Max) 38 (20, 70) 51.5 (23, 76)

Right renal Mean + SD 5.49+0.508 | 4.57 +0.641 | <0.001*MW

artery diameter | Median (Min, Max) 555(4,6.3) | 46(3.1,6.2)

L eft renal Mean + SD 5.717 +0.5 4.68 £+ 0.616 | <0.001*MW

artery diameter | Median (Min, Max) 59(4.1,6.4) | 4.65(3.2,6.5)

Abbreviation: t- independent t test, MW- Mann Whitney U test, *- indicates statistical
significance

From independent t test, it can be observed tleaetis significant difference in the

means of age over groups. From Mann Whitney U iiesin be observed that there is

significant difference in the means of Right artdigmeter and Left artery diameter

over groups.
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Table 2: Distribution of subjects accordingto gender over groups

Variable Subcategory Control Test
Gender Female 18 (60%) 14 (41.2%)
Male 12 (40%) 20 (58.8%)
Total 30 (100%) 34 (100%)

In control group, there were 18 (60%) female an@4®%) male. In test group, there

were 14 (41.2%) female and 20 (58.8%) were male.
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Graph 4. Distribution of gender over groups
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Table 3: Distribution of subjects according to different variables over groups

Groups Total p-value
Sub Category
Variables Control Test
No 30 (100%) 29 (85.3%) 59 (92.7%) 0.0287*C
Smoking Yes 0 5 (14.7%) 5 (7.3%)
Right renal artery diameter 5.33+£0.41 542 +1.01 0.31
L eft renal artery diameter 5.21+0.9 4,96+ 0.3 0.17

51 (80.5%) 0.0108*C

Obesity No 28 (93.3%) 23 (67.6%)

Yes 2 (6.7%) 11 (32.4%) 13 (19.5%)
Right renal artery diameter 511+1.3 5.08 £0.7 0.14
L eft renal artery diameter 5.05+ 0.7 4.86 +0.39 0.11

Abbreviation: C- Chi square test, *- indicates statistical significance

From Chi square test, it can be observed thatetisesignificant association between

Smoking, Obesity and groups. However, no associatias observed between other

variables over groups.

Table 3A: Co-morbid conditions

Comorbidity | Sub category Control Test Total P value
Hypertension No 23 (76.7%) | 19 (55.9%) 42 (66.29)0-0806
Yes 7(23.7%) | 15(44.1%) 21 (33.8%)
Diabetes No 23 (76.7%) | 18 (53%) | 41 (64.8%) 0068
Mellitus
Yes 7(3.7%) | 16 (47%)| 23 (35.3%)
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DISCUSSION

As per the mined evidences, we found that themagisificant association of
NAFLD through numerous disease/disorders on wtiehmany clinical studies have
been conducted and published as well. But, onbefissociated cases among those,
the chronic kidney disease (CKD) which had beenvguoto be having very
significantassociation, has emerged as crucial one not oréytalits prevalence but
also the significanc®?%

Hence, the early diagnosis of the renal artery@ason has been one of the
most importantfor the prediction of cases betweBlAFLD and CKD. Than, the
earlydiagnosis, even the accuracy of assessment wipeces renal functicis also
critical for nephrologists as well as hepatologists

There has been usage of several methodologiesipuhlished data for the
valuation of renal functioning in cases of NAFLD date. Various formula for the
assessment of Glomerular Filtration Rate (eGFR) AHlmimin: Creatinine Ratio
(ACR) used are modest, practical, and straightfoalyaavailable means for the given
associatiorf>*Hence, we conducted this study to asses for thal @ery changes
among NAFLD cases.

We included total 64 individuals and divided themtwo groups, Control
were subjects without NAFLD and test or cases gneith NAFLD. Control group
had 30 subjects and Test group had 34 subjectsmBam age was 40.86 + 13.72 of
controls and 49.44 + 12.41 of cases. This diffeeewas statistically significant. We
could observe that patients in case group were tthde controls.Mohiuddin M et al
conducted a study to determine the normal dimessiohrenal artery on CT.
Multiplanar reconstructed (MPR) and Maximum inténgdrojection (MIP) images

with thin (0.5 mm) and thick (3 mm) slice thicknessvere used to evaluate the renal
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arteries. Axial MIP images were generated to vigeatenal artery along its route.
Renal artery diameter was measured in the proxamginent (1.5 cm from origin) of
the renal artery. They observed that the averaygg and left renal artery length were
44.69 £ 2.48 and 35.10 = 2.86 mm with the diameté18.66 + 0.39 and 6.79 £ 0.36
mm respectivelyThese values were comparatively lesser than owyssubjects.
This had significant difference but with no pathgt@ml changesAdded to this, elder
patients had observed to be having significant igaorrelation with the diameters
of both arterie$® which was not observed among our cases, whichdvbeldue to
lesser number of cases more than fifty-five-yedr-dh a study conducted b§bd
Elrahim E et al, the diameter were significantlgher in males than females with the
diameters of left and right renal arteries being83+1.37 versus 5.288+1.09 mm in
males and 5.544+1.14 versus 5.188+£1.05 mm amonglésmrespectively, though
these values were almost same as of our study cgsbjee did not find such
significant difference. As our study samples wamparatively lesser, through the
clinical observations found, which were also na@nsicant, statistical significance
also might not have been fouffdThe thickness of arteries among elders might be
due to formation of age associated atherosclerdsis.Y et al, a new study on
epidemiological distribution of NAFLD analysed thaf)- to 64-year-old were the
commonly affected age group. In the present st8y(60%) female and 12 (40%)
males were present in control group and 14 (41 2%hple, 20 (58.8%) males in test
group?’ Nagral A et al had reported the prevalence of NAFamMong various
countries including India. Based on their statgstibis is almost double among ntén.
Right renal artery diameter in controls and caessfroup were 5.49 + 0.508
mm and 4.57 + 0.641 mm respectively. Left renakmgrtdiameter in controls and

cases were 5.717 + 0.5 and 4.68 + 0.616 mm resp8ctiwhich had significant
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reduction in cases than controls. K Yasui et al Cdong NAFLD cases were 14%
(24/174) cases this was also a hospital based-sext®nal clinical trial like ours.
They had further assessed and interpreted that @E® 21% among non-alcoholic
steatohepatitis (NASH) cases with statisticallyngigant association even with
proteinuria®® Even in Targher G et al, NASH cases had signiflgdasser GFR than
non-NASH and NAFLD compared to non-NAFL.

These and few more evidences who had suggestedtriieg correlation
between CKD and NAFLD are mostly by doing eGFR,nerialbumin and
A:G.1%%Mahmoud et al is similar to our clinical protoce¥ho had recruited 150
patients and divided them as 3 different arms: dseS of NASH, 2. simple steatosis
and 3. Normal individual volunteers. Complete derapyy, past and present history,
clinical examination, blood tests, abdominal & pelvultrasound and RRI
measurement was done in them. RRI is time{imum flow velocity of the blood
during systole - minimum flow velocity of blood #te end of diastoleover peak
systolic velocity] Also, they found that, RRI among hepatic fibrosess about 0.74
and 0.65 in non-fibrosis cases, with significar ga statistical means. So, this could
be the fate of our patients as well if the analyss delayed, which would have led to
the progression of fibrosis in NAFLD which in tuleading to increased incidences of
CKD.1°2

This could be not happening on further explanabased on the findings of
scholar, Catalano et al who did not observe tlatiicant difference of RRI between
NAFLD compared to healthy volunteef8. Also, they did not find a significant
difference between NAFLD, RRI and the variationiver enzymes. Though we had
not mentioned the tables, we also could not seeaasgciation between the deviation

in liver enzymes and the renal artery changes itwWweAFLD and non-NAFLD.
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Below is the ROC curve obtained by Mohmmed et aictvlis explaining that RRI

also could be the sensitive, accurate indicat@ b in NAFLD patients'?
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As per our analysis, there is significant positasociation between Smoking,
Obesity, and the patients in test group. This §igphithat those with chronic history
of smoking, obesity is at higher risk of developimgn-alcoholic fatty liver disease
and the renal artery changes will be higher ambegd. For further explanation, peri
renal fatty accumulation in NAFLD would also altbe renal physiology, leading to
arterial changes in renal arteries.

Meanwhile, we did not see any association amonerothriables over groups.
Though there was comparatively reduced diametéotf right and left renal arteries
among the patients between control and test giaugmoking and alcohol usage, this
did not have any significant difference. We canssaitiate this with the findings by
Lin Y et al who had found that though the NAFLD éesmmon among elderly
patients, the cases with history of increased BBlehbeen the risk factor. Also, the
metabolic syndrome has been significant factorbiath hepatic and renal disorders,

of which BMI is one of the componertts.
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To further describe this we can see that even Maidneb al had reported the
observed positive correlation between BMI and RRlidating the resistance in
arteries being higher in NAFLD cases with renaggriabnormality:®> Yang M et al
would be one of the types of evidence we would tikenention, in which they have
described thabxidative stress, pro-inflammatory, profibrotic pesses and apoptosis
are the major pathology behind NAFLD due to accuatioh of fat'°® This could be
the similar cause for renal failure among thoseep#t in future. So, the assessment
of any specific pro-inflammatory/ inflammatory markwould have been one of the
crucial assessments and correlating that withehalrartery changes might have been
provided additional data for the future referendsper our analysis the renal artery
diameters of both left and right were comparatividgser among diabetics and
hypertensive patients, there was no significannghaas such but Lauder L et al in
their analysis of 1000 patients with hypertensifoynd that not only there was
significant reduction in the diameter of the adsrithere were also few cases of renal
artery anomalies such as single artery, accessteyies. The variation in diameter
was especially seen among the cases of unconttofieertensiort

As there was statistically increased number ofviiddials in test group were
chronic smokers, with hypertension and diabetessehalso could have been the
aggravating or might even be the associated faetirs NAFLD which have led to
decreased renal artery diameter, indicating the poagnosis with these associated

risk factors.
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CONCLUSION

The mean age of cases of NAFLD w44 + 12.41 years being significantly
higher than non-NAFLD. The right and left renaleayt diameters among controls
was 5.49 + 0.508 mm and 5.717 £ 0.5 mm respectivdigereas in cases, 4.57 +
0.641 mm and 4.68 = 0.616 mm were the diameterightt rand left renal artery
respectively with the statistically significant fdifence (<0.001). Whereas we did not
find any radiologically significant association maating with the symptoms of the
attended patients. Hence, there is need for fuctheical studies with bigger study
population in this regard to better understandsémme. There is strong significant
positive association between Smoking (0.028), (pe€.018), hypertension and

diabetes (0.086 & 0.068) with the NAFLD.
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Summary

SUMMARY

As per the available evidences, Non-alcoholic féitgr disease (NAFLD) is a
disorder categorized by accumulation of fat infibven of triglycerides (steatosis)
in liver.

This has been associated various other disordetsasimetabolic syndrome and
many other. Few recent evidences have shown rémalraalities specially with
respect to the renal artery dimension being aswatiaith NAFLD but this
association has not been studied by much scholars.

We had taken this study to establish a relationflgjpveen non-alcoholic fatty
liver disease (NAFLD) with renal artery narrowing patients coming to the
Radiology department of KLE’s Dr.Prabhakar Kore pitad, Belagavi on the
basis on CT.

There were 30 patients in control who were: theviddals of either gender aged
above 18 years, with no history of non-alcoholittyfdiver disease (NAFLD) on
examination. 34 in case: the patients diagnosetl WAFLD. All the patients
subjected for abdomen and pelvis CT.

In this study, the Mean age was 40.86 + 13.72 yefacontrols and 49.44 + 12.41
of test with no significant difference.

There was strong significant positive associatidsseoved between Smoking
(0.028), Obesity (0.018), hypertension and diab¢®e@86 & 0.068) with the
NAFLD.

There was significant statistical difference in tmmeter of bilateral renal
arteries in cases group than control group. Forctirerol group and cases, the

diameter of right renal artery was 5.49 + 0.508 4r¥ + 0.641 mm respectively.
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Whereas for left renal artery, it was 5.717 + 0/ in controls and 4.68 + 0.616
mm in cases with p value of <0.001.

Hence, we could conclude that NAFLD has significaegative correlation with
renal artery dimensions, there is need for furtti@ical studies with bigger study

population in this regard to better understandstirae.
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LIMITATIONS

LIMITATIONS OF OUR STUDY

Firstly, selection bias as thisis an observational study and the selection of the
patients is by the investigator on the basis of the presentation of the patient.

Secondly, as this is a single center observational study conducted at our
hospital with lesser sample size due to time limit as well as the number of cases with
NAFLD admitted during our study period were aso lesser, it cannot be generalized to
the popul ation. Hence, we stress on the need for clinical studies with more samples.

Moreover, we did not asses for other laboratory parameters including eGFR
which could have been one of the most reliable parameters. Also, the studies
conducted in this regard have been only on USG and lesser, than the studies regarding
the same comparing the outcome on the basis of USG and CT so that we could assess
which radiological modality would be accurate in early detection of CKD among

NAFLD cases, so, that the precaution and the required management could be done.

STRENGTH OF OUR STUDY

The first ever radiologica data analysing for the association of renal artery
diameter in NAFLD and comparing it with the control group (non-NAFLD) on the

basis of CT. Also, CT isanon-invasive study.
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Annexures

ANNEXURES — |
INFORMED CONSENT FORM
TITLE: “ROLE OF COMPUTED TOMOGRAPHY IN ESTIMATING T HE
PREVALENCE OF RENAL ARTERY DISEASE IN PATIENTS OF N ON-
ALCOHOLIC FATTY LIVER DISEASE: A ONE YEAR HOSPITAL BASED

PROSPECTIVE COMPARATIVE STUDY”

Objective: To establish a relationship between non-alcohobttyf liver disease
(NAFLD) with renal artery narrowing in patients cmg to the Radiology department of

KLE’s Dr.Prabhkar Kore Hospital, Belagavi on thesisson CT.

Introduction: Non-alcoholic fatty liver disease (NAFLD) is a dtirpathological entity
that encompasses simple hepatic steatosis, ndarmftion with varying stages of
fibrosis known as non-alcoholic steatohepatitis 84, and cirrhosis.

NAFLD may be a new, and added risk factor for enépmtic diseases such as CVD,
chronic kidney disease(CKD), colorectal cancer,oendopathies (including type 2
diabetes mellitus [T2DM]and thyroid dysfunctionjdaosteoporosis.

The prevalence of CKD in NAFLD patients ranged fr@i% to 54% compared to
3.7%-24.2% in non-NAFLD patients with the higheates being noted by Targher et
al. in an outpatient-based study of 343 type 1 atiab. Importantly, the majority of
these studies reported that NAFLD was independexgtbpciated with CKD even after
adjusting for traditional risk factors includingeagsex, BMI, hypertension, diabetes (and
duration), smoking, and hyperlipidemia[l]. The emse and severity of NAFLD are
associated with an increased risk and severitykdd[2].

Assessment of hepatic steatosis using CT is basdatieo measurement of attenuation

value of liver parenchyma, expressed as Hounsiielits (HU). Because attenuation
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value of fat, usually about -100 HU, is much lowrain that of soft tissue usually about
30-40 HU, attenuation value of liver parenchymareases as hepatic steatosis develops

and progresses [3].

Explanation of procedure: The patients referred to the Radiology departmenttie
CT abdomen will undergo the scan according to thedsard protocol.

Withdrawal from participation in the study: Participation in this study is voluntary.
You will be free to decide whether to participatethis study or continue participation
once enrolled. In case you decide to withdraw ymarticipation, you are free to do so.

However, please convey the decision to the prindipaestigator.

Possible benefits from participating in the study: You will/will not have nor get any
benefits by participating in this study. The datthgred will help the population at

large.

Possible risks from participating in the study: There are no risks involved in

participating in this study.

Privacy and confidentiality: The information collected from you will be coded, t
prevent any person from identifying you. Your itgnwill never be revealed. The data
collected from you will be kept confidential andlypprocessed or aggregated data will

be used for publication.

Financial incentives: You will not receive any payment for participatim this study.
Authorization for publication of aggregated data: Results obtained after processing
of the aggregated data will be published for sdienpurposes and or presented to

scientific groups. However, your identity will nrevbe revealed.
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Questions: In case of any questions with regard to this stydy, are free to contact:
REG. NO. BS0121007, If you have any question oengaints with regard to your right

as study participant you may contact Dr Harsha lde@hairperson, Ethical committee

of INMC, 0831-2473777 Extension 4052.

Legal rights: By signing this consent form, we are not waving ahyour legal rights.
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CONSENT STATEMENT

| am making a voluntary decision to participate tire study ROLE OF
COMPUTED TOMOGRAPHY IN ESTIMATING THE PREVALENCE OF
RENAL ARTERY DISEASE IN PATIENTS OF NON-ALCOHOLIC F ATTY
LIVER DISEASE: A ONE YEAR HOSPITAL BASED PROSPECTIV E
COMPARATIVE STUDY” . My signature below indicates that | have decided
participate and | have read the information progideove or the information provided
above has been read to me in the language thatidrstand best. | was given the

opportunity to ask questions and that they have la@swered to my satisfaction.

Name of the participant:

Signature or left thumb impression of the partioipa

Name of the witness:

Signature or left thumb impression of the witness:

Name of the investigator:

Signature of the investigator:
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ANNEXURE II-PROFORMA

TITLE: "ROLE OF COMPUTED TOMOGRAPHY IN ESTIMATING THE
PREVALENCE OF RENAL ARTERY DISEASE IN PATIENTS OF NON-
ALCOHOLIC FATTY LIVER DISEASE: A ONE YEAR HOSPITAL BASED
PROSPECTIVE COMPARATIVE STUDY”

NAME:

AGE & SEX:

CT NO.:

K/C/O LIVER DISEASE

K/C/O RENAL DISEASE

HYPERTENSION

DIABETES

OBESITY

SMOKER

RENAL ARTERY DIAMETER:
RIGHT

LEFT
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ANNEXURE III: FIGURES
CASE IMAGE 1

Figure 8: A case of a 59 year old female with NAFLD

WL:1 27 WW: 255 Cect Abdomen Pelvis
6.7 Tri Phase Abdomen

M ot 55,4 o (4
345 ey

Zoom: &% Angles L-R: 0°, S--90° _______
Im: 1/1 Seriesin4 B

a. Axial unenhanced CT image shows the attenuation vaés of liver

parenchyma as 30.0 HU which is consistent with fattliver

b. Axial contrast enhanced CT in the arterial phase MP image of the

same patient showing the diameters of right and léfrenal arteries as 3.2 mm
and 3.1 mm respectively
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CASE IMAGE 2

Figure 9: A case of NAFLD in a 54 year old male. Aal enhanced CT in the
arterial phase MIP image shows the diameters of rigt and left renal arteries

as 3.3 mm and 4.2 mm respectively.

CASE IMAGE 3

Figure 10: Axial enhanced CT MIP image in the arterial phaseof a 37 year

old male without NAFLD, showing the diameters of rght and left renal

arteries as 5.9 mm and 6.0 mm respectively.
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Master Chart
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ANNEXURE - IV

MASTER CHART

CONTROLS
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No

No

Yes
No

No

No

No
No

No

No

No

No

No
No

Yes

XaS

aby

55
37

53
50
33
62

33

76
44

36

52
31

52
40

51

70
38

23
74

67

48

53
55
43

52
41

51

54
59
54
45

35
54

60

‘ON 'S

10
11
12
13

14
15
16
17

18
19
20
21

22
23
24
25
26
27

28
29
30
31

32
33

34
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