Uniwersytet Medyczny w Biatymstoku

Paulina Gluszynska

Ocena wplywu laparoskopowej r¢ekawowej resekcji zoladka

na niealkoholowg stluszczeniowg chorobe watroby

Assessment of the impact of laparoscopic sleeve gastrectomy
on non — alcoholic fatty liver disease

Rozprawa doktorska

Promotor: prof. dr hab. n. med. Hady Razak Hady

Prace wykonano w I Klinice Chirurgii Ogolnej i Endokrynologiczne;j
Uniwersyteckiego Szpitala Klinicznego w Biatymstoku
Kierownik jednostki: prof. dr hab. n. med. Jacek Dadan

Biatystok 2023



Pragne zlozy¢ najszczersze podzigkowania

mojemu promotorowi Profesorowi Hady Razak Hady
za zaangazowanie, wsparcie, nieustajgcq motywacje, wiele cennych wskazowek oraz
za stworzenie warunkow do rozpoczecia pracy naukowej,

Zespotowi I Kliniki Chirurgii Ogolnej i Endokrynologicznej Uniwersyteckiego Szpitala
Klinicznego w Bialymstoku za pomoc w gromadzeniu materiatu do badania oraz wsparcie,

oraz Lukaszowi i mojej Rodzinie za ogromne poktady cierpliwosci, motywacje i nieustajgce
wsparcie.



SPIS TRESCI

Indeks SKIOtOW . ..neii e
Wykaz tabel i rycin

1. Zestawienie publikacji doktoranta ................ooooiiiiiiiiii

4. Metodyka imaterial ..o
5. ANaliza statyStyCzZNa ......ooviniii it
6. Zagadnienia BlyCZNe .......oviuriei it
7. Cykl prac wchodzacych w sktad rozprawy doktorskiej .........................

a) ‘“Non-alcoholic fatty liver disease (NAFLD) and bariatric/metabolic
surgery as its treatment option: a review”

b) “The effect of laparoscopic sleeve gastrectomy on the course of non-
alcoholic fatty liver disease in morbidly obese patients during one year
of follow up”

8. Omowienie cyklu publikacji .........ccooeiiiiiiiii
9. Podsumowanie WyniKOW ..........c.ovitiiiiiiiitiitii i,
10 WNHOSKI <. e
11, SErESZCZENIE ...ttt
12. Streszczenie w jezyku angielsKim .............cooiiiiiiiiiiiiii
13, PISMIENNICIWO ..ottt

14. Oswiadczenia WSPOIAULOTOW ......oviiiiiiit i eaes

11

12

16

17

18

19

33



INDEKS SKROTOW

ALT (alanine transaminase) — aminotransferaza alaniniowa

AST (aspartate transaminase) — aminotransferaza asparaginianowa

BMI (body mass index) — wskaznik masy ciata

%EBMIL (percentage of excess BMI loss) — procent utraty nadmiaru BMI
%EWL (percentage of excess weight loss) — procent utraty catkowitej masy ciata
GGT (gamma — glutamyl transferase) — gamma — glutamylotranspeptydaza

HDL (high — density lipoprotein) — lipoproteina o wysokiej gestosci

LDH (lactate dehydrogenase) — dehydrogenaza mleczanowa

LDL (low — density lipoprotein) — lipoproteina o niskiej gestosci

LSG (laparoscopic sleeve gastrectomy) — laparoskopowa rekawowa resekcja zotadka
NAFLD (non — alcoholic fatty liver disease) — nicalkholowa stluszczeniowa choroba watroby
NAFLD Fibrosis Score (Non — alcoholic fatty liver disease Fibrosis Score) — wskaznik
zwloknienia watroby w niealkoholowej stluszczeniowej chorobie watroby

NASH (non — alcoholic steatohepatitis) — nicalkoholowe stluszczeniowe zapalenie watroby
TG (triglycerides) - triglicerydy

%TWL (percentage of total weight loss) — procent utraty catkowitej masy ciata
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Rycina 1. Graficzne przedstawienie wyboru grupy do badania

Rycina 2. Zmiany ryzyka wystgpienia zaawansowanego zwloknienia watroby na podstawie

warto$ci NAFLD Fibrosis Score

Tabela 1. Wyniki wybranych parametréw biochemicznych w trakcie rocznej obserwacji



1. Zestawienie publikacji doktoranta

Rodzaj publikacji Liczba Impact Factor Punktacja MNiSW
Prace wlaczone do rozprawy 2 9.928 280.0
doktorskiej
Prace, ktore nie zostaty 25 24.803 1172.0
wlaczone do rozprawy
doktorskiej
Streszczenia zjazdowe 26 0 0

Razem 53 34.731 1452.0



2. Wstep

Rosngca powszechno$¢ wystepowania otytosci oraz cukrzycy typu 2 na $wiecie
przyczynia si¢ do nicustannego wzrostu czestoSci wystepowania niealkoholowej
sttuszczeniowej choroby watroby (ang. non — alcoholic fatty liver disease — NAFLD).
Szacuje si¢, ze NAFLD dotyczy 25 — 30% populacji ogodlnej i az 50 — 90% pacjentow
otylych, co koreluje ze wskaznikiem otytosci [1,2]. Catkowita liczbe przypadkow
dotyczacych przewlektych chorob watroby szacuje si¢ na ok. 1,5 miliarda na catym
$wiecie, z czego NAFLD stanowi az 59%. Pozostate diagnozy obejmuja zakazenie
wirusem watroby typu B (29%) i C (9%) oraz alkoholowa chorobg watroby (2%) [3].
Z uwagi na powyzsze powiklania oraz odlegle nastgpstwa NAFLD stajg si¢ coraz

wiekszym wyzwaniem dla zdrowia publicznego.

Niealkoholows sttuszczeniowg chorobe watroby definiuje si¢ jako ektopowe, patologiczne
gromadzenie si¢ thuszczu w hepatocytach, przy wykluczeniu innych, wtérnych przyczyn
nadmiernej akumulacji thuszczu w watrobie takich jak: alkoholizm, wirusowe zapalenie
watroby, polekowe uszkodzenie watroby czy choroby genetyczne [4]. Spektrum choroby
obejmuje kilka stadiow zaczynajgc od niealkoholowego prostego sttuszczenia watroby
i stluszczeniowego zapalenia watroby (ang. non-alcoholic steatohepatitis — NASH)
do wtoknienia i marsko$ci watroby ze wszystkim klinicznymi powiktaniami takimi jak:
encefalopatia watrobowa, krwawienie z zylakow przetyku, wodobrzusze, samoistne

bakteryjne zapalenie otrzewnej czy niewydolnos¢ nerek [5,6].

Zdecydowana wigkszos$¢ pacjentow, u ktorych diagnozuje si¢ NAFLD jest bezobjawowa.

Objawy, na ktore mogg uskarzaé si¢ pacjenci sg niespecyficzne i obejmuja: dyskomfort



oraz tepy bol w nadbrzuszu, ogdlne ostabienie, wzmozone pragnienie oraz wzdgcia.
Najczestszg nieprawidlowoscig stwierdzang w badaniu przedmiotowym jest hepatomegalia
[7]. Z odchylen w badaniach biochemicznych mozna zauwazy¢ nieznaczne zwigkszenie
aktywno$ci aminotransferazy asparaginianowej i alaninowej oraz gamma -
glutamylotranspeptydazy, cho¢ ich aktywno$¢ moze by¢ w normie nawet u 80%
pacjentow. W zaawansowanych przypadkach obserwuje si¢ hipoalbuminemie,

trombocytopenig, hiperbilirubinemi¢ oraz wydtuzenie czasu protrombinowego [8].

Ztotym standardem w rozpoznawaniu niealkoholowej stluszczeniowej choroby watroby
pozostaje biopsja watroby, pomimo tego, ze jest badaniem inwazyjnym, niosgcym ze sobg
ryzyko powiklan oraz ograniczen zwigzanych z wysokimi kosztami procedury [9]. Badanie
ultrasonograficzne jamy brzusznej jest zalecane jako badanie obrazowe ,,pierwszego rzutu”
w przypadku podejrzenia NAFLD [10]. Podstawa rozpoznania stluszczenia watroby
w badaniu USG jamy brzusznej jest stwierdzenie zwigkszenia echogenicznos$ci miazszu
watroby w poréwnaniu z korg prawej nerki [11]. Z uwagi na swoj nieinwazyjny charakter
oraz powszechny dostep badanie to jest szeroko wykorzystywane do diagnostyki NAFLD,
pomimo, Ze jego wykonanie moze by¢ problematyczne u pacjentéw z otytoscig olbrzymia

ze wzgledu na znaczne nagromadzenie tkanki podskorne;.

Postgpowanie terapeutyczne w przypadku rozpoznania NAFLD opiera si¢ glownie
o modyfikacj¢ diety oraz stylu Zycia celem redukcji masy ciata. Dane dostgpne
w literaturze dowodza, iz 5 — 10% spadek masy ciata moze prowadzi¢ do poprawy
wszystkich cech niealkoholowego stluszczeniowego zapalenia watroby, wlacznie ze

stanem zapalanym oraz zwldknieniem [12].



W ostatnich latach laparoskopowa rekawowa resekcja zotgdka (ang. laparoscopic sleeve
gastrectomy — LSG) stala si¢ najcze$ciej wykonywang procedurg bariatryczng na Swiecie
[13]. LSG jest przyktadem operacji restrykcyjnej, w ktorej poprzez zmniejszenie objgtosci
zotadka o 75 — 80% ograniczona zostaje ilo$¢ spozywanego pokarmu. Dodatkowy
mechanizm wptywajacy na skuteczno$¢ tego zabiegu wigze si¢ z usunigciem dna zotadka,
a co za tym idzie komorek, ktére odpowiadajg za wytwarzanie hormonu o nazwie grelina
odpowiedzialnego za uczucie glodu. Zmniejszenie st¢zenia greliny w krwiobiegu wigze si¢

z szybszym uczuciem sytosci i nieodczuwaniem glodu [14].

Dane dostepne w pismiennictwie dowodza, iz laparoskopowa r¢kawowa resekcja zotadka
powoduje znaczng oraz dtugotrwata utrat¢ masy ciata u pacjentow z otytoscia olbrzymia
[15,16]. Dodatkowo LSG prowadzi do poprawy kontroli oraz ust¢powania chordb
wspotistniejacych z otyloscig, w tym: cukrzycy typu 2, nadci$nienia tetniczego,
dyslipidemii, obturacyjnego bezdechu sennego oraz do zmniejszenia ryzyka chorob
sercowo — naczyniowych [17, 18]. Skutkuje to znaczng poprawa jakoSci zycia pacjentow
oraz redukcjg ryzyka przedwczesnej $mierci w poréwnaniu z 0sobami z otyloScia

olbrzymig [19, 20].

W literaturze dostepne sa prace, ktore analizuja zwigzek pomiedzy spadkiem masy ciata
a przebiegiem niealkoholowej stluszczeniowej choroby watroby [21]. Coraz czgsciej
ocenia si¢ takze wplyw operacji bariatryczno-metabolicznych i pooperacyjnej redukcji
masy ciala na ustepowanie NAFLD i NASH [22, 23]. Zadowalajace wyniki doprowadzity
do umieszczenia NAFLD na liscie choroéb wspotistniejacych z otyloscia, ktore stanowia
wskazanie do kwalifikacji do zabiegu operacyjnego u pacjentow otytoscia | stopnia (BMI

30-34.9 kg/m?) [24].



Powodem podj¢cia przeze mnie rozwazan nad wpltywem laparoskopowej r¢kawowej
resekcji zotadka na przebieg niealkoholowej stluszczeniowej choroby watroby jest fakt, iz
problem ten dotyczy coraz wigkszego odsetka populacji ogdlnej i stanowi istotne
zagadnienie kliniczne dla specjalistow z réznych dyscyplin.
Niezmiernie interesujace z perspektywy klinicznej, a dotychczas niedostatecznie zbadane
wydaje si¢ okreslenie korelacji pomi¢dzy ustgpowaniem niealkoholowej sthuszczeniowej
choroby watroby a pooperacyjng redukcjg masy ciata. Badania w prezentowanej pracy
doktorskiej jako jedne z pierwszych w Polsce i nielicznych na §wiecie podnosza tematyke
wpltywu laparoskopowej rekawowej resekcji zotadka na przebieg niealkoholowej

sttuszczeniowej choroby watroby u pacjentow z otytoscia olbrzymig w obserwacji roczne;j.
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3. Cel pracy

Celem niniejszej pracy doktorskiej byta ocena wplywu laparoskopowej r¢kawowej
resekcji zotadka na przebieg niealkoholowej stluszczeniowej choroby watroby
w obserwacji rocznej u pacjentdéw poddanych zabiegowi z powodu otylo$ci olbrzymiej,
w tym:
a) Poréwnanie  wynikow  badania  ultrasonograficznego jamy  brzusznej
z uwzglednieniem stopnia stluszczenia watroby przed zabiegiem operacyjnym, jak
i 6 oraz 12 miesi¢cy po leczeniu chirurgicznym;

b) Poréwnanie wynikow wybranych parametréw biochemicznych (w tym aktywnosci
enzymOw watrobowych, profilu lipidowego oraz glikemii na czczo) i1 ich zmian
w obserwacji rocznej;

c) Ocena wyniku bariatrycznego oraz analiza, czy pooperacyjna redukcja masy ciata

wplywa na ryzyko rozwoju zaawansowanego widknienia watroby na podstawie

NAFLD Fibrosis Score.
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4. Metodyka i material

Badania uwzglednione w pracy doktorskiej przeprowadzone zostaly w latach 2019 —
2021 w I Klinice Chirurgii Ogolnej i Endokrynologicznej Uniwersyteckiego Szpitala
Klinicznego w Bialymstoku. Grupg badang stanowili pacjenci poddani laparoskopowe;j
rgkawowej resekcji zotadka z powodu otytosci olbrzymiej ze wspotistniejaca
niealkoholowg  stluszczeniowg  chorobg  watroby  rozpoznang W  badaniu
ultrasonograficznym jamy brzusznej. Analizy laboratoryjnej zgromadzonego materiatu
dokonano w Centrum Badan Klinicznych oraz laboratorium przy Poradni | Chirurgii
Ogolnej 1 Endokrynologicznej Uniwersyteckiego Szpitala Klinicznego w Biatymstoku.
Ocena patomorfologiczna zebranego materiatu zostala przeprowadzona w Zakladzie

Patomorfologii Lekarskiej Uniwersytetu Medycznego w Biatymstoku.

Kryteria wlaczenia:

e Swiadoma zgoda pacjenta na udziat w badaniu,

e Wiek 18 — 65 lat,

e Spehienie kryteriow kwalifikacji do chirurgicznego leczenia otylo$ci zgodnie
z wytycznymi Sekcji Chirurgii Metabolicznej i Bariatrycznej Towarzystwa
Chirurgéw Polskich [25],

e Rozpoznanie sttuszczenia watroby w przedoperacyjnej ocenie ultrasonograficznej

jamy brzusznej.
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Kryteria wykluczenia:

e Wywiad w kierunku alkoholizmu

e Wspdtistniejgce wirusowe zapalenie watroby
e Polekowe uszkodzenie watroby

e Przebyta choroba nowotworowa

e Rewizyjna operacja bariatryczna

e Powiktania w trakcie zabiegu operacyjnego

e Powiktania pooperacyjne w analizowanym okresie

Catkowita liczba procedur
bariatrycznych wykonanych
w osrodku przez jeden zespot
(n=224)

/ Ji—

Inne procedury bariatryczne (Roun-en-Y
Laparoskopowa rekawowa gastric bypass, mini gastric bypass, wylaczenie
resekcja zoladka jako operacja mankietowo — kretnicze z pojedynczym
picrwotna zespoleniem (SASI) , pomniejszenie mankietu
zotadkowego)
Pacjenci ze sttuszczeniem watroby Pacjenci bez sthuszczenia watroby
w badaniu ultrasonograficznym w badaniu ultrasonograficznym
(n=109) (n=59)
Pagjenci uwzglednieni w badaniu Pacjenci wykluczeni z badania
(n=55) (n=54)

Rycina 1. Graficzne przedstawienie wyboru grupy do badania

Dane kliniczne dotyczace pacjentow biorgcych udzial w badaniu obejmowaty: wiek
w trakcie zabiegu operacyjnego, pte¢, przedoperacyjng mase ciata, przedoperacyjny BMI

oraz gléwne choroby wspotistniejgce takie jak: cukrzyca typu 2, nadcis$nienie tetnicze,
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hipercholesterolemia, choroby sercowo — naczyniowe, depresja, bezdech, zylaki konczyn
dolnych, choroba zwyrodnieniowa stawow. Badania laboratoryjne obejmowaty
nastepujace parametry: plytki krwi, st¢zenie albumin, bilirubing, aminotransferaze
asparaginianowg (AST) i alaninowg (ALT), dehydrogenaze mleczanowg (LDH), gamma —
glutamylotranspeptydaze (GGTP), cholesterol catkowity, cholesterol HDL i LDL,
triglicerydy oraz glikemi¢ na czczo. Na podstawie danych klinicznych oraz
laboratoryjnych dokonano oceny wtoknienia watroby na podstawie wskaznika zwtoknienia
watroby w niealkoholowej sttuszczeniowej chorobie watroby (NAFLD Fibrosis Score).

Do jego wyliczenia zastosowano ponizszg formutle:

NAFLD Fibrosis Score =-1.675 + 0.037 x wiek (lata) + 0.094 x BMI (kg/m?) + 1.13
x hiperglikemia na czczo/cukrzyca typu 2 (tak = 1, nie = 0) + 0.99 x AST/ALT - 0.013

x ptytki krwi (x10%L) - 0.66 x stezenie albumin (g/dL).

Wartosci ponizej -1,455 wskazuja na brak zaawansowanego widoknienia watroby,
apowyzej 0,676 na duze ryzyko zaawansowanego widknienia watroby. Wartosci od -1,455
do 0,676 wskazujg na umiarkowane ryzyko w odniesieniu do obecnosci zaawansowanego

zwldknienia watroby [26].

Powyzsze parametry zostaty ocenione zar6wno przedoperacyjnie jak i pot roku oraz rok

po zabiegu rekawowej resekcji zotadka.

Efekt leczenia bariatrycznego zostal oceniony 6 i 12 miesigcy po zabiegu przy uzyciu

nastepujacych wskaznikow:

e Procent utraty nadmiernej masy ciata (%EWL — percentage of excess weight loss)

= (przedoperacyjna masa ciala — masa ciala w trakcie kontroli)/(przedoperacyjna
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masa ciata — idealna masa ciata) x 100, gdzie idealna masa ciata zostata
zdefiniowana jako masa ciata odpowiadajaca BMI = 25 kg/m?,

e Procent utraty catkowitej masy ciata (%TWL — percentage of total weight loss) =
(przedoperacyjna masa ciata — masa ciata w trakcie kontroli)/przedoperacyjna masa
ciata x 100,

e Procent utraty nadmiaru BMI (%EBMIL — percentage of excess BMI loss) =
(przedoperacyjne BMI — BMI w trakcie kontroli)/(przedoperacyjne BMI — 25)

X 100.

Ocena stopnia stluszczenia watroby w badaniu ultrasonograficznym jamy brzusznej zostata
dokonana przedoperacyjnie oraz pdt roku i rok po zabiegu operacyjnym. Stopien
sttuszczenia watroby w badaniu ultrasonograficznym jamy brzusznej zostal oceniony

wedhug ponizszej klasyfikacji:

e Stopien 0 (brak stluszczenia) — prawidlowa echogenicznos$¢ watroby,

e Stopien 1 (fagodne stluszczenie) — nieznaczny i rozlany wzrost echogenicznosci
watroby,

e Stopien 2 (umiarkowane stluszczenie) — umiarkowany wzrost echogenicznosci
watroby,

e Stopien 3 (cigzkie stluszczenie watroby) — wyrazny wzrost echogenicznosci

watroby.

W trakcie zabiegu operacyjnego zostal pobrany wycinek z watroby do badania
histopatologicznego, w ktérym oceniono obecnos¢ badz brak sttuszczenia, wtoknienia oraz

stanu zapalnego watroby.
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5. Analiza statystyczna

Anal iz%- statystyczng wynikéw przeprowadzono za pomocg oprogramowania GraphPad
Prism 9.0.0 (GraphPad Software, San Diego, California, USA).
Ocen¢ normalno$ci rozktadu przeprowadzono przy pomocy testu W Shapiro-Wilka,
natomiast ocen¢ homogenicznosci wariancji za pomocg testu Leven’a. Do porownania
migdzy dwiema grupami zastosowano test kolejnosci par Wilcoxona. Do pordéwnania
migdzy wigcej niz dwiema grupami zastosowano test rang Friedmanna oraz sparowany test
Dunna do analizy post-hoc. Uzyskane wyniki przedstawiano jako median¢ oraz warto$¢
25 i 75 percentyla.

W poszukiwaniu wspotzaleznosci pomiedzy badanymi parametrami i dla okreslenia sity
tych wspoélzaleznosci zastosowano nieparametryczng korelacje rang R Spearmana.
Przy weryfikacji wszystkich hipotez statystycznych za istotny przyj¢to poziom istotno$ci

p < 0,05.

16



6. Zagadnienia etyczne

Wszystkie procedury przeprowadzone w ramach pracy doktorskiej byly zgodne
z normami etycznymi Kodeksu Etyki Lekarskiej oraz z Deklaracjg Helsinska z 1964 roku
Z jej pdzniejszymi poprawkami. Badania uzyskaly akceptacje Komisji Bioetycznej

Uniwersytetu Medycznego w Biatymstoku (Nr R-1-002/248/2018 oraz R-1-002/386/2018).
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7. Cykl prac wchodzacych w sklad rozprawy doktorskiej

Cykl sktada si¢ z dwoch prac: jednej oryginalnej i jednej pogladowej, ktore zostaty

opublikowane w migdzynarodowych czasopismach naukowych umieszczonych na Liscie

Filadelfijskiej. Laczny wspotczynnik oddziatywania (IF) cyklu wyniost 9.928. Laczna

punktacja MNiSW to 280.0 punktow.

a)

b)

Paulina Gtuszynska, Dorota Lemancewicz, Janusz Bogdan Dzigciot, Hady Razak
Hady.

“Non-alcoholic fatty liver disease (NAFLD) and bariatric/metabolic surgery as its
treatment option: a review.”

Journal of Clinical Medicine. 2021: 10, 24, 14 pp, Article ID 5721.

DOI: 10.3390/jcm10245721

Wskaznik Impact Factor ISI: 4.964, punktacja MNiSW: 140.000.

Paulina  Gluszynska,  Aleksander  Lukaszewicz, Inna  Diemieszczyk,
Jan Chilmonczyk, Joanna Resze¢, Anna Citko, Lukasz Szczerbinski, Adam
Kretowski, Hady Hady Razak.

“The effect of laparoscopic sleeve gastrectomy on the course of non-alcoholic fatty
liver disease in morbidly obese patients during one year of follow up.”

Journal of Clinical Medicine. 2023 : 12, 12, 11 pp, Article ID 4122.

DOI: 10.3390/jcm12124122

Wskaznik Impact Factor ISI: 4.964, punktacja MNiSW: 140.000

18


http://biblioteka.amb.edu.pl/cgi-bin/expertus.cgi?KAT=%2Fhome%2Fexpertus%2Fpar%2Fp%2F&FST=data.fst&FDT=data01.fdt&ekran=ISO&lnkmsk=2&cond=AND&mask=2&F_00=02&V_00=G%B3uszy%F1ska+Paulina+
http://biblioteka.amb.edu.pl/cgi-bin/expertus.cgi?KAT=%2Fhome%2Fexpertus%2Fpar%2Fp%2F&FST=data.fst&FDT=data01.fdt&ekran=ISO&lnkmsk=2&cond=AND&mask=2&F_00=02&V_00=Lemancewicz+Dorota+
http://biblioteka.amb.edu.pl/cgi-bin/expertus.cgi?KAT=%2Fhome%2Fexpertus%2Fpar%2Fp%2F&FST=data.fst&FDT=data01.fdt&ekran=ISO&lnkmsk=2&cond=AND&mask=2&F_00=02&V_00=Dzi%EAcio%B3+Janusz+Bogdan+
http://biblioteka.amb.edu.pl/cgi-bin/expertus.cgi?KAT=%2Fhome%2Fexpertus%2Fpar%2Fp%2F&FST=data.fst&FDT=data01.fdt&ekran=ISO&lnkmsk=2&cond=AND&mask=2&F_00=26&V_00=Journal+of+Clinical+Medicine+
https://doi.org/10.3390/jcm10245721

Journal of

Clinical Medicine

Review

Non-Alcoholic Fatty Liver Disease (NAFLD) and
Bariatric/Metabolic Surgery as Its Treatment Option: A Review

Paulina Gluszyfiska "*(, Dorota Lemancewicz ?, Janusz Bogdan Dzigciot 2 and Hady Razak Hady !

check for

updates
Citation: Gluszynska, P;
Lemancewicz, D.; Dzieciol, J.B.;
Razak Hady, H. Non-Alcoholic Fatty
Liver Disease (NAFLD) and
Bariatric/Metabolic Surgery as Its
Treatment Option: A Review. J. Clin.
Med. 2021, 10, 5721. https://
doi.org/10.3390/jem10245721

Academic Editor: David Benaiges

Boix

Received: 31 October 2021
Accepted: 3 December 2021
Published: 7 December 2021

Publisher’s Note: MDPI stays neutral
with regard to jurisdictional claims in
published maps and institutional affil-

iations.

Copyright: © 2021 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://
creativecommons.org/ licenses /by /
4.0/).

1 Department of General and Endocrine Surgery, Medical University of Bialystok, 15-089 Bialystok, Poland;
hadyrazakh@wp.pl

Department of Human Anatomy, Medical University of Bialystok, 15-089 Biatystok, Poland;
dorota.lemancewicz@umb.edu.pl (D.L.); anatomia@umb.edu.pl (J.B.D.)

*  Correspondence: Paulina.gluszynska@gmail.com; Tel.: +48-85-831-8279

Abstract: The prevalence of non-alcoholic fatty liver disease (NAFLD) and non-alcoholic steatohep-
atitis (NASH) has considerably increased over the last years. NAFLD is currently the most common
cause of chronic liver disease in the developing world. The diagnosis of NAFLD/NASH is often
incidental, as the early-stage of disease is frequently free of symptoms. Most patients recognized
with NAFLD have severe obesity and other obesity-related disease such as type 2 diabetes mellitus
(T2DM), insulin-resistance, dyslipidemia and hypertension. The only proven method for NAFLD
improvement and resolution is weight loss. Bariatric surgery leads to significant and long-term
weight loss as well as improvement of coexisting diseases. There is a lot of evidence suggesting that
metabolic/bariatric surgery is an effective method of NAFLD treatment that leads to reduction in
steatosis, hepatic inflammation and fibrosis. However, there is still a need to perform long-term
studies in order to determine the role of bariatric surgery as a treatment option for NAFLD and NASH.
This review discusses current evidence about epidemiology, pathogenesis and treatment options
for NAFLD including bariatric/metabolic surgery and its effect on improvement and resolution
of NAFLD.

Keywords: non-alcoholic fatty liver disease; non-alcoholic steatohepatitis; obesity; bariatric surgery;
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1. Introduction

Unhealthy lifestyle and dietary habits have contributed to an alarming increase in
obesity and obesity-related diseases worldwide. The epidemic of obesity has led to a
significant increase in the prevalence of non-alcoholic fatty liver disease (NAFLD). The
prevalence of NAFLD is 25-30% of the general population and 50-90% in patients with
obesity [1,2]. A recent report estimates the constant increase in the prevalence of NAFLD
by the year 2030 with significant rise in hepatocellular carcinoma (HCC) and liver-related
deaths [3]. NAFLD is the initial, uncomplicated medical condition that may lead to
end-stage liver disease from non-alcoholic simple steatosis and steatohepatitis (NASH)
to fibrosis and liver cirrhosis with its clinical consequences such as: variceal bleeding,
ascites, renal failure, encephalopathy and spontaneous bacterial peritonitis [4,5]. Data from
the European Liver Transplant Registry (ELTR) and United Network for Organ Sharing
(UNOS) show that NAFLD and NASH have been the most rapidly growing indication
for liver transplant within the last 20 years. Additionally, NAFLD is presently the most
frequent non-viral hepatitis-related indication for liver transplant among adults in the
United States [6,7].

NAFLD is frequently recognized as the hepatic manifestation of metabolic syndrome
(MS) and remains in close association with components of MS that include increased fasting
plasma glucose level and type 2 diabetes mellitus (T2DM), increased waist circumference,
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hypertension and dyslipidemia [8,9]. Recent studies have shown that over 80% of patients
undergoing bariatric surgery have been diagnosed with NAFLD or NASH [10,11].

Bariatric/metabolic surgery is an effective treatment for morbid obesity that provides
sustained and considerable weight loss with the improvement of obesity-related diseases.
Reduction in body weight induced by bariatric surgery leads to potential decrease in
hepatic inflammation, fat accumulation and fibrosis [12]. In the forthcoming sections of this
review, we provide the information about pathogenesis, diagnosis and potential treatment
options including conservative, pharmacological and bariatric surgery procedures for
NAFLD according to the available literature.

2. Epidemiology

A systematic review conducted by Younossi et al. estimated the pooled, overall global
prevalence of NAFLD diagnosed by imaging to be 25.24% (95% confidence interval (CI):
22.10-28.65). Their study reported the highest prevalence of NAFLD in South America
(30.4%) and the Middle East (31.8%), whereas the lowest rate was reported in Africa (13.5%).
The prevalences of NAFLD among patients diagnosed by blood test were 13.00% (95% CI:
4.44-32.47) for Europe, 12.89% (95% CI: 8.32-19.44) for North America, and 9.26% (95%
ClI: 7.07-12.05) for Asia [13]. According to Cholangitas et al., pooled NAFLD prevalence
was 26.9% in the adult European population. Pooled NAFLD prevalence was higher in
men than in women (32.8% vs. 19.6%). There were no differences between Mediterranean
and non-Mediterranean countries. The pooled prevalence of NAFLD was higher in studies
using ultrasonography and fatty liver index (FLI) for NAFLD diagnosis (27.2% and 30.1%,
respectively) [14]. Current trends in dietary habits and preponderance of sedentary lifestyle
contribute to the constant growth in the incidence of NAFLD worldwide. The National
Health and Nutrition Examination Surveys data demonstrated a rise in the prevalence of
NAFLD in the US from 5.5% (1988-1994) to 11% (2005-2008) [8], as it is estimated that the
epidemic of obesity will continue to fuel the burden of NAFLD.

3. Pathogenesis of NAFLD

The pathogenesis of NAFLD is multifactorial; however, its understanding is crucial
for the proper therapeutic interventions. A two-hit model of NAFLD development was
proposed with the first hit consisting of hepatic steatosis, which then sensitizes the liver
to injury mediated by “second hits” including: inflammatory cytokines, adipokines and
oxidative stress leading to steatohepatitis and fibrosis [15]. This two-hit model has lost
some favor, as it turned out too simplistic to fully describe the evolution of NAFLD, as
different factors affecting disease development and progression were unveiled. Nowadays,
the two-hit hypothesis was replaced with the “multiple hit” theory, which recognizes
the following components in NAFLD pathophysiology: insulin resistance, obesity, gut
microbiota, environmental and genetic factors. The key concept of NAFLD pathogenesis is
excessive triglycerides hepatic accumulation as a result of imbalance between free fatty
acids influx and efflux [16]. Excessive hepatic fat accumulation occurs in patients with
obesity and T2DM, who have impaired insulin signaling. Insulin resistance leads to an
uncontrolled lipolysis in adipose tissue that results in significant deposition of nonesterified
free fatty acids (NFFA) in the liver [17]. Other factors contributing to excessive hepatic fat
accumulation are dietary fats and de novo lipogenesis. Among dietary factors, fructose
seems to have an important role, as it is both a substrate and an inducer for de novo hepatic
lipogenesis [18]. The excessive inflow of triglycerides to the liver leads to inflammation,
reactive oxygen species (ROS) formation, hepatocyte impaired function and lipotoxicity.
Hepatocellular cells injury activates apoptotic pathways causing cellular death. This
results in the progression from noninflammatory isolated steatosis to the development of
nonalcoholic steatohepatitis with a risk of further evolution to fibrosis, cirrhosis and at
worst to the development of hepatocellular carcinoma [19,20].

Available research shows that gut microbiota is also associated with the development
of NAFLD and NASH [21,22]. The imbalance between protective and harmful bacteria,
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damage of intestinal barrier and disturbed immune response cause that bacterial products
reach the liver through the portal vein and activate pathways responsible for proinflam-
matory response. Additionally, microbiota dysbiosis increases lipoprotein lipase activity
and triglycerides accumulation by either decreasing choline levels or increasing methy-
lamine level, which promotes development of NAFLD [23]. Damage of intestinal epithelial
membrane leads to an impaired transport across the mucosa. Rahman et al. proved that
compromised intestinal epithelial permeability contributes to development of NAFLD.
The above-mentioned study showed that mice with defects or loss of junctional adhesion
molecule A (JAM-A) in intestinal epithelial membrane develop more severe steatohepatitis
after a diet high in saturated fat, fructose and cholesterol for 8 weeks. They also found
out that colon tissue from patients with NAFLD has lower level of JAM-A and higher
inflammation status as compared to patients without NAFLD [24]. Significant changes in
gut microbiota are reported after bariatric surgery. Possible mechanisms for the intesti-
nal microbiota changes include reduction in body weight, changes in food consumption,
changes in ghrelin and leptin secretion and alternations in stomach pH [25,26].

Genes also have a role in the development of NAFLD. It has been discovered that ge-
netic polymorphism can influence the NAFLD development and progression by variability
in oxidative stress, inflammation and FFAs accumulation. The main genetic determinant of
interindividual differences in hepatic fat content is nonsynonymous variant of patatin-like
phospholipase 3 (PNPLA3) gene (rs738409 C/G, 1148M), also known as adiponutrion [27].
The PNPLA3 variant has impaired hydrolysis activity and is less available for degradation,
which leads to retention in of TG and polyunsaturated fatty acids priming accumulation of
hepatic fat [28]. Another relevant genetic variant related to progressive NAFLD is the trans-
membrane 6 superfamily member 2 (TM6SF2), which is responsible for lipid retention and
impairment of very low-density lipoprotein (VLDL) release by liver [29]. Loss of function
in rs1260326 variant in the GCKR gene is also associated with increased TG concentration,
steatosis and liver damage [30]. The understanding of possible nutrigenomic approaches
may lead to improvement of NAFLD management and introduction of proper therapeutic
strategy Figure 1.
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Figure 1. Pathogenesis of NAFLD.

4. Diagnosis of NAFLD

NAFLD is defined as an excessive accumulation of triglycerides in hepatocytes ei-
ther by imaging or histology, simultaneously with exclusion of any significant alcohol
consumption and other liver diseases [31]. Mildly elevated serum aminotransferases are
the primary abnormality in NASH, although they may remain at normal level in up to
80% of patients. The alanine transaminase (ALT) level is generally higher than that of
aspartate aminotransferase (AST). Other common findings in blood examination include
high serum triglyceride and low HDL cholesterol level. With the development of the
disease hypoalbuminemia, hyperbilirubinemia and thrombocytopenia may occur due to
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progression of liver injury [32]. Ultrasound is a non-invasive and widely available tool for
the diagnosis of NAFLD. Characteristic sonographic findings for NAFLD include hetero-
geneity of liver; thick subcutaneous depth (>2 cm); quick attenuation of image 4-5 cm of
depth, making deeper structures difficult to decipher, and; dispersion of echogenicity [33].
However, the use of ultrasound is very limited in patients with overweight and obesity
due to excessive subcutaneous fat accumulation. The assessment of liver fibrosis without
histological examination can be made by a combination of serological and imaging tests.
There are several scoring systems used to estimate liver fibrosis without performing liver
biopsy. NAFLD fibrosis score (NFS) is calculated based on following measurements: age,
BMI, glucose blood concentration, platelet count, albumin serum level and AST/ALT ratio.
Another one is the BARD score, which is composed of 3 variables: ALT/AST ratio, BMI
and the presence of diabetes. BARD score of 0 or 1 are of high (96%) negative predictive
value (NPV) for advanced fibrosis [34]. The AASSLD guidelines suggest the use of NES or
APRI score as non-invasive tools for clinical diagnosis. It is worth mentioning that NFS
was developed as a scoring system for usage in patients with NAFLD [35]. The available
ways to estimate liver fibrosis together with measured parameters are listed in Table 1 [36].

Table 1. Noninvasive assessment of liver fibrosis based on biochemical parameters.

Name of Scoring System Used Measures

Age, blood glucose level, BMI, platelet count,

NAFLD fibrosis score (NFS) albumin, AST/ALT ratio

APRI score aspartate aminotransferase to platelet ratio index
BAAT score BMI, age, ALT, triglyceride level
BARD score BMI, AST/ALT ratio, presence/absence of diabetes

Plasma level of hyaluronic acid (HA), tissue
inhibitor of metalloproteinase (TIMP-1),
procollagen Il amino terminal peptide (PIIINP)
Bilirubin, gamma-glutamyl transpeptidase
(y-GTP), a2-macroglobulin, hyaluronic acid levels

FIBROSpect hyaluronic acid, TIMP-1 and a2-macroglobulin

prothrombin index, platelet count, AST, urea,
a2-macroglobulin, hyaluronic acid

age, sex, height, weight, serum triglycerides,

NashTest cholesterol, «2-macroglobulin, apolipoprotein Al,

haptoglobin, y-GTP, ALT, AST, total bilirubin

Enhanced liver fibrosis (ELF)
index

Hepascore

Fibrometer

Magnetic resonance imaging (MRI) is a non-invasive method widely accepted by
patients and doctors, and may be used as an alternative to liver biopsy in assessment of
hepatic fat content [37]. Several studies have shown that magnetic resonance elastogra-
phy (MRE) is a diagnostic tool for prediction of hepatic fibrosis stage in NAFLD with
sensitivity of 63-87%, and specificity of 81-95% [38]. Another tool is magnetic resonance
imaging-proton density fat fraction (MRI-PDFF), which has high accuracy in detecting
hepatic steatosis and quantifying the degree of steatosis in NAFLD [39]. However, the
gold standard for NAFLD diagnosis remains the percutaneous liver biopsy. Although
liver biopsy is expensive, has increased risk of adverse events and requires professional
interpretation, it should be performed in patients who benefit the most from making the
right diagnosis.

According to the American Association of Liver Disease (AASLD), liver biopsy should
be considered in patients with NAFLD who are at higher risk of steatohepatitis and
advanced fibrosis, including those with diabetes and/or metabolic syndrome. Referral
for liver biopsy should be also considered in patients who have findings of concern for
cirrhosis, such as hypoalbuminemia, thrombocytopenia, AST > ALT and in patients un-
dergoing cholecystectomy or bariatric surgery, when intraoperative biopsy is a low risk
procedure [40]. The main histological characteristics of NAFLD is the accumulation of fat
in the form of triglycerides within hepatocytes. The presence of >5% steatotic hepatocytes
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in a liver tissue is the criteria for the histological definition of NAFLD. In NAFLD, steatosis
is usually macrovesicular, which means that lipid vacuole fills nearly the whole hepatocyte,
and the nucleus is pushed to the side. A simple four-point scoring system that takes into
account only macro- and/or mediovesicualar steatosis and estimates the percentage of
hepatocytes covered with steatosis is used for steatosis grading. Normal liver (grade 0)
contains fat in <5% of hepatocytes; in grade 1, 2, 3 steatotic hepatocytes are present in
<33%, 33-66% and >66% of hepatocytes, respectively, [41]. In the case of NASH histological
diagnosis criteria include steatosis with hepatocellular (usually in the form of ballooning)
and lobular inflammation [42]. There are three scoring systems that are currently used
in grading the histological features of NAFLD/NASH, which are the Brunt system, the
NAFLD Activity Score (NAS) and the Steatosis-Activity-Fibrosis (SAF) System [42-45].
Scoring in individual systems together with scored histological features are presented in

Tables 2-5.

Table 2. Brunt system to grade NASH activity.

Inflammation
Steatosis Ballooning L-Lobular (0-3) P-Portal (0-3)
d 1: <33% (Zonal Location 0: Absent 0: Absent
Grade 2:33-66%  and Severity 1: <2 foci /20 x field 1: Mild
3: >66% Recorded) 2: 2-4 foci/20x field 2: Moderate
3: >4 foci/20x field 3: Severe
Grade 1 (mild) 1-2 Minimal, zone 3 L=12 P=0-1
Grade 2 (moderate) 2-3 Present, zone 3 L=2 P=1-2
Marked,
Grade 3 (severe) 2-3 predominantly L=3 P=1-2
zone 3
Table 3. Brunt system for staging NASH fibrosis.
Stage Zone 3, Sinusoidal Portal Based Bridging Cirrhosis
1 Focal or extensive 0 0 0
2 Focal or extensive Focal or extensive 0 0
3 Bridging septa Bridging septa + 0
4 + o Extensive +

Table 4. The NAFLD Activity Score.

Steatosis Grade (S)

Lobular

Inflammation (L) Hepatocyte Ballooning (B)

0: <5% 0: none 0: none
1: 5-33% 1: <2 foci/20x field 1: mild, few ballooned cells
2: 34-66% 2: 2-4 foci/20x field 2: moderate-marked, many ballooned
3: >66% 3: >4 foci/20x field cells
Fibrosis (evaluated with Masson trichrome stain)

0 None
1a Mild zone 3 sinusoidal fibrosis
(trichrome stain to be identified)
Moderate zone 3 sinusoidal fibrosis
1b (could be detected on H&E
examination)

1lc Portal fibrosis only

Zone 3 sinusoidal fibrosis and
periportal fibrosis
Bridging fibrosis

Cirrhosis

=W N

23



J. Clin. Med. 2021, 10, 5721

60f 14

Table 5. Steatosis-Activity-Fibrosis (SAF) scoring system of NAFLD.

Steatosis Grade (S): 0-3

Activity Grade (A):

(Based on
Percentage of Hepatocyte o3
Hepatocytes ‘E‘th Large Lolaitas B ll;oo i : (ool Beooe for Fibrosis Stage (F)
patocy rhlag Inflammation: 0-2 aLooming: Ballooning and 2 1818
and/or 0-2
8 § Lobular
Megdium Size Inflammation)
Intracytoplasmic Lipid) 2
S0: <5% 0: none 0: none aliA . 1.): md ot no 51gn.1f1cant
activity fibrosis
F1:
1: cluster of rounded A2(A =2): 1a mild zone 3
1: <2 foci/20x hepatocytes with e sinusoidal fibrosis 1b
S1: 5-33% ; X moderate
field pale/reticulated s moderate zone 3
activity 5 ¢ g :
cytoplasm sinusoidal fibrosis 1c
portal fibrosis only
cn?ta:;;gehae;it‘gé;};es A3 and A4 Fazzone o smuseidal
S2: 34-66% 2: >2 foci/20x field (fniore thah HWice of (A5 2); Severd achivity fibrosis \A.!lth Perlportal
i ¢ fibrosis
normal size)
S3: >66% F3: bridging fibrosis

F4: cirrhosis

5. Treatment Options of NAFLD

A considerable amount of research points out strong evidence between NASH and
lifestyle modifications such as: weight loss, dietary changes and physical exercises. It has
been proven that weight reduction by 5 to 10% in individuals with obesity can result with
improvement in all features of NASH, including inflammation and fibrosis [46]. Dietary
changes should include decrease in calorie intake, as well as changes in composition of
a diet that includes reduction of carbohydrate intake (particularly simple carbohydrates,
e.g., sweets, fruit juices, honey, fruits, flavored yoghurts), reduction of dietary fats with
emphasis on saturated and trans fatty acids, increase in protein intake, ensuring supply
of antioxidants, probiotics and prebiotics. Abstinence from alcohol is also recommended
as a lifestyle intervention in NAFLD treatment [47]. However, it is very important to
notice that implementing lifestyle modifications in patients with obesity can be problematic
and usually does not bring the intended results. A study conducted by Dudekula et al.
that aimed to find weight loss predictors in patients with obesity and NAFLD showed
that 66% of research participants experienced weight reduction of less than 5% during
the observation period. Weight loss between 5 to 10% was observed in 12.9% patients
and reduction in body weight >10% was seen only in 6.9% of study participants [48].
Additionally, most individuals with obesity are more likely to regain weight in a short
period of time [49]. The general idea of NAFLD treatment focuses on co-existing diseases
such as obesity, dyslipidemia, insulin resistance and diabetes mellitus.

According to the European Association for the Study of the Liver (EASL) guidelines,
pharmacological therapy should be implemented in patients with progressive NASH
(bridging fibrosis and cirrhosis); early stage NASH with high risk for disease progression
(increased ALT, presence of metabolic syndrome and diabetes mellitus, age >50 years) and
active NASH with high necroinflammatory activities [50]. Pharmacological therapy options
for NAFLD include: antidiabetic drugs, drugs modifying lipid profile, anti-obesity drugs,
vitamin supplementation and novel therapeutic treatment that includes interference with
inflammatory, fibrotic and apoptotic pathways. Among antidiabetics drugs pioglitazone,
glucagon-like-peptide (GLP-1) analogues and liraglutide were found to be effective in
NAFLD/NASH treatment. Pioglitazone was shown to significantly improve steatosis and
inflammation, together with systemic and adipose- tissue resistance in one-year observa-
tion in patients with T2DM [51]. Research conducted by Bril et al. confirmed reduction of
liver fibrosis and increase in adipose tissues insulin sensitivity. However, the effect was
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significantly greater in patients with type 2 diabetes than in patients with prediabetes [52].
Liraglutide is a long-acting GLP-1 agonist that improves key metabolic risk factors: weight,
body mass index and glucose level. Besides its metabolic improvement, liraglutide was
found to significantly improve liver steatosis in NAFLD patients by downregulating the
expression of inflammatory mediators in the TNF-« signaling pathway [53,54]. Addi-
tionally, liraglutide affects the renin-angiotensin system (RAS), which is overactivated
during NAFLD. Liraglutide was found to down regulate the ACE/Ang II/ AT1R axis and
antagonizes hepatocellular steatosis [55].

In the case of metformin, which is commonly used in prediabetes and diabetes treat-
ment, no strong evidence for histological response was found in NAFLD patients [56].
Despite the fact that metformin has no specific influence on liver histology, it is recom-
mended in NAFLD/NASH patients with T2DM due to its pleiotropic effect including
reduction in body mass, and decrease in ALT activity and improvement of cardiovascular
system [57]. Furthermore, a recent animal study conducted by Brandt et al. suggests that
metformin has a protective effect on the development of NAFLD, which results from a pro-
tection against intestinal barrier impairment, e.g., loss of tight junction proteins. Metformin
also alters intestinal microbiota composition in the proximal small intestine, which has a
beneficial effect on steatosis development [58].

Vitamin supplementation has been also found to have its role in NAFLD treatment.
Vitamins with antioxidant properties, such as Vitamin C and E decrease the oxidative
stress that is seen in patients with NAFLD and NASH. Additionally, Vitamin E has anti-
inflammatory and anti-apoptotic properties that can retard the fibrosis process and prevent
from cirrhosis by modulating inflammatory response and cellular proliferation [59]. It
should be mentioned that supplementation of Vitamin E is recommended for patients with
NASH and stage 2 fibrosis proven in biopsy and without a family history of prostate cancer,
as it was proven that high daily dose of Vitamin E (>400 IU per day) is associated with
progression of prostate cancer [60].

Data about usage of weight-loss medication in NAFLD are very scarce in the available
literature. To date, only Orlistat was found to contribute to improvement in hepatic fat
content, as well as the activity of ALT and AST during at least 24 weeks of therapy [61]. Tt
is thought that Orlistat may have a potential beneficial effect on NAFLD as it stimulates
weight loss, however it is not clear whether it has an independent effect on liver function.
Other weight-loss medications such as naltrexone, bupropion and topiramate have no
evidence of usefulness in NAFLD treatment [62].

The use of statins in NAFLD treatment is still controversial. Undoubtedly, statins
decrease the level of total cholesterol, low-density lipoprotein cholesterol (LDL-C) and
triglycerides, and hence limit the cardiovascular risk [63]. In the study conducted by Hyogo
et al., patients were treated with 10 mg atorvastatin daily. Researchers observed significant
reduction in AST, ALT and GGT concentrations as well as decrease in NAFLD Activity
Score (NAS), which includes steatosis, hepatocyte ballooning and lobular inflammation [64].
The use of statins among patients with NAFLD should be implemented with co-existing
dyslipidemia, as its protective effect on the cardiovascular system outweighs other adverse
events and low efficacy on hepatic histopathology [47].

Among novel therapeutic perspectives, farnesoid X receptor (FXR) agonist has been
investigated. Obeticholic acid (OCA or 6a-ethyl chenodeoxycholic acid, initially known
as INT-747) is an FXR agonist registered for the treatment of primary biliary cholangitis
due to its anticholestatic and hepatoprotective properties [65]. Data from recently per-
formed clinical trials prove that OCA is effective in patients with biopsy-proven NASH
or NAFLD [66,67]. The primary endpoint of FLINT study was histological improvement
in NAFLD activity score of at least 2 points, which was achieved in 45% of patients re-
ceiving 25 mg OCA daily [66]. A study conducted by Mudaliar et al. showed that the
administration of 25 or 50 mg OCA daily increases insulin sensitivity and reduces markers
of hepatic inflammation and fibrosis in patient with NAFLD and T2DM [67]. Another
farnesoid X receptor agonist, cilofexor (GS-9674) is under investigation as monotherapy
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or in combination with an acetyl-CoA carboxylase inhibitor, firsocostat (GS-0976). The
combination of these two drugs showed improvement in liver steatosis and stiffness and
serum markers of hepatic fibrosis [68]. Peroxisome proliferator-activated receptor (PPAR)-y
agonists such as rosiglitazone and pioglitazone have been under investigation for potential
effects in NAFLD/NASH patients. The use of pioglitazone in patients with biopsy-proven
NASH improves liver function and decreases liver fat content. Cusi et al. conducted a
placebo-controlled RCT of 101 adults with NASH and T2DM. They documented that 58%
of patients assigned to pioglitazone group (45 mg once daily) achieved the primary out-
come (reduction in NAFLD activity score of at least 2 points without worsening of fibrosis)
and 51% had resolution of NASH. Pioglitazone treatment was also associated with im-
provement in individual histological scores, including the fibrosis score, reducing hepatic
triglyceride content from 19% to 7%, and improving adipose tissue, hepatic, and muscle
insulin sensitivity [69]. A Fatty Liver Improvement with Rosiglitazone Therapy (FLIRT)
trial showed that rosiglitazone improved steatosis and normalized transaminase levels in
47% of patients. However, no effect on other histologic lesions was documented [70].

Some experimental studies have focused on the specific inhibition of the fibrosis
process in liver with the use of an inhibitory antibody to lysyl oxidase-2 (LOXL-2). LOXL-2
up-regulation was noticed in patients with NAFLD and T2DM and LOXL-2 hepatic and
circulating levels correlate with histological fibrosis progression [71]. LOXL-2 inhibition
paves the way for macrophage-mediated collagen degradation in liver fibrosis. However,
in two phase 2b trails of patients with bonding fibrosis due to nonalcoholic steatohepatitis,
simtuzumab (monoclonal LOXL-2 antibody) was found to be ineffective in decreasing
hepatic collagen content [72]. Additionally, compounds interfering with apoptotic path-
ways have been investigated as a treatment option for NAFLD/NASH. An example is
selonsertib, which is an inhibitor of the apoptosis signal-regulating kinase 1 (ASK1), and
plays a significant role in hepatocyte inflammation, injury and fibrosis. In a phase 2 trial,
selonsertib appeared to improve liver fibrosis in a substantial proportion of patients with
NASH and stage 2 or 3 fibrosis, suggesting its potential use in NAFLD pharmacologi-
cal therapy [73]. However, results from randomized phase III STELLAR trials did not
show evidence that selonsertib reduces fibrosis in patients with NASH and advanced liver
scarring [74].

6. Bariatric Surgery and NAFLD

Bariatric surgery aims not only to achieve considerable, long-term weight loss but
also to improve the course of obesity-related diseases such as T2DM, hypertension, dys-
lipidemia, obstructive sleep apnea. It also reduces the risk of cardiovascular diseases such
as myocardial infarction and ischemic stroke and decreases overall mortality [75-77]. A
meta-analysis conducted by Sutanto et al. showed significant reduction in the incidence
of major adverse cardiovascular events in bariatric surgery group as compared to the
no-surgery group (OR = 0.49; 95% CI 0.40-0.60; p < 0.00001; 12 = 93%) [78]. Among recently
available surgical methods, Roux-en-Y gastric bypass (RYGB) and laparoscopic sleeve
gastrectomy (LSG) are the most commonly performed worldwide. A study conducted by
Mummadi et al. summarized 15 studies with 766 paired liver biopsies. Their investigation
showed the pooled proportion of patients with improvement or resolution in steatosis was
91.6% (95% confidence interval (CI), 82.4-97.6%), in steatohepatitis was 81.3% (95% CI,
61.9-94.9%), in fibrosis was 65.5% (95% CI, 38.2-88.1%), and for complete resolution of
NASH was 69.5% (95% CI, 42.4-90.8%) after bariatric surgery [79]. The Swedish Obese
Subjects (SOS) study showed reduction in both ALT and AST values after bariatric surgery
in both short and long-term observation (2 and 10-year follow-up) [80].

NAFLD is closely associated with obesity, T2DM and other features of metabolic
syndrome. All mechanisms involved in improving obesity and T2DM that appear after
bariatric surgery seem to have a crucial role in amelioration or resolution of NAFLD.
Weight reduction due to bariatric surgery causes inflammatory changes in patients with
obesity. Klein et al. showed that gastric bypass procedure decreases the hepatic expression
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of factors involved in the progression of liver inflammation (macrophage chemoattractant
protein 1 (MCP-1), and interleukin (IL-8)) and fibrogenesis (transforming growth factor-1
(TGF-B1), tissue inhibitor of metalloproteinase 1 (TIMP-1), x-smooth muscle actin (x-SMA),
and collagen-a1(I)) [81]. Cazzo et al. showed a significant decrease in mean NAFLD fibrosis
score after RYGB and resolution rate of 55% of severe fibrosis in 12-month observation [82].
Moreover, RYGB contributes to significant reduction in NAFLD activity score, steatosis,
inflammation and liver ballooning during 1-year observation [83,84].

LSG is also considered to improve the course of NAFLD. Nobili et al. showed reduced
activation of local cellular compartments (hepatic progenitor cells, hepatic stellated cells,
macrophages) induced by LSG, which led to the improvement in NAFLD Activity Score
and liver fibrosis [85]. A study conducted by Cabré et al. proved that the histology and
liver function of patients with morbid obesity significantly improved after LSG due to
mechanisms involved in the reduction of oxidative stress and inflammation. They observed
significant reduction in the hepatic immunochemical expression of oxidation, inflammation
and fibrosis markers such as: PON-1, 4-hydroxy-2-nonenal, CD68, chemokine ligand 2
(CCL2), C-C chemokine receptor type 2 (CCR2), TNF-«, and galectin-3 between baseline
liver tissue and 12 months after LSG [86]. Weight loss induced by LSG leads to the im-
provement in liver histology in terms of steatosis, liver fibrosis, lobular inflammation and
hepatocyte ballooning. In a study conducted by Salman et al., among 81 patients under-
going LSG, 9 (11.1%) showed no steatosis at the end of 18-month follow-up, 25 (30.9%)
showed no hepatocyte ballooning, 37 (45.7%) showed no lobular inflammation, and 33
(40.7%) showed complete absence of fibrosis. The above-mentioned study also showed sig-
nificant improvement in postoperative liver function tests (AST, ALT, GGTP). An 18-month
observation also revealed an increase in adiponectin levels and a reduction in serum lev-
els of leptin and resistin, when compared to presurgical values. The above-mentioned
data prove that both LSG and RYGB are significant surgical methods for NAFLD/NASH
treatment [87].

As presented above, bariatric surgery provides proven NAFLD amelioration; how-
ever, the remaining question is whether RYGB or LSG is more effective. A systematic
review and meta-analysis performed by Baldwin et al. compared RYGB and LSG using
4 separate criteria: AST and ALT concentration, NAFLD activity score and NAFLD fibrosis
score. Patients undergoing both procedures showed significant reduction in AST and ALT
values. Head-to-head comparison of AST mean differences trended toward LSG, but it
was statistically non-significant. This study failed to show superiority between RYGB
and LSG in ameliorating NAFLD [88]. Cherla et al. also proved the normalization of the
liver function test by the end of the first postoperative year; however, they did not find
significant differences between the SG and RYGB groups [89]. A meta-analysis performed
by Silva et al. showed that RYGB patients achieve significant reduction of steatohepati-
tis and fibrosis, while patients undergoing LSG presented significant reduction only of
steatohepatitis. According to their study, the NAFLD Activity Score significantly improved
after both procedures and no differences were found between LSG and RYGB regarding
histopathological changes [90]. A study conducted by Pedersen et al. showed that NAS
reduced significantly in both RYGB and LSG patients 12-months after the surgery. However,
RYGB patients had significantly more reduced (p = 0.007) liver steatosis (—0.91 (95% CI
—1.47-—1.2) than SG patients (—0.33 (95% CI —0.54-—0.13) and greater improvement in
the plasma lipid profile [83]. Luo at el. investigated liver volume and fat density in MRI in
patients undergoing bariatric surgery. Their study showed that RYGB patients achieved
higher weight loss and higher BMI loss when compared to the LSG group. However, the
percentage decrease in liver volume and MRI-PDFF did not differ significantly between
groups [91].

Despite the significant role of bariatric surgery in the treatment of NAFLD, there are
some patients that will develop new or worsened features of NAFLD after bariatric proce-
dure. The meta-analysis performed by Lee et al. showed that 12% of patients experienced
development or worsening of NAFLD (95% CI, 5-20%) [92]. A 5-year prospective study
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performed by Mathurin et al. showed that 19.8% of patients experienced fibrosis progres-
sion 5 years after bariatric surgery for unknown reason [93]. Aggravation of NAFLD after
bariatric procedure should be kept in mind when qualifying patients for bariatric surgery.

7. Conclusions

The current evidence suggests that bariatric/metabolic surgery for patients with
morbid obesity leads to improvement or resolution of NAFLD/NASH in terms of steatosis,
hepatic inflammation and fibrosis. Although the results of available cohort research are
satisfying, they have not been proved in clinical randomized trails. Further, long-term
studies are still needed to confirm the recommendation of bariatric surgery as a treatment
option for NAFLD.
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Abstract: Background: Morbid obesity co-exists with non-alcoholic fatty liver disease in up to 90% of
cases. Laparoscopic sleeve gastrectomy leads to a reduction in body mass and thus may improve
the course of non-alcoholic fatty liver disease. The aim of this study was to evaluate the effect of
laparoscopic sleeve gastrectomy on the resolution of non-alcoholic fatty liver disease. Methods: The
study included 55 patients with non-alcoholic fatty liver disease who underwent laparoscopic sleeve
gastrectomy ata tertiary institution. The analysis consisted of preoperative liver biopsy, abdominal
ultrasound, weight loss parameters, Non-Alcoholic Fatty Liver Fibrosis Score and selected laboratory
parameters. Results: Before the surgery, 6 patients were diagnosed with grade 1 liver steatosis,
33 patients with grade 2 and 16 patients with grade 3. One year after the surgery, only 21 patients had
features of liver steatosis at ultrasound. All weight loss parameters showed statistically significant
changes during the observation; the median percentage of total weight loss was 31.0% (IQR: 27.5;
34.5) with p = 0.0003, the median percentage of excess weight loss was 61.8% (IQR: 52.4; 72.3) with
p =0.0013 and the median percentage of excess body mass index loss was 71.0% (IQR: 61.3; 86.9) with
p =0.0036 12 months after laparoscopic sleeve gastrectomy. The median Non-Alcoholic Fatty Liver
Fibrosis Score at baseline was 0.2 (IQR: —0.8; 1.0) and decreased to —1.6 (IQR: —2.4; —0.4) (p <0.0001).
Moderate negative correlations between Non-Alcoholic Fatty Liver Fibrosis Score and percentage
of total weight loss (r = —0.434, p < 0.0001), percentage of excess weight loss (r = —0.456, p < 0.0001)
and percentage of excess body mass index loss (r = —0.512, p < 0.0001) were found. Conclusions: The
study supports the thesis that laparoscopic sleeve gastrectomy is an effective method for treatment of
non-alcoholic fatty liver disease in patients with morbid obesity.

Keywords: bariatric/metabolic surgery; laparoscopic sleeve gastrectomy; non-alcoholic fatty liver
disease; morbid obesity

1. Introduction

The pandemic of obesity has become a serious issue of public health worldwide as the
size of the obese population has almost tripled over the last four decades and continues to
rise [1]. This HAS resulted in a significant increase in the prevalence of non-alcoholic fatty
liver disease (NAFLD). NAFLD is currently the most common chronic liver disease, with
an estimated global prevalence at 25-30%, rising up to 90% in morbidly obese patients [2].
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According to US guidelines, NAFLD is recognized when there is > 5% steatotic hepatocytes
in imaging or histology with no alcohol-, drug- or viral-induced steatosis [3]. The spectrum
of NAFLD ranges from benign hepatocellular steatosis to non-alcoholic steatohepatitis
(NASH), fibrosis and eventually cirrhosis and may lead to the development of hepatocel-
lular carcinoma (HCC). It is believed that one third of patients at an early stage of NASH
will progress to fibrosis within 5 to 10 years after the diagnosis. Considering indications
for liver transplant, NAFLD/NASH is currently the most rapidly growing cause of HCC
among patients on the waiting list in the United States, increasing from 2.1% in 2002 to
16.2% in 2016 (p < 0.0001) [4]. According to the US National Liver Transplantation Registry
from 2018, 34.6% of liver transplant recipients had a BMI >3 0 kg/ m?, and almost 14% had
a BMI > 35 kg /m? [5]. The main management option for obesity-related NAFLD is weight
reduction by 7-10% with lifestyle modifications including dietary changes and physical
activity. However, this goal may be difficult to achieve in obese patients and even more
problematic to maintain. Studies have shown that more than 90% of obese patients cannot
achieve this target during one year of observation [6,7]. Bariatric surgery is an option
for obese individuals who fail to achieve suitable weight loss with lifestyle changes and
pharmacological methods. Bariatric surgery can help obese individuals achieve recom-
mended weight reduction and thus improve the course of NAFLD. The additional benefits
of bariatric surgery include resolution or amelioration of hypertension, hyperlipidemia and
type 2 diabetes and reduction of cardiovascular risk and mortality [8,9]. One of the most
commonly performed bariatric procedures worldwide is laparoscopic sleeve gastrectomy
(LSG). The IFSO Global Registry 2018 Report provided data from 51 different countries;
data were reported on 87,467 sleeve gastrectomy operations (46.0%), 72,645 Roux-en-Y
gastric bypass operations (38.2%), 14,516 one-anastomosis gastric bypass procedures (7.6%)
and 9534 gastric banding operations (5.0%) [10]. LSG reduces stomach volume and also
causes a decrease in ghrelin level, which is also called “a hormone of appetite” [11,12]. The
following study aims to show changes in the course of NAFLD in morbidly obese patients
undergoing laparoscopic sleeve gastrectomy in one year of observation and support the
thesis that the above-mentioned bariatric procedure is an effective method for treating the
liver manifestation of metabolic syndrome.

2. Materials and Methods

This is a retrospective study of patients who underwent laparoscopic sleeve gastrec-
tomy and were diagnosed with liver steatosis in abdominal ultrasound prior to the surgery.
The procedures were performed in the University Hospital at a tertiary institution between
2019 and 2021. Patients were qualified for surgical treatment of morbid obesity according
to the Polish Guidelines on Metabolic and Bariatric Surgery [13]. The inclusion criteria
for the surgical procedure comprised inability to achieve sustained weight loss with con-
servative management and BMI > 40.0 kg/ m? or 35-40 kg/ m?2 with the presence of at
least one obesity-related co-morbidity such as type 2 diabetes mellitus or insulin resis-
tance, hypertension, dyslipidemia, obstructive sleep apnea, non-alcoholic fatty liver disease
and non-alcoholic steatohepatitis, osteoarthritis, coronary artery disease and infertility in
women resulting from polycystic ovary syndrome. Patients with obesity-related endocrine
diseases, clinically significant or unstable mental health concerns and addiction to alcohol
or psychostimulants and women planning on pregnancy within two years after a potential
surgery were excluded from the surgical procedure. Study inclusion criteria: patients who
underwent LSG as a primary obesity surgery, patients with diagnosed NAFLD based on ab-
dominal ultrasound and no additional procedures during laparoscopic sleeve gastrectomy.
The approximate time between diagnosis of NAFLD and bariatric procedure was 6 months.
Exclusion criteria were viral hepatitis, autoimmune hepatitis, hemochromatosis, alcoholic
liver cirrhosis and complications during the surgery or observation period. Patients were
also excluded from the study when there was a lack of necessary data. Figure 1 presents
the explanation of the ultimate definition of the study group.
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Figure 1. Graphical guidelines for study group selection.

Demographic and clinical data were gathered before the surgery, as well as 6 and
12 months after the bariatric procedure. Postoperative weight loss was expressed in terms
of percent total weight loss (%TWL), percent excess weight loss (%EWL) and percent excess
BMI loss (%EBMIL). The following equations were used:

- Percent total weight loss: %TWL = (initial weight-current weight) /(initial weight) x 100;

- Percent excess BMI loss: %EBMIL = (initial BMI-postoperative BMI)/(initial BMI-25)
x 100;

- Percent excess weight loss: %EWL = (initial weight-postoperative weight)/(initial
weight-ideal weight) x 100, where ideal weight is defined by the weight corresponding
to a BMI of 25 kg/m?.

Biochemical analysis included aspartate aminotransferase (AST), alanine aminotrans-
ferase, (ALT), gamma-glutamyl transpeptidase (GGT), lactate dehydrogenase (LDH), biliru-
bin, serum albumin, fasting glucose level, platelet count, total cholesterol, triglyceride,
HDL cholesterol and LDL cholesterol levels.

Advanced hepatic fibrosis was assessed by the Non-Alcoholic Fatty Liver Disease
Fibrosis Score (NAFLD Fibrosis Score). The calculation was performed according to the
following formula:

NAFLD Fibrosis Score = —1.675 + 0.037 x age (years) + 0.094 x BMI (kg/mz) +
1.13 x hyperglycemia/diabetes (yes = 1, no = 0) + 0.99 x AST/ALT ratio — 0.013 x
platelets (x 10°/L — 0.66 x albumin, g/dL). Values below —1.455 were considered as the
absence of liver fibrosis and those above 0.676 as the presence of advanced hepatic fibrosis.
Values between —1.455 and 0.676 were considered as indeterminate hepatic fibrosis [14].

Abdominal ultrasound was performed before the surgical procedure and 6 and
12 months after the surgery. Liver steatosis in abdominal ultrasound was graded
as follow:

e  Score 0 (absent)—normal echotexture of the liver;

e  Score 1 (mild)—a slight and diffuse increase in liver echogenicity with normal visual-
ization of the diaphragm and of the portal vein wall;

e  Score 2 (moderate)—a moderate increase in liver echogenicity with slightly impaired
appearance of the portal vein wall and the diaphragm;
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e Score 3 (severe)—marked increase in liver echogenicity with poor or no visualization
of portal vein wall, diaphragm and posterior part of the right liver lobe.
The hepatic biopsy was performed during the laparoscopic sleeve gastrectomy. Histo-
pathological examination included the assessment of the presence or absence of steatosis,
fibrosis and lobular inflammation.

2.1. Surgical Technique

The greater curvature of the stomach was dissected starting by 6 cm to the pylorus
up to the His angle. The reduction in stomach volume was performed using a 36-Fr
bougie and 60 mm linear staplers. At the end, the leak test was performed with the
use of methylthioninium chloride solution and air. The gastric specimen was sent to
pathology examination. Patients were discharged home a day after the surgery if no
complications occurred.

2.2. Data Analysis

Data were analyzed using GraphPad Prism 9.0.0 software (GraphPad Software, San
Diego, CA, USA). Normality of distribution was checked by the W Shapiro-Wilk test. The
Wilcoxon matched-pairs signed-rank test was used for comparison between the two groups.
The ANOVA Friedmann test was applied to comparisons between more than two groups
and the paired Dunn’s test for post hoc analysis. Continuous values are presented as
medians with interquartile ranges. The correlation between examined parameters and the
strength of that relationship was measured with the nonparametric Spearman rank-order
correlation coefficient. The significance level was set at p < 0.05.

3. Results

The study group included 55 patients, 32 men (58%) and 23 women (42%). The median
age of patients at the time of surgery was 43.5 years (22-54 years). The median preoperative
BMI was 45.6 (IQR: 42.5; 50.2) kg/m?. Of the patients, 62% (1 = 34) had hypertension,
27% insulin resistance or type 2 diabetes (n = 15) and 41% hypercholesterolemia (n = 23).
Preoperatively, 6 patients were diagnosed with grade 1 liver steatosis, 33 patients with
grade 2 and 16 patients with grade 3. One year after the surgery, only 21 patients had
features of liver steatosis in abdominal ultrasound—grade 1 was observed in 19 patients
and grade 2 in 2 patients. The assessment of liver steatosis and its changes in abdominal
ultrasound during one year of observation is presented in Table 1 and Figure 2. The analysis
of preoperative liver specimens revealed hepatic steatosis in all patients, inflammatory
features in 32 patients (58.2%) and liver fibrosis in 12 patients (21.8%).

Table 1. The assessment of liver steatosis in abdominal ultrasound during one year of observation.

. S Follow Up 0 6 Months 12 Months
Liver Steatosis Status
Grade 0 N/A 20 (37%) 34 (62%)
& : Grade 1 6 (11%) 20 (37%) 19 (35%)
teatosls Grade 2 33 (60%) 13 (24%) 2 (4%)

Grade 3 16 (29%) 2 (4%) 0

Partial remission N/A 27 (49%) 16 (29%)

Total remission N/A 20 (37%) 34 (62%)
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Figure 2. Graphical presentation of liver steatosis regression in abdominal ultrasound.

All parameters representing postoperative weightloss showed a statistically significant
increase in one year of observation. The median %EBMIL rose from 61.8% (IQR: 53.6; 74.4)
6 months after the surgery to 71.0% (IQR: 61.3; 86.9) 12 months after the bariatric procedure
(p = 0.0036). The median %EWL increased to 61.8% (IQR: 52.4; 72.3) with p = 0.0013
and median %TWL to 32.5% (IQR: 28.2; 36.9) with p = 0.0003 one year after the bariatric
procedure. The results of bariatric effect in the study group are presented in Table 2 and
Figure 3.

The amelioration in liver enzymes profile was observed in one year of follow up,
including AST (25.5 (IQR: 19.0; 37.0) vs. 20.0 (IQR: 17.0; 26.0)), ALT (41.10 (IQR: 21.0; 53.9)
vs. 19.0 (IQR: 16.0; 24.0)), GGT (28.5 (IQR: 21.6; 56.5) vs. 18.0 (IQR: 13.7; 35.0)) and LDH
(235.0 (IQR: 186.0; 271.0) vs. 176.0 (IQR: 152.0; 184.0)). Table 3 presents changes in selected
laboratory parameters and NAFLD Fibrosis Score during the observation.

Table 2. Results of bariatric effects in study group.

Variables 0 6 Months 12 Months p-Value
BMI (kg/m?) 45.6 (42.5-502)  33.5(29.4-35.8) 31.0 (27.5-34.5) <0.0001
%TWL N/A 292 (252-324)  325(28.2-36.9) 0.0003
%EWL N/A 535 (46.3-62.4)  61.8 (52.4-72.3) 0.0013
%EBMIL N/A 61.8 (53.6-74.4)  71.0 (61.3-86.9) 0.0036

Values are expressed as median (IQR). BMI, body mass index; %EBMIL, percentage of excess BMI loss; %EWL,
percentage of excess weight loss; %TWL, percentage of total weight loss; N/A, not applicable.
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Figure 3. Changes in weight loss parameters during the observation. BMI, body mass index; %EBMIL,
percentage of excess BMI loss; %EWL, percentage of excess weight loss; %TWL, percentage of total
weight loss. Blue color refers to the preoperative examination, red—6 months after the surgery and
green—12 months after the surgery.

Table 3. Results of selected laboratory parameters during one year of follow up.

Variables 0 6 Months 12 Months p-Value
ALB (g/dL) 3.8 (3.7-3.9) 4.0(3.9-4.2) 4.0(3.9-4.1) <0.0001
PLT (x10°/L) 234.0 (20.5-274.0) 218.0 (190.0-276.0) 233.0 (200.0-268.0) 0.5600
FPG (mg/dL) 110.0 (94.0-130.0) 94.0 (89.0-99.0) 89.0 (83.0-96.0) <0.0001
Bilirubin (mg/dL) 0.6 (0.4-0.7) 0.8(0.5-0.9) 0.9 (0.6-1.1) 0.0002
GGT (IU/L) 28.5 (21.6-56.5) 18.0 (12.5-27.0) 18.0 (13.7-35.0) 0.0003
LDH (IU/L) 235.0 (186.0-271.0) 179.0 (154.0-203.0) 176.0 (152.0-184.0) <0.0001
ALT (IU/L) 41.1 (21.0-53.9) 21.0 (14.7-26.0) 19.0 (16.0-24.0) <0.0001
AST (IU/L) 25.5(19.0-37.0) 18.1 (14.0-24.0) 20.0 (17.0-26.0) 0.0002
Total cholesterol (mg/dL) 178.0 (148.0-193.0) 178.0 (144.0-201.0) 180.0 (153.0-180.0) 0.8285
LDL (mg/dL) 114.4 (96.3-129.0) 106.4 (82.0-133.0) 113.5 (76.0-132.6) 0.6769
HDL (mg/dL) 45.8 (37.1-50.4) 47.5 (39.8-57.6) 54.0 (46.8-65.0) <0.0001
TG (mg/dL) 156.1 (112.0-215.0) 109.0 (76.0-139.0) 86.0 (61.0-134.0) <0.0001
NAFLD Fibrosis Score 0.2(-0.8-1.0) -11(-23--02) -1.6(-24--04) <0.0001

Values are expressed as median (IQR). ALB, serum albumin; PLT, platelet count; FPG, fasting plasma glucose;
GGT, gamma-glutamyl transpeptidase; LDH, lactate dehydrogenase (LDH); ALT, alanine transaminase; AST,
aspartate transaminase; LDL, low-density lipoprotein; TG, triglyceride; HDL, high-density lipoprotein.

The median NAFLD Fibrosis Score at baseline was 0.2 (IQR: —0.8; 1.0) and decreased
to —1.6 (IQR: —2.4; —0.4) one year after the surgery (p < 0.0001). There was a nega-
tive moderate correlation between NAFLD Fibrosis Score and mean %TWL (r = —0.434,
p < 0.0001), %EWL (r = —0.456, p < 0.0001) and %EBMIL (r = —0.512, p < 0.0001). The
assessment of the risk of advanced liver fibrosis and its changes during the observation is
presented in Figure 4.
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Figure 4. Risk of advanced hepatic fibrosis based on NAFLD Fibrosis Score.

4. Discussion

This study investigated the impact of one of the bariatric procedures, laparoscopic
sleeve gastrectomy, on the course of non-alcoholic fatty liver disease during one year
of observation.

Despite a number of promising treatment options for NAFLD, including antidiabetic
and anti-obesity drugs, drugs modifying the lipid profile, vitamin E supplementation and
novel therapeutic treatments inclusive of medication that interfere with inflammatory,
fibrotic and apoptotic pathways, healthy lifestyle modification combined with a decrease
in body mass remains at the core of management of NAFLD and NASH [15]. Dietary
recommendations for individuals with obesity and non-alcoholic fatty liver disease include:
reduction in energy intake, reduction in fructose consumption and a well-balanced diet
comprising 40-50% energy from carbohydrates, <30% fat (saturated fatty acids >7% and
<10% total energy) and about 20% protein [16]. However, very often, the above recommen-
dations are difficult to fulfill, and obese patients fail to achieve the expected weight loss.
Several studies have shown that laparoscopic sleeve gastrectomy causes significant weight
loss over both short- and long-term observation periods [17-19]. Kraljevi¢ et al. analyzed
307 patients who underwent LSG as a primary bariatric procedure. The mean %EBMIL was
62.8 £ 23.1% after 5 years, 53.6 £ 24.6% after 10 years and 51.2 =+ 20.3% after 13 years [20].
Our study also proved that laparoscopic sleeve gastrectomy contributes to considerable
body mass reduction in patients with morbid obesity, reaching a median %EBMIL of 71.0%
(IQR: 61.3; 86.9) after 12 months. Algooneh et al. analyzed the impact of %EWL on the
resolution of NAFLD. A significant resolution of NAFLD was seen in patients achieving
a mean %EWL > 50% (OR 10.1; p < 0.001). However, resolution of NAFLD was observed
even in patients with a mean %EWL of 30% (OR 7.0, p = 0.024) [21]. In this study, the
median percentage of excess weight loss reached 61.8% (IQR: 52.4; 72.3) one year after
laparoscopic sleeve gastrectomy.

In a study conducted by Mattar et al., it was observed that weight loss induced by
bariatric surgery (Roux-en-Y gastric bypass (RYGB) or LSG) causes significant improvement
or resolution of NAFLD and NASH in liver histology, including steatosis, inflammation and
fibrosis [22]. Fakhry etal. conducted a wide metanalysis that included 21 studies with a total
number of 2374 patients who had undergone bariatric surgery (vertical-banded gastroplasty
(VGB), laparoscopic adjustable gastric banding (LAGB), RYGB or LSG). They provided
strong evidence that bariatric surgery not only improves biochemical and histological
features of NAFLD but also terminates the progression of the disease and resolves it in up
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to 30% of patients [23]. In our study, the total resolution rate for liver steatosis in abdominal
ultrasound was 62% (34 patients) one year after laparoscopic sleeve gastrectomy.

Bower et al. conducted a systematic review and proved that bariatric surgery is
associated with improvement of the histological features of NAFLD, including steatosis
(50.2 and 95%CI of 35.5-65.0), fibrosis (11.9 and 95% CI of 7.4-16.3%) and lobular inflam-
mation (50.7 and 95% CI, 26.6-74.8%) [24]. Another metanalysis that included 32 cohort
studies comprising 3093 biopsy specimens showed that bariatric surgery is an effective
method for the treatment of NAFLD, resulting in biopsy-confirmed resolution of steatosis
in 66% patients (95% CI, 56-75%), inflammation in 50% (95% CI, 35-64%), ballooning
degeneration in 76% (95% CI, 64-86%) and fibrosis in 40% (95% CI, 29-51%). However,
this metanalysis showed new features or worsening of NAFLD in 12% (95% CI, 5-20%)
of patients [25]. Moretto et al. analyzed 78 morbidly obese patients who had undergone
gastric bypass and had undergone liver biopsy during the surgery and after weight loss.
They found that the prevalence of liver fibrosis was 44.9% (CI 95% 33.6-56.6%) at the first
biopsy and 30.8% (CI 95% 20.8-42.2%) after weight loss (p = 0.027) [26]. However, it is
also known that rapid weight loss may increase the risk of hepatic fibrosis. Weight loss
of more than 1.6 kg per week results in a rapid reduction in hepatic fat and a subsequent
increase in visceral free fatty acids and proinflammatory cytokines, which may worsen the
course of the histological features of NAFLD [27]. An interesting observation was made by
Mathurin et al. Their research showed that the improvement of steatosis and ballooning
occurred mainly during the first year after bariatric surgery and persisted up to 5 years
postoperatively. However, they noticed that liver fibrosis worsened at 5 years even though
more than 95% of patients had a Fibrosis Score < F1 [28]. The research conducted by Mottin
et al. showed that 16 out of 90 patients (17.8%) who underwent bariatric surgery had the
same degree of liver steatosis at the second biopsy as during the operation [29].

A study conducted by Ruiz-Tover et al. showed that liver steatosis measured by
abdominal ultrasound improves after sleeve gastrectomy. A complete resolution in liver
steatosis was observed in 90% of patients included in their study [30]. Complete resolution
measured by ultrasonography in our study was seen in 62% of all patients. Another study
conducted by Elyasinia et al. proved that both laparoscopic sleeve gastrectomy and gastric
bypass significantly enhance hepatic status in ultrasonography. Preoperatively, 81.8% of
patients were diagnosed with grade I or I liver steatosis. One year after the surgery, 72.7%
of patients presented no NASH signs in ultrasonography [31]. According to our study,
19 patients (34.5%) had grade 1 liver steatosis in abdominal ultrasonography after one year
of observation.

The previously mentioned research conducted by Bower et al. also confirmed an
amelioration in liver enzymes profile, including ALT (11.36 u/L, 95%CI 8.36-14.39), AST
(391 u/L, 95%CI 2.23-5.59), ALP (10.55 u/L, 95%CI 4.40-16.70) and gamma-GT (18.39 u/L,
95%CI 12.62-24.16) [19]. A study conducted by Kirkpatrick et al. revealed a reduction in
liver enzymes including ALT (66.21 vs. 28.58) and AST (46.28 vs. 24.69) during 12 months
of observation [32]. Groth et al. also observed an amelioration in the liver enzymes profile
in patients undergoing laparoscopic sleeve gastrectomy during 6 months of follow up (AST
22.0(19.0-28.0) vs. 16.0 (13.0-22.0), p < 0.001, and ALT 27.5 (20.5-41.0) vs. 19.0 (15.0-27.0),
p < 0.001) with no statistical differences regarding gender (p = 0.840) [33]. Similar results
were observed in our study. We noted a statistically significant reduction in AST, ALT,
GGT and LDH serum activity. A reduction of transaminase levels decreases the risk of
progression to fibrosis and the end stage of liver disease. Additionally, Lee et al. proved
that patients with elevated serum aminotransferase levels are at a higher risk not only of
liver disease but also of all-cause mortality [34].

Nascimento et al. analyzed changes in NAFLD Fibrosis Score before and after
bariatric surgery. The NAFLD Fibrosis Score changed from —0.6845 before the surgery to
—1.6898 12 months after the procedure (p < 0.0002), indicating an absence of advanced liver
fibrosis in any patient 12 months after the surgery [35]. An intermediate degree of fibrosis
was identified in 12 patients (46.2%) one year after the bariatric procedure. The research
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conducted by Yang et al. also revealed statistically significant changes in the NAFLD
score (—1.636 vs. —2.123, p < 0.001) over a two-year observation period [36]. Sandvik
et al. observed a significant overall shift towards lower risk categories of advanced hepatic
fibrosis based on NAFLD Fibrosis Score in 11.6 years of observation (NAFLD Fibrosis Score
—1.32 (IQR —2.33; —0.39) vs. —1.71 (IQR —2.49; —0.95, p < 0.001) 11.6 years after surgery).
In the above-mentioned study, a weak negative correlation between the decrease in NAFLD
Fibrosis Score and weight loss parameters (%EWL (r = —0.251, p < 0.0001) and %TWL
(r=-0.280, p <0.0001)) was observed [37]. In our study, a statistically significant decrease
in NAFLD Fibrosis Score was also seen. Additionally, we found a moderate negative
correlation between NAFLD Fibrosis Score and weight loss parameters, including the
percentage of total and excess weight loss and the percentage of excess BMI loss. Salman
et al. analyzed patients with NASH-related liver cirrhosis of Child class A scheduled for
laparoscopic sleeve gastrectomy due to morbid obesity. In their observation, the fibrosis
score regressed to F2 in 19 patients (26.8%) and F3 in 29 (40.8%) during 30 months of follow
up. Additionally, patients with improved Fibrosis Score had significantly higher weight
loss (p <0.001). Thirty months after surgical treatment, 53.8% of cases with borderline
NASH and 36.8% of those with probable NASH showed complete resolution. This study
proved that bariatric surgery may be an option in patients with NASH-related hepatic
fibrosis and morbid obesity [38]. In a study conducted by Murakami et al., the NAFLD
activity score was reduced in 10 of the 11 patients (90.9%), and there was a significant
difference between before and 1 year after laparoscopic sleeve gastrectomy (p < 0.05). Non-
alcoholic steatohepatitis was no longer demonstrated in 81.8% patients in liver biopsy
1 year after the surgery; however, the fibrosis stage did not significantly ameliorate 1 year
after laparoscopic sleeve gastrectomy [39].

The main limitation of our study is the fact that postoperative liver steatosis was
evaluated with ultrasonography and not by hepatic biopsy to examine histological features
of NAFLD. Some researchers may question ultrasonography as an imaging tool to predict
the presence and severity of liver steatosis based on the fact that it is a performer-dependent
and subjective imaging method. Generalizability of our results could be also impaired
by the low number of participants, and therefore it is important to remember that some
patients undergoing laparoscopic sleeve gastrectomy will not experience the amelioration
of liver steatosis during observation. The surgical procedure may not always improve the
grade of hepatic steatosis, or, in rare cases, it may even worsen the condition of the liver.
Additionally, longer observation could be performed in order to achieve strong evidence
that LSG improves the course of NAFLD.

5. Conclusions

In conclusion, our study confirms the thesis that laparoscopic sleeve gastrectomy is
an effective method for the treatment of NAFLD in morbidly obese patients. Weight loss
induced by LSG resolved NAFLD in more than 50% of patients according to ultrasound
features of steatosis in one year of observation. Laparoscopic sleeve gastrectomy led to sig-
nificant decrease in liver enzymes concentration and a reduction in NAFLD Fibrosis Score.
Considering the increasing global prevalence of NAFLD, laparoscopic sleeve gastrectomy
may be a crucial method of treatment in patients with morbid obesity and hepatic steatosis.
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8. Omowienie cyklu publikacji

Pierwszg prace w cyklu stanowi praca pogladowa “Non-alcoholic fatty liver
disease (NAFLD) and bariatric/metabolic surgery as its treatment option: a review”,
w ktorej omowiono epidemiologi¢, patogeneze, diagnostyke oraz opcje leczenia
niealkoholowej sttuszczeniowej choroby watroby, poswigcajac oddzielny paragraf
wptywowi chirurgii bariatryczno — metabolicznej, w tym laparoskopowej r¢kawowe;j

resekeji zotadka na przebieg wyzej wymienionego schorzenia.

Niealkoholowa stluszczeniowa choroba watroby jest obecnie najczesciej spotykang
chorobg watroby w praktyce klinicznej. Zachorowalno$¢ na NAFLD nieustannie ro$nie,
przez co stanowi ona istotny problem kliniczny oraz zdrowotny na calym $wiecie.
Pomimo aktualnej wiedzy na temat epidemiologii, patogenezy oraz przebiegu NAFLD,
leczenie nadal pozostaje wyzwaniem w praktyce klinicznej, gdyz do tej pory nie
zatwierdzono zadnych swoistych terapii farmakologicznych. Leczenie opiera si¢
gtownie na modyfikacji stylu zyciu z uwzglednieniem diety o obnizonej energetyce,
ograniczeniu spozycia weglowodanoéw prostych oraz zwigkszeniu aktywnosci
fizycznej. Celem powyzszych dziatan jest redukcja masy ciata o 5 — 10% w przypadkow
pacjentow z nadwagga i otytoscig. W ostatnich latach szeroko badano wptyw dostgpnych
lekow, ktore mogtyby by¢ uzyte w terapii oraz modyfikacji przebiegu NAFLD. Naleza
do nich leki  przeciwcukrzycowe [metformina, pioglitazon, analogi
glukagonopodobnego peptydu 1 (ang. glucagon-like peptide 1 — GLP-1), inhibitory
kotransportera sodowo — glukozowego 2 (ang. sodium — glucose co — transporter 2 —
SGLT2)], leki obnizajace stezenie lipidow oraz witamina E. Prowadzone sg rowniez

badania nad nowymi lekami, ktére mogtyby by¢ wykorzystane w terapii NASH oraz
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NAFLD. Sg to miedzy innymi: agonisci receptora X farnesoidu (ang. farnesoid X
receptor — FXR), kwas obetycholowy, przeciwciata przeciwko oksydazie lizylowej typu
2 (ang. inhibitory antibody to lysyl oxidase 2 — LOXL-2) czy inhibitory kinazy
regulujacej sygnal apoptozy (ang. apoptosis signal-regulating kinase 1 — ASK1).
Niestety wszystkie wymienione leki pozostajg w trakcie badan klinicznych i nie zostaty
zatwierdzone w leczeniu NASH. Jedyng skuteczng metoda leczenia NAFLD jest
redukcja masy ciata, ktora w przypadku pacjentdw z otytoscig olbrzymia jest czgsto
trudna do osiggniecia w wyniku modyfikacji diety oraz leczenia farmakologicznego.
Laparoskopowa reckawowa resekcja zotadka jest metoda chirurgicznego leczenia
otytosci olbrzymiej, ktora nie tylko zapewnia znacza redukcje masy ciala, ale takze
pozwala na dlugotrwale utrzymanie efektu. Dostgpne dane w literaturze sugeruja, ze
LSG poprawia przebieg NAFLD prowadzac do catkowitego ustgpienia badz
zmniejszenia sttuszczenia watroby, co jest widoczne w badaniach laboratoryjnych oraz

obrazowych, w tym w badaniu ultrasonograficznym jamy brzusznej.

Druga prace w cyklu stanowi artykut “The effect of laparoscopic sleeve
gastrectomy on the course of non-alcoholic fatty liver disease in morbidly obese patients
during one year of follow up”. Celem powyzszej pracy byta ocena przebiegu NAFLD
po operacji rekawowej resekcji zotadka u pacjentow z otytoscig olbrzymia w obserwacji
rocznej. Dodatkowo podjeto probg odpowiedzi na pytanie, czy pooperacyjna redukcja
masy ciala ma wplyw na zmniejszenie ryzyka zwloknienia watroby na podstawie

NAFLD Fibrosis Score.

Badanie zostalo przeprowadzone w latach 2019 — 2021 i obejmowato chorych

poddanych LSG z wspdtistniejagcg NAFLD zdiagnozowang na podstawie badania USG
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jamy brzusznej. Przedoperacyjnie zebrano dane kliniczne oraz pobrano material do
badan laboratoryjnych. Srédoperacyjnie wykonano pobranie wycinka watroby do oceny
histopatologicznej. Wizyty kontrolne odbyly si¢ 6 i 12 miesigcy po zabiegu
operacyjnym, w trakcie ktorych dokonano oceny redukcji masy ciata, wykonano

kontrolne badania biochemiczne oraz ultrasonograficzng ocen¢  watroby.

W badaniu uczestniczylto 55 pacjentoéw, z czego kobiety stanowity 42% (n = 23).
Sredni wiek pacjentéw biorgcych udziat w badaniu wyniést 43,5 roku. Mediana
przedoperacyjnego BMI wyniosta 45.6 (42.5 — 50.2) kg/m?. Sposréd chordb
wspolistniejacych z otytoscia najczesciej zdiagnozowanymi byly: nadcis$nienie tetnicze
(62%), hipercholesterolemia (41%) oraz insulinoopornos$¢ i cukrzyca typu 2 (27%).
W bioptacie watroby pobranym w trakcie zabiegu operacyjnego do badania
histopatologicznego stluszczenie watroby zostalo potwierdzone u wszystkich
pacjentow, cechy zapalenia zostaty stwierdzone u 58% badanych (n = 32), a wtdknienie
watroby uwidoczniono w 22% przypadkéw (n = 12).

Przedoperacyjne badania ultrasonograficzne jamy brzusznej ujawnilo cechy
sttuszczenia I stopnia u 6 pacjentow (11%), Il stopnia — 33 pacjentow (60%), III stopnia
— 16 badanych (29%). Rok po zabiegu operacyjnym jedynie u 21 pacjentow (38%)
obserwowano cechy stluszczenia watroby w USG — w stopniu [ u 19 pacjentow (35%),
Il — 2 uczestnikow badania (4%).

Analiza parametréw pooperacyjnej utraty masy ciata wykazata spadek BMI
z 45.6 kg/m? (42.5 — 50.2) do 31.0 kg/m? (27.5 — 34.5) rok po zabiegu, p < 0,0001.
Mediana % TWL wzrosta z 29.2% (25.2 — 32.4) 6 miesiecy po zabiegu do 32.5% (28.2

— 36.9) rok po operacji, p = 0,0003. Obserwowano rowniez istotny statystycznie wzrost
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wartoéci %EWL (53.5% (46.3 — 62.4) vs. 61.8% (52.4 — 72.3), p = 0,0013) oraz

%EBMIL (61.8% (53.6 — 74.4) vs. 71.0% (61.3 — 86.9), p = 0,0036).

W tabeli 1 przedstawiono warto$ci wybranych parametréw laboratoryjnych w trzech

punktach czasowych (przed zabiegiem operacyjnym oraz 6 i 12 miesi¢cy po operacji).

Parametry Przed operacja 6 miesiecy 12 miesiccy  Wartos¢
po zabiegu po zabiegu p
Albuminy 3.8 (3.7-3.9) 4.0 (3.9-4.2) 40(39-41)  <0.0001
(g/dL)
Plytki krwi ] 218.0 (190.0-  233.0 (200.0-
(101 ) 234.0 (20.5-274.0) 776.0) 255.0) 0.5600
Glukoza na
czc20 110.0 (94.0-130.0)  94.0 (89.0-99.0) 89.0 (83.0-96.0) <0.0001
(mg/dl)
Bilirubina
o/l 0.6 (0.4-0.7) 0.8(0.5-0.9) 0.9(0.6-11)  0.0002
SS/TLF)’ 285 (21.6-56.5)  18.0 (125-27.0) 18.0(13.7-35.0) 0.0003
LDH ) 179.0 (154.0-  176.0 (152.0-
(1UL) 235.0 (186.0-271.0) 205.0) 184.0) <0.0001
(ﬁJL/[) 41.1(21.0-53.9)  21.0(14.7-26.0) 19.0 (16.0-24.0) <0.0001
(ﬁJS/[) 255(19.0-37.0)  18.1 (14.0-24.0) 20.0 (17.0-26.0)  0.0002
Cholesterol
catkowity 178.0 (148.0-193.0) 178'2%%)4'0' 180'1%615)3'0' 0.8285
(mg/dl) ' '
LDL 106.4 (82.0- 113.5 (76.0-
(mo/di) 114.4 (96.3-129.0) 133.0) 132.6) 0.6769
HDL 458 (37.1-50.4)  47.5(39.8-57.6) 54.0 (46.8-65.0) <0.0001
(mgy/dl)
TG (mg/dl) 156.1 (112.0-215.0) 1091'29%?'0' 86'1%%)'0' <0.0001

Tabela 1. Wyniki wybranych parametrow biochemicznych w trakcie rocznej obserwacji
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Przedoperacyjna mediana NAFLD Fibrosis Score wyniosta 0.18 (-0.8 — 1.0)
i zmniejszyta si¢ do -1.59 (-2.4 — -0.4) rok po laparoskopowej r¢kawowej resekcji
zoladka. Rycina 2 przedstawia zmiany ryzyka rozwoju zaawansowanego zwldknienia
watroby na podstawie NAFLD Fibrosis Score w obserwacji rocznej. Analiza
statystyczna wykazata umiarkowang ujemng korelacj¢ pomiedzy NAFLD Fibrosis
Score,a%TWL (r=-0, 434, p <0,0001), %EWL (r =-0.456, p < 0,0001) oraz %EBMIL
(r=-0.512, p < 0,0001).

Ryzyko wystapienie zaawansowanego zwloknienia

watroby w zaleznosci od NAFLD Fibrosis Score
35

30

25

2

| U

N =

Przed zabiegiem operacyjnym 6 miesiecy po zabiegu 12 miesigcy po zabiegu

=]

%]

=]
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m Niskie ryzyko  mUmiarkowane ryzyko = Wysokie ryzyko

Rycina 2. Zmiany ryzyka wystgpienia zaawansowanego zwtdknienia watroby na podstawie warto$ci NAFLD
Fibrosis Score
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9. Podsumowanie wynikow

Podsumowujac, powyzsze prace prezentujg wpltyw laparoskopowej rekawowe;j
resekcji zotadka na przebieg nicalkoholowej sttuszczeniowej choroby watroby. Jako
jedne z pierwszych w Polsce podnosza ten temat i dotycza licznej grupy osob
uczestniczgcych w badaniu. Ponadto badanie uwzgle¢dniato oceng sttuszczenia watroby
w badaniu ultrasonograficznym oraz dodatkowo w badaniu histopatologicznym
bioptatu watroby, co jest obecnie zlotym standardem w rozpoznawaniu NAFLD.
Przeprowadzone badania pozwolity potwierdzi¢, ze laparoskopowa rekawowa resekcja
zotadka prowadzi do znacznej redukcji masy ciala w obserwacji rocznej i pozwala
osiaggnag¢ korzystny efekt zabiegu bariatrycznego u oso6b badanych. W badaniu
potwierdzono korzystny wpltyw zabiegu operacyjnego na aktywno$¢ enzymow
watrobowych w trakcie 12 — miesiecznej obserwacji. Dodatkowo analiza wynikow
badan ultrasonograficznych wykazata, ze w wyniku przebytej laparoskopowej
rekawowej resekcji zotadka dochodzi do zmniejszenia stopnia sttuszczenia watroby

badz jego catkowitego ustapienia w obserwacji roczne;.
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10. WhnioskKi

Przeprowadzone badania pozwolity wyciagna¢ nastepujace wnioski:

e Laparoskopowa rekawowa resekcja powoduje znaczng redukcje masy ciala
w obserwacji rocznej u pacjentdw z otytoscig olbrzymia oraz wspdtistniejaca
niealkoholow3 stluszczeniowa chorobg watroby.

e Laparoskopowa rgckawowa resekcja zoladka prowadzi do catkowitego
ustgpienia badZz zmniejszenia stopnia stluszczenia watroby w badaniu
ultrasonograficznym w trakcie rocznej obserwacji.

e Laparoskopowa rekawowa resekcja zotadka powoduje istotny spadek
aktywnos$ci enzymow watrobowych w obserwacji roczne;.

e Pooperacyjna redukcja masy ciala prowadzi do zmniejszenia ryzyka

zwtdknienia watroby na podstawie NAFLD Fibrosis Score.
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11. Streszczenie

Wstep

Laparoskopowa r¢kawowa resekcja zotadka jest obecnie najcze$ciej wykonanym
zabiegiem bariatryczno — metabolicznym na $wiecie. Operacja rekawowej resekcji
zotadka prowadzi do ograniczenia ilosci spozywanego pokarmu, a co za tym idzie
powoduje znaczng utrate masy ciala. Dodatkowo w wyniku pooperacyjnej redukcji
masy ciata dochodzi do poprawy kontroli badz catkowitego ustgpienie chordb
wspolistniejacych takich jak: dyslipidemia, nadci$nienie tetnicze czy cukrzyca typu 2.
Inng choroba wspotistniejaca z otytoscia jest niealkoholowa sttuszczeniowa choroba
watroby, ktora staje si¢ coraz bardziej powszechna i moze dotyczy¢ az 90% pacjentow

z otyltoscig olbrzymig.

Cel pracy
Celem powyzszej pracy byla ocena wplywu laparoskopowej rekawowej resekcji
zoladka na przebieg niealkoholowej sttuszczeniowej choroby watroby w obserwacji

rocznej.

Material i metody

Badaniem objeto 55 pacjentéw (32 mezczyzn oraz 23 kobiety), ktorzy w latach 2019 —
2021 przeszli zabieg rekawowej resekcji zotadka z powodu otylosci olbrzymiej
ze wspolistniejacg niealkoholowa stluszczeniowa choroba watroby rozpoznang
w badaniu ultrasonograficznym. Analiza obejmowala ocen¢ wybranych parametrow
biochemicznych (w tym aktywnosci enzymoéw watrobowych, profilu lipidowego

1 weglowodanowego), oceng pooperacyjnej utraty masy ciala i efektu bariatrycznego
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na podstawie procentu utraty catkowitej masy ciata (%TWL), nadmiernej masy ciata
(%EWL) 1 nadmiaru BMI (%EBMIL) oraz ocen¢ stluszczenia watroby w badaniu
ultrasonograficznym. Pomiaréw dokonano przedoperacyjnie oraz pét roku i1 rok
po zabiegu operacyjnym. Srédoperacyjnie pobrano réwniez wycinek watroby celem

oceny stluszczenia, zapalenia oraz wtdknienia w badaniu histopatologicznym.

Podsumowanie wynikow

Analiza efektu bariatrycznego wykazata istotny statystycznie spadek BMI z 45.6 kg/m?
(42.5 — 50.2) do 31.0 kg/m? (27.5 — 34.5) rok po zabiegu, p < 0,0001 oraz wzrost
mediany %TWL z 29.2% (25.2 — 32.4) 6 miesi¢cy po zabiegu do 32.5% (28.2 — 36.9)
rok po operacji, p = 0,0003. Obserwowano réwniez wzrost wartosci %EWL (53.5%
(46.3— 62.4) vs. 61.8% (52.4 —72.3), p = 0,0013) oraz %EBMIL (61.8% (53.6 — 74.4)
vs. 71.0% (61.3 — 86.9), p = 0,0036) odpowiednio 6 i 12 miesi¢gcy po zabiegu
operacyjnym, co wskazuje na korzystny efekt bariatryczny. Przedoperacyjne badania
ultrasonograficzne jamy brzusznej ujawnity cechy stluszczenia watroby | stopnia
u 6 pacjentow (11%), II stopnia u 33 pacjentow (60%), a Il stopnia u 16 badanych
(29%). Rok po zabiegu operacyjnym tylko 38% pacjentow prezentowato cechy
sttuszczenia watroby w USG — w stopniu | — 19 pacjentow (35%), w stopniu Il — 2
uczestnikoOw badania (4%). Analiza wskaznika zwtdknienia watroby w niealkoholowej
sthuszczeniowej chorobie watroby (NAFLD Fibrosis Score) ujawnita zmniejszanie
ryzyka rozwoju zaawansowanego wldOknienia watroby w obserwacji rocznej, co

korelowalo z pooperacyjna redukcja masy ciata.
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12. Streszczenie w jezyku angielskim

Introduction

Laparoscopic sleeve gastrectomy is currently the most frequently performed bariatric
and metabolic procedure in the world. The surgery leads to a reduction in the amount
of food intake, and thus causes a significant reduction in body mass. In addition, as
a result of postoperative weight reduction, the control of comorbidities such as
dyslipidemia, hypertension or type 2 diabetes is improved or completely eliminated.
Another disease coexisting with obesity is non-alcoholic fatty liver disease, which is
becoming more and more common and may affect up to 90 % of morbidly obese

patients.

Aim of the study
The aim of this study was to assess the effect of laparoscopic sleeve gastrectomy on the

course of non-alcoholic fatty liver disease in one-year follow-up.

Material and methods

The study included 55 patients (32 men and 23 women), who undergone laparoscopic
sleeve gastrectomy due to morbid obesity and were diagnosed with non —alcoholic fatty
liber disease on abdominal ultrasound. The analysis included the assessment of selected
biochemical parameters (including the activity of liver enzymes, lipid and carbohydrate
profile), assessment of postoperative weight loss and bariatric effect based on
percentage of total weight loss (% TWL), excess weight loss (%EWL) and excess BMI
loss (%EBMIL), and assessment of hepatic steatosis by ultrasound. All measurements

were collected preoperatively, as well as half a year and a year after the surgery. A liver
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biopsy was also performed intraoperatively to assess steatosis, inflammation and

fibrosis in histopathological examination.

Results summary

The analysis of the bariatric effect showed a statistically significant decrease in BMI
from 45.6 kg/m? (42.5 - 50.2) to 31.0 kg/m? (27.5 - 34.5) one year after surgery,
p < 0.0001 and an increase in the median %TWL from 29.2% (25.2 - 32.4) 6 months
after surgery to 32.5% (28.2 - 36.9) one year after surgery, p = 0.0003. There was also
an increase in %EWL (53.5% (46.3 - 62.4) vs. 61.8% (52.4 - 72.3), p = 0.0013)
and %EBMIL (61.8% (53.6 - 74.4) vs. 71.0% (61.3 - 86.9) , p = 0.0036), respectively
6 and 12 months after surgery, which indicates a beneficial bariatric effect. Preoperative
abdominal ultrasonography revealed features of first degree liver steatosis in 6 patients
(11%), grade Il in 33 patients (60%), and grade Il in 16 patients (29%). One year after
the surgery, only 38% of patients presented the features of liver steatosis in abdominal
ultrasound - grade I - 19 patients (35%), gradee Il - 2 participants of the study (4%).
The analysis of the NAFLD Fibrosis Score showed a reduction in the risk of developing
advanced liver fibrosis in the one-year follow-up, which was correlated with

postoperative weight loss.
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Oéwiadezam, iz méj udzial w przygotowaniu publikacji:

Non-Alcoholic Fatty Liver Disease (NAFLD) and Bariatric/Metabolic Surgery as Iis

Treatment Option: A Review” autoréw Paulina Gluszynska, Dorota Lemancewicz, Janusz
_Bogdan Duzieciot, Hady Hady Razak opublikowanej w Journal of Clinical Medicine,

wchodzacej w sktad rozprawy doktorskiej ,, Ocena wplywu laparoskopowej rekawowej resekcji

zolgdka na nicalkoholowq stluszczeniowq chorobe watroby ™ wynoszacy 5% polegal na:

- opracowaniu pomyshu pracy pogladowej,

- ocenie merytorycznej pracy,

- krytycznej recenzji manuskryptu.

Jednoczeénie wyrazam zgode na wykorzystanie przez lek. Pauling Gluszynska

publikacji w postepowaniu o nadanie stopnia doktora w dziedzinie nauk medycznych i nauk o

prof. dr,  rmed,
H(Idy l!d))
specjalist i opdlne;
gélne
200}Aaq :

zdrowiu w dyscyplinie nauki medyczne.
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Biatystok, 18.06.2023

Lek. Paulina Gluszynska
I Klinika Chirurgii Ogélnej i Endokrynologicznej
Uniwersytecki Szpital Kliniczny w Biatymstoku

Uniwersytet Medyczny w Biatymstoku

OSWIADCZENIE

Oswiadczam, iz méj udzial w przygotowaniu publikacji:

»The Effect of Laparoscopic Sleeve Gastrectomy on the Course of Non-Alcoholic Fatty Liver

Disease in Morbidly Obese Patients during One Year of Follow Up” autoréw: Paulina
Gluszyniska, Aleksander Lukaszewicz, Inna Diemieszczyk, Jan Chilmonczyk, Joanna Reszed,

A Anna Citko, Lukasz Szczerbinski, Adam Kretowski oraz Hady Razak Hady opublikowanej w

Journal of Ciinical Medicine, wchodzacej w sklad rozprawy doktorskiej ., Ocena wphwu

laparoskopowej rekawowej resekcji zolgdka na niealkoholowq stluszczeniowq chorobe

wqtroby” wynoszacy 60% polegal na:

- opracowaniu pomystu badan,

- stworzeniu hipotezy badawczej,

- opracowaniu koncepcji badania,

- stworzeniu bazy danych,

. kwalifikacji pacjentow do badania,

- analizie zebranego materiahy,

- analizie statystyczne;j,

- ‘opracowaniu wynikéw oraz ich interpretacji,

- przygotowaniu manuskryptu.

PodrinQ. @“uszau%Q,
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Biatystok, 18.06.2023

Lek. Aleksander Lukaszewicz

I Klinika Chirurgii Ogoélnej i Endokrynologicznej
Uniwersytecki Szpital Kliniczny w Bialymstoku
Uniwersytet Medyczny w Bialymstoku

OSWIADCZENIE

Oswiadczam, iz méj udziat w przygotowaniu publikacji:

»The Effect of Laparoscopic Sleeve Gastrectomy on the Course of Non-Alcoholic Fatty Liver

Disease in Morbidly Obese Patients during One Year of Follow Up” autoréw: Paulina

Gluszynska, Aleksander Lukaszewicz, Inna Diemieszczyk, Jan Chilmonczyk, Joanna Reszeé,
" Anna Citko, Lukasz Szczerbinski, Adam Kretowski oraz Hady Razak Hady opublikowanej w

Journal of Clinical Medicine, wchodzacej w sktad rozprawy doktorskiej ,, Ocena wplywu

laparoskopowej rekawowej resekcji zolgdka na niealkoholowq stiuszczeniowg chorobe

waqtroby” wynoszacy 5% polegat na:

- stworzeniu bazy danych,

- analizie statystycznej,

- opracowaniu i interpretacji wynikow,

- przygotowaniu manuskryptu.

Jednoczesnie wyrazam zgodg na wykorzystanie przez lek. Pauling Gluszynska

publikacji w postgpowaniu o nadanie stopnia doktora w dziedzinie nauk medycznych i nauk

[ =

o zdrowiu w dyscyplinie nauki medyczne.
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Bialystok, 18.06.2023

Dr n. med. Inna Diemieszczyk

Oddziat Chirurgiczny

Samodzielny Publiczny Zaktad Opieki Zdrowotnej
w Lapach

OSWIADCZENIE

Oswiadczam, iz moj udziat w przygotowaniu publikacji:

»The Effect of Laparoscopic Sleeve Gastrectomy on the Course of Non-Alcoholic Fatty Liver
Disease in Morbidly Obese Patients during One Year of Follow Up” autoréw: Paulina
Gluszynska, Aleksander Fukaszewicz, Inna Diemieszczyk, Jan Chilmonczyk, Joanna Reszeé,

A Anna Citko, Lukasz Szczerbinski, Adam Kr¢towski oraz Hady Razak Hady opublikowanej w
Journal of Cl-inical Medicine, wchodzgeej w sklad rozprawy doktorskiej ,, Ocena wphwu
laparoskopowej rekawowej resekcji zolgdka na niealkoholowq stluszczeniowg chorobe
waqtroby” wynoszacy 5% polegat na:

- kwalifikacji pacjentéw do badania,

- opracowaniu wynikéw oraz ich interpretacii,

- przygotowaniu manuskryptu.

Jednoczeénie wyrazam zgod¢ na wykorzystanie przez lek. Pauling Ghiszynska
publikacji w postgpowaniu o nadanie stopnia doktora w dziedzinie nauk medycznych i nauk

o zdrowiu w dyscyplinie nauki medyczne.
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Biatystok, 18.06.2023

Lek. Jan Chilmonczyk

[ Klinika Chirurgii Ogélnej i Endokrynologicznej
Uniwersytecki Szpital Kliniczny w Biatymstoku
Uniwersytet Medyczny w Bialymstoku

OSWIADCZENIE

Oswiadczam, iz mdj udziat w przygotowaniu publikacji:

wThe Effect of Laparescopic Sleeve Gastrectomy on the Course of Non-Alcoholic F atty Liver

Disease in Morbidly Obese Patients during One Year of Follow Up” autoréw: Paulina
Gluszynska, Aleksander Lukaszewicz, Inna Diemieszczyk, Jan Chilmonczyk, Joanna Reszeg,

A Anna Citko, Lukasz Szczerbifiski, Adam Krg¢towski oraz Hady Razak Hady opublikowanej w

Journal of Cl-inical Medicine, wchodzacej w sktad rozprawy doktorskiej ,, Ocena wplywu

laparoskopowe] r¢kawowej resekcji Zolgdka na niealkoholowq stluszezeniowq chorobg

watroby” wynoszacy 5% polegat na:

- stworzeniu bazy danych,

- analizie statystycznej,

- przygotowaniu manuskryptu.

Jednoczesnie wyrazam zgode na wykorzystanic przez lek. Pauling Gtuszynska
publikacji w postgpowaniu o nadanie stopnia doktora w dziedzinie nauk medycznych i nauk

o zdrowiu w dyscyplinie nauki medyczne.
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Biatystok, 18.06.2023

Dr hab. n. med. Joanna Reszeé
Zaktad Patomorfologii Lekarskiej
Uniwersytet Medyczny w Biatymstoku

OSWIADCZENIE

Os$wiadczam, iz méj udziat w przygotowaniu publikacji:

»The Effect of Laparoscopic Sleeve Gastrectomy on the Course of Non-Alcoholic Fatty Liver

Disease in Morbidly Obese Patients during One Year of Follow Up” autoréw: Paulina

Gluszynska, Aleksander Lukaszewicz, Inna Diemieszczyk, Jan Chilmonczyk, Joanna Reszeé,
Anna Citko, Lukasz Szczerbifiski, Adam Krgtowski oraz Hady Razak Hady opublikowanej w

A Journal of Clinical Medicine, wchodzacej w sktad rozprawy doktorskiej ,, Ocena wphwu

Iaparoskopow-ej rekawowej resekcji zolgdka na niealkoholowq stluszczeniowg chorobe

wqtroby” wynoszacy 5% polegal na:

- stworzeniu bazy danych,

- analizie zebranego materiatu,

- nadzorze nad prowadzonymi badaniami.

Jednoczes$nie wyrazam zgod¢ na wykorzystanie przez lek. Pauline Gtuszynska
publikacji w postgpowaniu o nadanie stopnia doktora w dziedzinie nauk medycznych i nauk

o zdrowiu w dyscyplinie nauki medyczne.
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Biatystok, 18.06.2023

Mgr Anna Citko
Centrum Badan Klinicznych
Uniwersytet Medyczny w Bialymstoku

OSWIADCZENIE

Oswiadczam, iz mdj udziat w przygotowaniu publikacji:

»IThe Effect of Laparoscopic Sleeve Gastrectomy on the Course of Non-Alcoholic Fatty Liver

Disease in Morbidly QObese Patients during One Year of Follow Up™ autordw: Paulina

Gluszynska, Aleksander Lukaszewicz, Inna Diemieszczyk, Jan Chilmonczyk, Joanna Reszeé,
- Anna Citko, Lukasz Szczerbifiski, Adam Krgtowski oraz Hady Razak Hady opublikowanej w

Journal of Clinical Medicine, wchodzacej w skiad rozprawy doktorskiej ,, Ocena wphywu

laparoskopowej rekawowej resekcji zolgdka na niealkoholowg stluszczeniowq chorobe

watroby” wynoszacy 5% polegatl na:

- stworzeniu bazy danych,

- analizie zebranego materiahu,

- nadzorze nad prowadzonymi badaniami.
Jednocze$nie wyrazam zgode¢ na wykorzystanie przez lek. Pauling Gluszynska

publikacji w postgpowaniu o nadanie stopnia doktora w dziedzinie nauk medycznych i nauk

o zdrowiu w dyscyplinie nauki medyczne.
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Bialystok, 18.06.2023

Dr n. med. Lukasz Szczerbinski

Klinika Endokrynologii, Diabetologii i Choréb Wewngtrznych
Uniwersytecki Szpital Kliniczny

Centrum Badan Klinicznych

Uniwersytet Medyczny w Biatymstoku

OSWIADCZENIE

Oswiadczam, iz méj udziat w przygotowaniu publikacji:

»The Effect of Laparoscopic Sleeve Gastrectomy on the Course of Non-Alcoholic F. atty Liver
Disease in Morbidly Obese Patients during One Year of Follow Up” autoréw: Paulina
Gluszyniska, Aleksander Lukaszewicz, Inna Diemieszczyk, Jan Chilmonczyk, Joanna Reszeé,
Anna Citko, Lukasz Szczerbinski, Adam Krgtowski oraz Hady Razak Hady opublikowancj w
Joumnal of Clinical Medicine, wchodzacej w sklad rozprawy doktorskiej ,, Ocena wphywu
laparoskopowej rekawowej resekcji Zolgdka na niealkoholowq sthuszczeniowg chorobe
watroby” wynoszacy 5% polegat na:

- opracowaniu koncepcji badan,

- nadzorze nad prowadzonymi badaniami,

- krytycznej recenzji manuskryptu.
Jednocze$nie wyrazam zgod¢ na wykorzystanie przez lek. Pauling Gluszynska

publikacji w postgpowaniu o nadanie stopnia doktora w dziedzinie nauk medycznych i nauk

o zdrowiu w dyscyplinie nauki medyczne.
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Bialystok, 18.06.2023

Prof. dr hab. n. med Adam Kretowski

Klinika Endokrynologii, Diabetologii 1 Choréb Wewngtrznych
Uniwersytecki Szpital Kliniczny

Centrum Badan Klinicznych

Uniwersytet Medyczny w Bialymstoku

OSWIADCZENIE

Oswiadczam, iz moj udzial w przygotowaniu publikacji:

~The Effect of Laparoscopic Sleeve Gastrectomy on the Course of Non-Alcoholic Fatty Liver
Disease in Morbidly Obese Patients during One Year of Follow Up” autoréw: Paulina
' Ghuszyhiska, Aleksander Eukaszewicz, Inna Diemieszezyk, Jan Chilmonczyk, Joanna Reszed,
Anna Citko, Lukasz Szczerbifiski, Adam Krg¢towski oraz Hady Razak Hady opublikowanej w
Journal of Clinical Medicine, wchodzgcej w sklad rozprawy doktorskiej ,, Ocena wphywu
laparoskopowej rekawowej resekeji zolgdka na niealkoholowq stluszczeniowq chorobe
watroby” wynoszacy 5% polegat na:

- opracowaniu koncepcji badan,

- nadzorze nad prowadzonymi badaniami,

- krytycznej recenzji manuskryptu.

Jednocze$nie wyrazam zgod¢ na wykorzystanie przez lek. Pauling Gluszynska

publikacji w postgpowaniu o nadanie stopnia doktora w dziedzinie nauk medycznych i nauk

<5

o zdrowiu w dyscyplinie nauki medyczne.
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Biatystok, 18.06.2023

Prof. dr hab. n. med. Hady Razak Hady

I Klinika Chirurgii Ogoélnej i Endokrynologicznej
Uniwersytecki Szpital Kliniczny w Biatymstoku
Uniwersytet Medyczny w Biatymstoku

OSWIADCZENIE

Oswiadczam, iz moj udziat w przygotowaniu publikacji:

wThe Effect of Laparoscopic Sleeve Gastrectoniy on the Course of Non-Alcoholic Fatty Liver

Disease in Morbidly Obese Patients during One Year of Follow Up” autoréw: Paulina

Q}uszyﬁska, Aleksander Lukaszewicz, Inna Diemieszezyk, Jan Chilmonczyk, Joanna Reszeé,
" Anna Citko, Lukasz Szczerbinski, Adam Krgtowski oraz Hady Razak Hady opublikowanej w

Journal of Clinical Medicine, wchodzacej w sktad rozprawy doktorskiej ,, Ocena wphwu

laparoskopowej rekawowej resekcji Zofgdka na niealkoholowq stluszczeniowq chorobe

wgtroby” wynoszacy 5% polegat na:

- opracowaniu koncepcji badan,

- nadzorze nad prowadzonymi badaniami,

- krytycznej recenzji manuskryptu,

Jednoczesnic wyrazam zgode na wykorzystanie przez lek. Pauling Gluszynska
publikacji w postepowaniu o nadanie stopnia doktora w dziedzinie nauk medycznych i nauk

o zdrowiu w dyscyplinie nauki medyczne.
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