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Abkurzungsverzeichnis

PUFA Polyunsaturated Fatty Acids (Polyungesattigte Fettsauren)

FS Fettsaure

IL-6 Interleukin-6

IN Immunonutrition

CRP C-Reaktives Protein

RCT Randomised controlled trial (Randomisierte kontrollierte
Studie)

DHA Docosahexanoic acid (Docosahexaensaure)

EPA Eicosapentaenoic acid (Eicosapentaensaure)



1. Deutsche Zusammenfassung

1.1 Einleitung

Seit den 1970er Jahren haben mehrere Studien gezeigt, dass Omega-3-haltige
Ernahrung die Inzidenz von Herz-Kreislauf-Erkrankungen senken kann. Ebenfalls wurde
festgestellt, dass diese Ernahrungsweise glnstige Effekte auf bestimmte
Autoimmunerkrankungen wie Arthritis hat.(Bang und Dyerberg, 1972; Kremer, 1996;
Nestel, 2000; Wei, 2010)

Mehrfach ungesattigte Fettsauren (polyunsaturated fatty acids, PUFAs) sind
grundlegende Bestandteile von Zellmembranen und dienen als Vorlaufer von
Prostaglandinen, Thromboxanen und Leukotrienen, die verschiedene Zell- und
Gewebeantworten regulieren sowie die Fluiditdt von Membranphospholipiden
aufrechterhalten.(Calder, 2008; Chan und Cho, 2009; Chen et al., 2010)

Die antiinflammatorische Wirkung von Omega-3-Fettsauren (Omega-3-FS) entsteht durch
die Reduzierung von Arachidonsaure-Metaboliten und die Endotoxin-vermittelte
Produktion von Interleukin-6 (IL-6).(Calder, 2008; Kiecolt-Glaser et al., 2012)

Zahlreiche Studien konnten die Reduktion entzundlicher Marker durch Omega-3-FS
sowie deren protektive Eigenschaften auf Entzindungen dokumentieren.(Natto et al.,
2019; Shahidi und Ambigaipalan, 2018) Auch bei koronarer Herzkrankheit und Diabetes
mellitus zeigten Omega-3-FS ihr Potenzial zur Hemmung der chronischen
Entzindung.(Moosavian et al., 2020; Natto et al., 2019)

Die Gabe von Omega-3-FS war aullerdem mit einer statistisch signifikanten Reduktion
der IL-6-Serumkonzentration um bis zu 12 % assoziiert, was Entzundungen bei
Erwachsenen mit einem durchschnittlichen BMI von 30,59 (Standardabweichung = 4,50)
und einem Durchschnittsalter von 51,04 Jahren (Standardabweichung = 7,76) sowie

Bewegungsmangel reduzierte.(Kiecolt-Glaser et al., 2012)

Die Ergebnisse der erwahnten Studien unterstreichen die vielversprechende Rolle von
Omega-3-FS bei der Reduzierung von Entzindungen und der Ruckbildung chronisch

entzundlicher Erkrankungen.



Auch bei chirurgischem Gewebetrauma werden Zytokinkaskaden aktiviert, die zum
Heilungsprozess beitragen. Allerdings kann eine UbermaRige Freisetzung von Zytokinen
systemische Effekte hervorrufen und das Risiko fur postoperative Komplikationen sowie
die Sterblichkeit erhdhen.(Ni Choileain, 2006; Sido et al., 2004)

Obwohl zahlreiche Faktoren, wie perioperative Antibiotika, aseptische Techniken und
chirurgische Fahigkeiten das Behandlungsergebnis beeinflussen, konnte Immunonutrition
(IN) eine gute Moglichkeit sein, die Infektionsrate bei Patient:innen, die sich einer
viszeralchirurgische Operation unterzogen haben, zu senken. Verschiedene Studien
haben gezeigt, dass postoperative Entzindungsmarker wie IL-6 und C-reaktives Protein
(CRP) als prognostische Marker fur postoperative Komplikationen und Mortalitat dienen
konnen.(Rettig et al., 2016; Santonocito et al., 2014; Szczepanik et al., 2011; Watt et al.,
2015)

Fragestellung:

Es wird vermutet, dass Omega-3-FS-haltige-Ernahrung ebenfalls die postoperative
Entzindungsreaktion hemmen konnte, was potenziell zu einem besseren Outcome
fuhren wirde.

Um einen umfassenden Uberblick tiber die entziindungshemmende Wirkung von Omega-
3-FS auf die postoperative Entzundungsreaktion zu gewinnen, fuhrten wir eine
systematische Uberpriifung und Metaanalyse randomisierter kontrollierter Studien (RCT,
engl. Randomised controlled trials) von Januar 1995 bis Dezember 2022 bei Patient:innen

durch, die sich einer gro3en Bauchoperation unterzogen.

1.2 Material und Methoden

Wir fuhrten eine umfassende, systematische Literaturrecherche in der Cochrane-Library-
Databank fur alle RCTs durch, die die Auswirkungen von praoperativ eingeleiteter IN, die
Omega-3-FS enthalt, im Rahmen bauchchirurgicher Eingriffe untersuchten. Diese erfolgte
gemald der Preferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA).

Wir haben die ,Medical Subject Headings® und ,Emtree-Terminologie® zur Auswahl der

Studien verwendet. Die folgenden Suchbegriffe wurden verwendet: Bauchoperation



(abdominal surgery), perioperative Versorgung (perioperative care), operativer Eingriff
(surgical procedure), postoperative Komplikationen (postoperative complications),
postoperative Versorgung (postoperative care), Fettsauren (fatty acids), Omega-3,
Eicosapentaensaure (EPA, eicosapentaenoic acid), Fischole (fish oil), ungesattigte
Fettsauren (unsaturated fatty acids), Docosahexaensaure (DHA, docosahexaenoic
acids). Die Literaturrecherche wurde auf Artikel beschrankt, die zwischen Januar 1995
und Dezember 2022 veroffentlicht wurden.

Einschluss- und Ausschlusskriterien:

RCTs, die in die Metaanalyse einbezogen wurden, mussten Artikel in englischer Sprache
sein und Erwachsene Uuber 18 Jahre untersuchen. Sie mussten Patient:innen
einbeziehen, die fur eine elektive Bauchoperation vorgesehen waren und die praoperative
oder pra- und postoperative Omega-3-IN untersuchten. Zudem war die Verfugbarkeit des
Volltexts erforderlich. Studien wurden ausgeschlossen, wenn die IN nur postoperativ
verabreicht wurde, es sich um Transplantationschirurgie handelte oder keine Daten zu IL-

6, CRP oder Leukozyten veroffentlicht wurden.

Intervention und Kontrolle:

Die Interventionsgruppe erhielt eine Ernahrung, die mit Omega-3-FS angereichert war,
wahrend die Kontrollgruppe entweder eine konventionelle Therapie ohne
Nahrungserganzung oder eine andere Form der Nahrungserganzung ohne IN oder
Omega-3-FS erhielt.

Endpunkte:

Der primare Endpunkt dieser Metaanalyse war die Bewertung der postoperativen
inflammatorischen Reaktion, definiert als IL-6-, CRP- oder Leukozyten-Konzentration bis
zum zweiten postoperativen Tag. Der sekundare Endpunkt war die Beurteilung der
Krankenhausaufenthaltsdauer.

Datenextraktion:
Die extrahierten Daten enthielten Titel, Erstautor, Stichprobengrol3e, Alter, Geschlecht, Art
der Intervention, Art der Kontrolle, Zeitpunkt der Einleitung der IN, Dauer der IN, IL6-/CRP-
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/Leukozyten-Werte. Autoren von Studien, die die Durchschnittswerte der untersuchten
Laborparameter nicht enthielten, wurden kontaktiert und um entsprechende Informationen
gebeten. Im Falle einer Nichtantwort auf unsere Anfrage wurden Daten aus
veroffentlichten Grafiken mit Hilfe von WebPlotDigitizer V 4.5 (Ankit Rohatgi:
https://automeris.io/\WebPlotDigitizer) extrahiert.

Statistische Analyse:

Wir fihrten eine Metaanalyse fur postoperative inflammatorische Reaktionen, definiert als
IL-6-, CRP- und Leukozytenkonzentration durch und bewerteten ebenfalls die Dauer des
Krankenhausaufenthaltes als sekundaren Endpunkt. Entzindungsmarker und
Krankenhausaufenthaltsdauer wurden mit Random-Effekt-Modellen analysiert, wobei die
standardisierte-Mittelwert-Differenz als EffektgroRe bewertet wurde. Ein Random-Effekt-
Modell wurde gewahlt, um die Heterogenitat der Krankheit und des chirurgischen
Verfahrens der eingeschlossenen bauchchirurgischen Studien sowie die Dosierung zu
berucksichtigen. Alle Analysen wurden mit R Version 4.0.4 (2021-02-15) durchgefuhrt
unter Verwendung des Meta-Pakets (Version 5.2-0) zur Durchfuhrung der Metaanalyse
und zur Erstellung der Forest-Plots der Random-Effects-Meta-Analyse, die den
geschatzten Behandlungseffekt und das Konfidenzintervall jeder einzelnen Studie sowie
die Gesamteffektschatzung aller Studien zeigen. Wir betrachteten einen p-Wert < 0,05 als

statistisch signifikant und einen p-Wert = 0,05 und < 0,1 als statistischen Trend.


https://automeris.io/WebPlotDigitizer
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1.3 Ergebnisse

Von initial 296 Artikeln, die sich durch die Suchkriterien ergaben, konnten wir 13 Studien
mit insgesamt n = 1050 in die Analyse einbeziehen. Tabelle 1

Wir haben die Parameter IL-6, CRP und Leukozyten analysiert, da sie die am haufigsten
untersuchten inflammatorischen Marker in den eingeschlossenen Studien waren.

Es zeigte sich eine starke Variation im Zeitpunkt des Beginns der Intervention. Dieser
variierte von 10 Tagen vor dem geplanten Eingriff bis zu einem Tag vor der Operation.
Ebenso war eine Variation beim Ende der Intervention festzustellen, die frGhestens am
Tag der Operation und spatestens am 21. postoperativen Tag stattfand.

Eine Ubersicht Uber die in der Analyse eingeschlossenen Studien ist in Tabelle 1
aufgefuhrt.

Die Altersspanne der Patient:innen in der Kontroll- bzw. Interventionsgruppe reichte von
46,4 bis 69,0 Jahren bzw. von 45,5 bis 67,5 Jahren. Die verwendete Dosierung von
Omega-3-FS reichte von 2 g/Tag bis 6,9 g/Tag. Die Verabreichung von Omega-3-FS
erfolgte in elf Studien enteral und in zwei Studien intravenos. In keiner der Studien erhielt

die Kontrollgruppe eine IN.

Daten Uber IL-6 wurden aus zehn Studien extrahiert, CRP-Werte aus sieben und
Leukozyten-Werte aus drei Publikationen.
Die Daten Uber die Krankenhausaufenthaltsdauer konnten aus funf Studien extrahiert

werden, die in diese Analyse einbezogen wurden.

Omega-3-FS-Dosierung:

Es wurden bei doppelter Gabe von EPA und DHA die Dosierungen summiert.

In der Studie von Uno et al. wurde das Produkt "Oral Impact" von Nestlé (Kobe, Japan)
verwendet.(Uno et al., 2016) Laut Datenblatt enthalt dieses Produkt 0,64 g Omega-3-FS
pro 125 ml Nahrung, was einer Gesamtmenge von 5,8 g entspricht. In den Studien von
Nakamura et al., Mikagi et al. und Aida et al. wurde das Produkt "Impact" (Ajinomoto
Pharma, Japan) verwendet, das 0,4 g Omega-3-FS pro 100 ml enthalt. Dies ergibt eine
Gesamtmenge von 4 g in den Studien von Nakamura et al. und Aida et al., sowie 3 g in
der Studie von Mikagi et al.(Aida et al., 2014a; Mikagi et al., 2011; Nakamura et al., 2005)
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Die Studie von Sultan et al. berichtete, dass 100 ml Nahrung 0,73 g Omega-3-FS
enthalten, was einer Gesamtmenge von 4,92 g pro Patient entspricht.(Sultan et al., 2012)
Ruiz-Tovar et al. erwahnten, dass 100 ml der Nahrung 0,71 g Omega-3-FS enthalten. Bei
einer taglichen Aufnahme von 600 ml ergibt sich eine Menge von 4,26 g.(Ruiz-Tovar et
al., 2019) Weiss et al. verwendeten das Produkt “Omegaven-Fresenius”, was zwischen
269 und 591 g Omega-3-FS enthalt.(Weiss et al, 2002) Hier wurde ein
Durchschnittswert von 4,2 g angenommen. Ma et al. berichteten, dass jeder Patient 4-7,5
ml (Lipoplus 20%) pro kg Korpergewicht erhielt, was bei einem durchschnittlichen Gewicht
von 59,8 kg einer Durchschnittsmenge von 6,9 g entspricht.(Ma et al., 2015) In den
Studien von Healy et al., Braga et al., Ashida et al., Ryan et al. und Helminen et al. wurde
die exakte tagliche Menge an Omega-3-FS angegeben.(Ashida et al., 2019; Braga et al.,
2002; Healy et al., 2017; Helminen et al., 2007; Ryan et al., 2009)

Interleukin 6

Daten uber IL-6 wurden aus 10 Studien (n = 715) extrahiert.(Aida et al., 2014b; Ashida et
al., 2019; Braga et al., 2002; Healy et al., 2017; Ma et al., 2015; Mikagi et al., 2011;
Nakamura et al., 2005; Ryan et al., 2009; Uno et al., 2016; Weiss et al., 2002) Es wurden
alle Werte auf die Einheit pg/ml umgerechnet. Die ersten postoperativen IL-6-Werte
wurden in jeder Studie zwischen den Gruppen verglichen. In den folgenden Studien
wurden die Werte am Operationstag gemessen: (Aida et al., 2014b; Ma et al., 2015;
Mikagi et al., 2011; Nakamura et al., 2005; Uno et al., 2016; Weiss et al., 2002). In den
folgenden Studien hingegen wurden die Werte am ersten postoperativen Tag erhoben:
(Ashida et al., 2019; Braga et al., 2002; Healy et al., 2017; Ryan et al., 2009).

Ein statistisch signifikanter Unterschied in den IL-6-Werten zwischen den Gruppen wurde
nicht festgestellt (Standarisierte Mittelwertdifferenz SMD: -0,55 [-1,22; 0,12], p= 0,10.)
Abbildung 1 A

C-reaktives Protein:

CRP-Daten wurden aus 7 Studien extrahiert und analysiert (n = 631).(Healy et al., 2017;
Ma et al., 2015; Nakamura et al., 2005; Ruiz-Tovar et al., 2019; Ryan et al., 2009; Sultan
et al., 2012; Uno et al.,, 2016) Die CRP-Werte von den Studien wurden auf mg/dl
vereinheitlicht. Die ersten postoperativen CRP-Werte wurden in jeder Studie zwischen
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den Gruppen verglichen. Diese wurden in allen eingeschlossenen Studien am ersten
postoperativen Tag untersucht. In der Studie von Ma et al. wurden zwar zusatzlich die
CRP-Werte am Operationstag gemessen, diese wurden zur Minimierung der
Heterogenitat in den Untersuchungszeitpunkten jedoch in unserer Analyse nicht
berucksichtigt.

Es wurde kein statistisch signifikanter Unterschied in den CRP-Werten zwischen den
Gruppen beobachtet SMD: -0,14 [-0,67; 0,40] p= 0,55. Abbildung 1 B

Die CRP-Daten von Helminen et al. waren nur in Medianwerten verfugbar und wurden
daher nicht in die Analyse aufgenommen.(Helminen et al., 2007) Ebenfalls wurden die
CRP-Daten von Weiss et al. nicht eingeschlossen, da diese erst am dritten postoperativen

Tag erhoben wurden.

Leukozyten:

Nur 3 Studien (n = 257) berichteten Uber Leukozytenzahlen und wurden in die
entsprechende Analyse einbezogen.(Healy et al., 2017; Mikagi et al., 2011; Ruiz-Tovar et
al., 2019) Es wurden alle Werte auf die Einheit Leukozyten/ml umgerechnet. Die erste
postoperative Leukozytenzahl wurde einbezogen und zwischen den Gruppen verglichen.
Dieser Wert wurde in den eingeschlossenen Studien am ersten postoperativen Tag
untersucht.

Ahnlich wie bei IL-6 und CRP erreichte der Unterschied in Leukozytenzahl zwischen der
Intervention und Kontrollgruppe keine statistische Signifikanz. SMD: -0,58 [-3,05; 1,89] p=
0,42. Abbildung 1 C

Die Leukozyten-Daten von Ma et al. wurden nicht eingeschlossen, da diese erst am

siebten postoperativen Tag erhoben wurden.

Aufenthaltsdauer im Krankenhaus:

Die Aufenthaltsdauer im Krankenhaus wurde anhand von Daten aus 5 Studien (n = 389)
analysiert. (Braga et al., 2002; Helminen et al., 2007; Nakamura et al., 2005; Uno et al.,
2016; Weiss et al., 2002) Wie Abbildung 1 D zeigt, besteht ein nicht signifikanter
Unterschied zwischen den Gruppen SMD: -0,51 [-1,43; 0,41] p = 0,20.
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Abb. 1: Die Effekte von Omega-3-FS auf die postoperative inflammatorische Reaktion,
definiert durch die inflammatorischen Marker IL-6, CRP und Leukozytenzahl. A: IL-6, B:
CRP, C: Leukozyten, D: Aufenthaltsdauer.(Mohsen et al., 2023)
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Figure 1. Effects of omega-3 Fatty acids on post operative inflammatory response: A: IL-6, B: CRP, C: WBC, D: Length of Hospital
Stay (LOS)
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1.4 Diskussion

Als Folge von Bauchoperationen treten oft Ischamie-/Reperfusionsschaden und Effekte
des chirurgischen Traumas (z. B. reaktive Inflammation) auf. Dies fuhrt zur Freisetzung
proinflammatorischer Zytokinen wie Interleukin-1 und Tumornekrosefaktor-alpha (TNF-a),
was die Aktivierung weiterer Zytokine und Akutphase-Proteine bewirkt und eine
systemische Entzundungsreaktion auslosen kann.(Ni Choileain, 2006) (Desborough,
2000; Ni Choileain, 2006) Verschiedene experimentelle und klinische Studien weisen
darauf hin, dass entzundungshemmende Eigenschaften von Omega-3-FS beim
praventiven Einsatz von Omega-3-Supplementen gegen Entzindungsreaktionen dienen
konnten.(Ali et al., 2015; Habicht et al., 2020; Yan et al., 2013) So hat eine Untersuchung
von Yan et al. gezeigt, dass DHA die Aktivitat von Caspase-1 und Interleukin-1 (IL-18) in
mit Lipopolysacchariden vorbehandelten Knochenmark-Makrophagen verringert und
daruber hinaus die Freisetzung anderer Zytokinen hemmte.(Yan et al., 2013)

Ziel unserer Metaanalyse war es, den Einfluss einer praoperativ eingeleiteten
Verabreichung von Omega-3-FS auf die postoperative Entzindungsreaktion zu ermitteln.
Eingeschlossen wurden 13 Studien mit insgesamt 1050 Patient:iinnen. Die
Kontrollgruppen erhielten die Standardtherapie ohne Nahrungserganzung oder
Nahrungserganzungsmittel ohne Omega-3-FS oder IN.

FUr unsere Literaturrecherche haben wir nur die Cochrane Library untersucht, da sie die
grofdte und umfassendste Sammlung wissenschaftlicher Studien darstellt.

Die vorliegenden Ergebnisse zeigten eine nicht signifikante Reduktion der drei
Entzindungsmarker CRP, IL-6 und Leukozyten nach der praoperativ begonnenen
Supplementation von Omega-3-FS.

Mehrere Metaanalysen konnten belegen, dass Omega-3-FS, wenn sie im perioperativen
Zeitraum verabreicht werden, die Aufenthaltsdauer auf der Intensivstation sowie die
Dauer des Krankenhausaufenthalts statistisch signifikant verringern und das Risiko von
postoperativen Infektionen reduzieren.(Bae et al., 2017; Chen et al., 2010; Gao et al.,
2020; Langlois et al., 2017; Li et al., 2014) Eine Metaanalyse von Wei et al., die sechs
Studien umfasste, berichtete von einer statistisch signifikanten Verringerung der
Infektionsrate und der Krankenhausaufenthaltsdauer nach postoperativer Verabreichung
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von Emulsionen, die Fischdl enthielten. (Wei, 2010) Ein Vergleich zwischen Sojadl-
Emulsionen und Omega-3-FS im operativen Setting zeigte in einer Metaanalyse einen
Vorteil von Omega-3 bezlglich der Infektionsmorbiditat und der
Krankenhausaufenthaltsdauer.(Bae et al., 2017) Eine karzlich veroffentlichte Metaanalyse
von Lu et al. ergab zudem, dass die perioperative Verabreichung von Omega-3-FS bei
Patient:innen, die sich einer gastrointestinalen Krebsoperation unterzogen, die
Entzindungsreaktion und die Krankenhausaufenthaltsdauer statistisch signifikant
verringerte. Diese Metaanalyse umfasste 10 Studien mit insgesamt 663 Patient:innen und
zeigte keinen statistisch signifikanten Unterschied zwischen praoperativ oder postoperativ
verabreichten Omega-3-FS.(Lu et al., 2022)

Der optimale Zeitpunkt fur die Verabreichung von IN im chirurgischen Kontext bleibt eine
wichtige Frage. Einige Studien deuten darauf hin, dass durch entsprechende praoperative
Ernahrung eine ausreichende Serumkonzentration von Omega-3-FS erreicht werden
konnte, um die operative Stressreaktion zu reduzieren. Eine frihzeitige postoperative
Ernahrung ist dagegen entscheidend fur die schnelle Wiederherstellung der Darmfunktion
und das psychische Wohlbefinden.(Finco et al., 2007; Gianotti et al., 2002; Xie und Chang,
2016)

Ein ,Umbrella Review" von Slim et al. zeigte das signifikante Potenzial der IN zur
Reduzierung postoperativer Komplikationen, insbesondere infektidser Komplikationen,
um fast 50%, unabhangig vom Zeitpunkt der Einnahme.(Slim et al., 2022). Wegen der
niedrigen Qualitat der vorhandenen Daten, gelang es jedoch nicht, Uberzeugende Belege
fur den optimalen Zeitpunkt der Anwendung der IN zu demonstrieren. Die Autoren des
Reviews deuteten darauf hin, dass der Zeitpunkt der IN ein wichtiger Aspekt der Therapie
sei; und dass IN unabhangig vom Zeitpunkt wirksam sei, jedoch mit einer geringeren
Effektgrofe bei alleiniger postoperativer IN. Eine Network-Metaanalyse bei Song et al.
zeigte ebenfalls, dass perioperative enterale IN moglicherweise effektiver ist als
ausschlieRlich praoperative oder postoperative Ernahrung allein zur Verhinderung
postoperativer infektioser Komplikationen. Die Analyse ergab aulierdem, dass der
Zeitpunkt der Ernahrungserganzung unterschiedliche Auswirkungen auf verschiedene
Outcome-Kriterien haben konnte.(Song et al., 2015)

Mit Blick auf das Potenzial der Anwendung von Omega-3-FS muissen auch die
diskutierten Risiken ihrer Nutzung beleuchtet werden. Es wird angenommen, dass EPA
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und DHA mit Arachidonsaure in der Thrombozytenmembran konkurrieren konnten, was
zu einer reduzierten Bildung von prothrombotischen Arachidonsauremetaboliten fihren
konnte. Dies begunstige eine erhohte Produktion von antithrombotischen EPA-
Metaboliten, die die Thrombozytenaggregation mindern konnten.(Akintoye et al., 2019;
Calder, 2012) In einer Subanalyse der OPERA-Studie, einer multizentrischen,
placebokontrollierten, randomisierten Untersuchung, die die Auswirkungen von Fischol
auf das Auftreten von Vorhofflimmern nach herzchirurgischen Eingriffen bewertete, wurde
diese Fragestellung untersucht.(Ryan, 2013) In dieser Analyse wurde keine Zunahme von
Blutungen im perioperativen Verlauf nach der Supplementation von Fischdl festgestellt;
im Gegenteil, es wurde eine signifikante Verringerung der Anzahl der Bluttransfusionen
gezeigt. Daruber hinaus wurde eine Korrelation zwischen hoheren Plasmaspiegeln von
Omega-3-FS und einem reduzierten Blutungsrisiko festgestellt.(Akintoye et al., 2019)
Nach unseren Informationen wurden keine grof3en randomisierten Studien durchgefuhrt,
die ein erhdhtes Blutungsrisiko nach dem Einnahme von Omega-3-FS belegen.

Limitationen:

Unsere Analyse weist mehrere Limitationen auf. Es gibt Unterschiede bei der Krankheits-
und Operationsheterogenitat zwischen den einbezogenen Studien. Darlber hinaus
konnten die stark variierten Dosierungensschemata, die fehlende Anpassung der
Dosierung an das Korpergewicht, der unterschiedliche Startzeitpunkt der Behandlung
und die Bioverfugbarkeitsunterschiede zwischen enteraler und intravendser Gabe zu
unterschiedlichen Omega-3-Blutkonzentrationen zur Operationszeit gefuhrt haben, was
die Ergebnisse beeinflusst haben konnte. Die Art der enteralen Gabe ist ebenfalls ein
Heterogenitatsfaktor, da die Nahrung in einigen Studien mittels Magensonde und in
anderen oral zugefuhrt wurde. Auch die unterschiedliche Dauer der Omega-3-Behandlung
muss als Quelle der Heterogeniitat betrachtet werden, die unsere Ergebnisse beeinflusst
haben konnten.

Die Kombination mit anderen Immunnahrstoffen wie Arginin konnte in unserer
Untersuchung nicht separat analysiert werden, aufgrund der wenigen Anzahl der Studien.
Diese zusatzliche Nahrstoffe konnten die Ergebnisse ebenfalls beeinflusst haben.
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Unterschiedliche Krankheiten und Operationen konnen unterschiedliche
Entzindungsreaktionen auslosen, die moglicherweise passende Omega-3-FS-
Dosierungen zum optimalen Effekt auf die Immunreaktionen bendtigen.

Ein weiterer wichtiger Aspekt, der bei der Interpretation der Ergebnisse dieser
Metaanalyse berucksichtigt werden muss, sind die unterschiedlichen Zeitpunkte der
Messungen von Inflammationsmarkern in den einbezogenen Studien. Beispielsweise
beziehen sich die Werte in den Studien von Uno et al. und Mikagi et al. auf postoperative
Werte vom Operationstag seibst, wahrend in Studien wie denen von Healy et al. oder
Ryan et al. die ersten postoperativen Werte erst am ersten postoperativen Tag erhoben
wurden.(Healy et al., 2017; Mikagi et al., 2011; Ryan, 2013; Uno et al., 2016) Diese
Unterschiede in den Messzeitpunkten konnten ebenfalls zu erheblichem Unterschied in
den berichteten Werten gefuhrt haben. Daruber hinaus fallt auf, dass auch die
praoperativen Werte der untersuchten Parameter zwischen den Studien stark variierten.
Die Ursache dieser Variation ist unklar, konnte aber auf verschiedene Messverfahren,
unterschiedliche Herkunft der Teilnehmer (Asiaten vs. Kaukasier), auf die Dosierungen
und Wirkspiegel der Omega-3-FS oder auf die verschiedenen Krankheitsbilder
zuruckzufuhren sein. Diese Faktoren stellen eine Herausforderung dar und beeinflussen
die Vergleichbarkeit und Generalisierbarkeit unserer Ergebnisse. Zukunftige Studien
sollten standardisierte Messmethoden und homogene Teilnehmergruppen wahlen, um

diese Variabilitat zu minimieren.

Zudem stieRen wir auf mehrere Studien, die unvollstandige Daten vorlegten und obwohl
wir versuchten, Originalforschungsdaten von Autoren zu erhalten, blieben diese
Informationen nicht verfugbar. Das Fehlen verfugbarer Rohdaten aus den Studien ist ein
grolRes Problem, das von Autoren und Zeitschriften bei der Veroffentlichung zukunftiger
Studien berucksichtigt werden sollte. Um dieses Problem in unserer Studie anzugehen,
haben wir die WebPlotDigitizer-Anwendung verwendet, um die bendtigten Daten zu
extrahieren. Obwohl dieser Ansatz in fruheren Studien erfolgreich eingesetzt wurde, muss
bedacht werden, dass die Genauigkeit der erhaltenen Daten geringer sein konnte als die
des Originalmaterials.(Author: Ankit Rohatgi WebPIlotDigitizer)
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1.5 Zusammenfassung

In mehreren Studien wurde gezeigt, dass Omega-3-Fettsauren das Potenzial haben, die
Immunreaktion des Korpers bei entzandlichen Erkrankungen zu hemmen.
Untersuchungen operativen Setting deuteten darauf hin, dass Patienten dadurch
moglicherweise weniger postoperative Komplikationen erleben.

Ziel dieser Metaanalyse war es, die Effekte einer praoperativ begonnenen
Supplementierung von Omega-3-FS auf die postoperativen inflammatorischen Marker zu
untersuchen. Es konnten 13 Studien mit insgesamt 1050 Patient:innen in die Analyse
eingeschlossen werden.

Die Ergebnisse zeigten keine statistisch signifikanten Unterschiede bei den
postoperativen Entzindungsmarkern IL-6, CRP und Leukozyten sowie bei der
Krankenhausaufenthaltsdauer zwischen den Patient:innen, die Omega-3-FS erhielten
und den Kontrollgruppen.

AbschlieRend ergibt sich die Erkenntnis, dass aufgrund der gegenwartig noch
unzureichenden und inhomogenen Datenlage weitere Untersuchungen und randomisierte
kontrollierte Studien notwendig sind, um die Kausalitat zwischen einer Supplementierung
von Omega-3-FS und potenziellen positiven Effekten auf die postoperative

Entzindungsreaktion sicher zu beurteilen.
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Abstract: Initial evidence indicates that preoperatively initiated administration of omega-3 fatty acids
(FAs) attenuates the postoperative inflammatory reaction. The effects of immunonutrition containing
omega-3 FAs, such as eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA), on the inflam-
matory response to abdominal surgery continues to be unclear, although improved outcomes have
been reported. Therefore, we determined the effectiveness of preoperatively initiated omega-3 FAs
administration on postoperative inflammation defined as CRP (C-Reactive Protein), IL-6 (Interleukin
6), and WBC (White Blood Count) and potential effects on postoperative length of hospital stay (LOS)
due to an improved inflammatory response. Methods: a literature search of Cochrane Library was
conducted to identify all randomized controlled trials (RCTs) investigating the effects of preopera-
tively initiated omega-3 to standard care, placebo, or other immunonutrients excluding omega-3 FAs
in patients undergoing abdominal surgery until the end of December 2022. Results: a total of 296
articles were found during the initial search. Thirteen RCTs involving 950 patients were identified
that met the search criteria. These were successively analyzed and included in this meta-analysis.
There was no significant difference between the groups with respect to inflammatory markers IL-6:
—0.55 [-1.22; 0.12] p = 0.10, CRP: —0.14 [-0.67; 0.40] p = 0.55, WBC: —0.58 [-3.05; 1.89] p = 0.42,
or hospital stay —0.5 [-1.43; 0.41] p = 0.2. Conclusion: although reduced inflammatory markers
were observed, preoperative administration of omega-3 FAs immunonutrients had no significant
effect on the postoperative inflammatory response in patients undergoing abdominal surgeries. Yet,
results obtained from this study are inconclusive, likely attributed to the limited number of trials and
patients included. Further studies are required to obtain a better educated verdict.

Keywords: perioperative nutrition; preoperative nutrition; omega-3; fish oil; fatty acids; abdominal
surgery

1. Introduction

Surgical trauma elicits a cascade of events resulting in an immune response with
activation of the cytokine cascade in the postoperative period. Cytokines play a crucial
role in orchestrating the inflammatory response at the site of injury, thereby facilitating the
process of wound healing. However, an overabundant production of cytokines can have
systemic ramifications leading to postsurgical complications and mortality [1].

Major abdominal surgeries precipitate a systemic inflammatory response, potentially
resulting in a risk of serious complications, including organ damage and failure [2].
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Several studies were able to show that postoperative inflammatory markers have a
prognostic power for postoperative complications and mortality [3-5]. Szczepanik and
colleagues examined IL-6 serum levels in the post operative period and found that a higher
level on the first postoperative day was an independent prognostic factor for postoperative
complications [3].

Satonocito et al. evaluated C-Reactive Protein (CRP) levels and kinetics after major
surgery (cardiac, neuro, vascular, thoracic, or abdominal) during the postoperative course
in about 150 patients and concluded that the patients, who experienced postoperative
complications, exhibited higher CRP levels at baseline [6].

It is conceivable to speculate that the reduction of these postoperative inflammatory
markers through anti-inflammatory mechanisms could yield favorable outcomes.

Polyunsaturated fatty acids (PUFAs) are critical components of cell membranes as well
as precursors of prostaglandins, thromboxanes, and leukotrienes (LTs), playing a crucial
role in maintaining fluidity of membrane phospholipids and regulating myriad of cell and
tissue responses [7-9].

PUFAs are divided into three major groups: omega-3 PUFAs, omega-6 PUFAs, and
omega-9 PUFAs. The omega-3 PUFAs mainly include «-linolenic acid (ALA), eicosapen-
taenoic acid (EPA), and docosahexaenoic acid (DHA), and have been recognized as im-
portant components of immune-modulating nutrients [10]. For the last couple of decades,
omega-3 FAs have been of interest in the context of inflammatory conditions, and recent
meta-analyses have proved their potential ability to reduce chronic inflammation in diseases
such as coronary artery disease and diabetes [11,12].

Several studies in rodents and humans [13-15] have shown that omega-3 FAs have an
anti-inflammatory effect owing to their ability to inhibit the endotoxin-induced production
of interleukin-6 (IL-6) by venous endothelial cells. A 2012 study conducted by Kiecolt-
Glaser et al. established that the administration of omega-3 fatty acid supplementation was
associated with a significant reduction in serum IL-6 levels by as much as 12%, thereby
mitigating inflammation in overweight, sedentary, middle-aged adults [16]. Furthermore,
a systematic review and meta-analysis by Natto and colleagues from 2019 established that
omega-3 fatty acid supplementation was associated with lower levels of inflammatory
markers in individuals with diabetes and cardiovascular diseases [12]. A more recent
study conducted by our group demonstrated that the administration of docosahexaenoic
acid (DHA) resulted in the attenuation of the inflammatory response after an induced
myocardial infarction in a closed-chest model leading to a reduction in infarction size
in mice [17].

Studies have demonstrated that EPA and DHA can suppress the production of
eicosanoids derived from arachidonic acid (AA), which are important mediators and
regulators of inflammation [18,19]. EPA appears to significantly curb inflammatory re-
actions, effectively competing with AA. The EPA/AA ratio might potentially be linked
to several mechanisms in triggering inflammation, which might lead to cancer develop-
ment and chronic inflammatory conditions including atherosclerosis and cardiovascular
disease [20-22].

Given the demonstrated anti-inflammatory effects of omega-3 fatty acids, particularly
their ability to decrease inflammatory markers as described in earlier studies, it becomes
highly pertinent to investigate their potential benefits within a surgical context, more
specifically in abdominal surgeries.

The primary mechanism through which DHA and EPA present their anti-inflammatory
effects is by lowering the production of eicosanoids derived from arachidonic acid (AA).
They accomplish this by competing with AA for integration into cell membrane phospho-
lipids, a phenomenon which, in turn, reduces the quantity of AA within these membranes.
This reduction is partly attributable to the inhibition of COX-2 (cyclooxygenase-2) and
5-LOX (5-Lipoxygenase) enzymes that act on AA by competing with AA in its metabolism
through COX and LOX enzymes [23,24]. DHA and EPA are also associated with a reduced
activation of the proinflammatory transcription factor NF-«B (nuclear factor k-light-chain-
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enhancer of activated B cells) in response to inflammatory triggers. This happens due to
the prevention of phosphorylation I-kB, the inhibitory subunit of NF-Kb [24,25].

Furthermore, EPA and DHA lead to the production of Resolvin E and D, respectively,
through the COX and LOX pathways. Resolvins have anti-inflammatory and inflammation-
resolving properties. They inhibit the transendothelial migration of neutrophils, thus
precluding their infiltration into areas of inflammation and inhibiting interleukin-1§3 (IL-1)
production [23,26].

However, the anti-inflammatory effects of omega-3 FAs after major abdominal surgery
have yet to be conclusively elucidated. Therefore, we conducted a systematic review and
meta-analysis of randomized controlled trials published until December 2022 in patients
undergoing major abdominal surgery to provide a robust overview of the anti-inflammatory
qualities of omega-3 PUFAs on postoperative inflammation.

2. Materials and Methods

In accordance with the PRISMA (Preferred Reporting Items for Systematic Reviews
and Meta-Analyses) guidelines, we performed a comprehensive, systematic literature
search of the Cochrane Library database for all RCTs examining the effects of perioperative-
initiated immunonutrition administration containing omega-3 FAs.

2.1. Search Strategy

We searched the Cochrane Database for all RCTs examining the effect of perioperative
immunonutrition in patients undergoing major abdominal surgery, using Medical Subject
Headings and Emtree terminology to select the studies.

The following search terms were used: abdominal surgery, perioperative care, sur-
gical procedures, operative, postoperative complications, postoperative care, fatty acids,
omega-3, eicosapentaenoic acid, fish oils, fatty acids, unsaturated, docosahexaenoic acids.
The literature search was limited to articles published between January 1995 and December 2022.

2.2. Inclusion and Exclusion Criteria

RCTs that met the following criteria were included in the meta-analysis: (1) articles
written in English; (2) articles that involved adults > 18 years of age; (3) articles that
included patients who were scheduled to receive an elective abdominal surgery; (4) articles
that examined pre- or pre- and postoperative omega-3-immunonutrition; (5) articles with
full text availability.

Exclusion criteria were as follows: (1) immunonutrition given only postoperatively;
(2) transplantation surgery; (3) studies that did not publish IL6/CRP/WBC data in any
shape or form.

2.3. Intervention and Control

The intervention group was administered nutrition enriched with omega-3 fatty
acids, while the control group was subjected to either a conventional therapeutic approach
(devoid of nutritional supplementation) or an immunonutrition regimen excluding omega-3
fatty acids.

2.4. Outcomes

The primary objective of this meta-analysis was to evaluate the postoperative inflam-
matory response, defined as IL-6, CRP, or WBC within the first 3 postoperative days. The
secondary outcome was to assess the length of hospital stay.

2.5. Data Extraction

One author (GM) screened the results of the initial searches twice, read the results of the
eligible studies, and extracted the data. The results were screened and evaluated by a second
author (MV) independently. Discrepancies were discussed and solved jointly. Extracted
data included title, first author, sample size, age, sex, type of intervention, type of control,
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time of initiation of immunonutrition, duration of immunonutrition, IL6/CRP/WBC values.
The authors of studies that did not include the mean values of investigated laboratory
parameters were contacted and the relevant information was requested. In the instance of
failure to receive an answer to our query, data were extracted from published graphs using
WebPlotDigitizer V 4. 5 (Ankit Rohatgi Website: https://automeris.io/ WebPlotDigitizer,
last accessed on 30 September 2022).

2.6. Subgroup Analysis

Due to the lack of data, a planned subgroup analysis was not conducted.

2.7. Statistical Analysis

We performed a meta-analysis for postoperative inflammatory responses including
IL-6, CRP, and WBC and evaluated length of hospital stay (LOS) as a secondary endpoint.
Inflammatory responses and LOS were analyzed using random-effect models, with the
standardized mean difference assessed as effect size. A random effects model was chosen to
account for heterogeneity of disease and the surgical procedure of the included abdominal
surgical trials as well as dosage [27]. The DerSimonian and Laird method were used to esti-
mate the cross-study variance and further adjustment by the Hartung-Knapp method for a
refined variance estimator for random effect meta-analysis was applied [28,29]. Heterogene-
ity was assessed using the I statistics and a chi-square test. All analysis were conducted
using R version 4.0.4 (15 February 2021), using the “meta” package (version 5.2-0) to per-
form the meta-analysis and generate the forest plots of the random effects meta-analysis
showing the estimated treatment effect and confidence interval of each individual study, as
well as the overall effect estimate from all studies.

We considered a p value < 0.05 as statistically significant and a p value < 0.1 as
statistical trend.

3. Results

A total of 296 articles were identified in Cochrane after applying our search criteria.
Among these, 244 articles were excluded based on their title or abstract. Details of the
exclusion process can be found in Figure 1.

Out of the original 31 studies that met our inclusion criteria, 18 had to be excluded
due to lack of inflammatory marker values. Therefore, only 13 articles including n = 950
patients were incorporated into the subsequent analysis (Figure 1). Data from the included
studies are in Table 1.

Our decision to analyze IL-6, CRP, and WBC was based on their prevalence as the
most commonly observed markers in the included trials.

IL-6 data were extracted from 10 studies, CRP values from 7, and WBC data from
3 publications. The first respective postoperative value was compared among groups
in each study. With respect to clinically relevant outcome measures, hospital LOS were
reported consistently, and the corresponding data could be extracted from five trials, which
were included in this analysis.

The mean age of patients for the control and intervention groups ranged from 46.4
to 69.0 years and from 45.5 to 67.5 years, respectively. The dosage of omega-3 FAs used
ranged from 2 g/day to 6.5 g/day. The administration of omega-3 FAs was through the
enteral route in 11 studies and intravenous in 2.

Time of initiation ranged from 10 days before the planned procedure, at the earliest, to
one day preoperatively, at the latest. Omega-3 administration was carried out until the day
of the operation, at the earliest, and until 21 days postoperation, at the latest.
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Figure 1. Flow chart demonstrating the process of study selection (PRISMA Chart).

3.1. Interleukin 6

IL-6 data were extracted from 10 studies (n = 689) [30-39]. The unit used for IL-6
was pg/mL. The first postoperative IL-6 values were compared among groups in each
study. As demonstrated in Figure 2, IL-6 levels were lower in the omega-3 group SMD:
—0.55[—1,22; 0.12], p = 0.10. However, this difference did not reach statistical significance
(Figure 2A).

3.2. C-Reactive Protein

CRP data from seven studies were extracted and analyzed (n = 605) [30,32,36,38—41].
The unit used for CRP was mg/dL. The first postoperative CRP values were compared
among groups in each study. CRP values tended to be lower in the omega-3 group SMD:
—0.14 [-0.67; 0.40] p = 0.55. However, there was no statistically significant difference
between groups (Figure 2B).

The CRP data from Helminen et al. were only available as median values and, there-
fore, were not included in the analysis [42].

3.3. White Blood Count

Only three studies (n = 257) reported WBC counts and were included in the corre-
sponding analysis [31,32,41]. The unit used for WBC was WBC/mL. The first postoperative
WBC count was included and compared among the groups. Similarly to IL-6 and CPR, WBC
counts also tended to be lower in the omega-3 group SMD: —0.58 [—3.05; 1.89]. Similarly to
IL-6 and CRP, there was no statistically significant difference p = 0.42 (Figure 2C).
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3.4. Length of Hospital Stay
Length of hospital stay (LOS) was analyzed using data from five trials (n = 389) [30,33,37,39,42],
since this was the most common reported clinical variable. As shown in Figure 2D, the

hospital LOS was also shorter in patients treated with the omega-3; however, it did not
reach statistical significance SMD: —0.51 [—1.43; 0.41] p = 0.20.

Standardised Mean

Study A Difference SMD 95%-Cl Weight
Uno et al. -0.83 [-1.48;-0.18] 10.0%
Mikagi et al. —8— -1.29 [-2.15; -0.44] 9.4%
Healy et al. - g 0.22 [-0.07; 0.50] 10.7%
Braga et al. - -2.59 [-2.97;-2.21] 10.6%
Ashida et al. —E— 0.28 [-0.61; 1.16] 9.3%
Nakamura et al. —— -0.05 [-0.82; 0.72] 9.7%
Aida et al. — -0.59 [-1.15; -0.02] 10.2%
Ryan et al. T+ 0.42 [-0.12; 0.97] 10.2%
Weiss et al. —u— -0.97 [-1.85;-0.10] 9.4%
Ma et al. - -0.06 [-0.48; 0.36] 10.5%
Random effects model -0.55 [-1.22; 0.12] 100.0%

Heterogeneity: /° = 95%, v* = 1.2583, <0.01 | |
2 -1 0 1 2

Standardised Mean

Study B Difference SMD 95%~Cl Weight
Uno et al. — 0.22 [-0.40; 0.84] 12.8%
Healy et al. o 0.16 [-0.13; 0.44] 17.9%
Sultan et al. = -0.47 [-0.82; -0.13] 17.1%
Nakamura et al. —_ 0.39 [-0.39; 1.17] 10.6%
Ruiz-Tovar et al. —_— -1.39 [-2.09; -0.69] 11.7%
Ryan et al. = 0.27 [-0.27; 0.81] 14.0%
Ma et al. — -0.18 [-0.61; 0.25] 15.8%
Random effects model _ -0.14 [-0.67; 0.40] 100.0%

Heterogeneity: /% = 76%, v> £ 0.1775, p < 0.01 T !

-2 -1 0 1 2

Standardised Mean

Study c Difference SMD 95%-Cl Weight
Mikagi et al. —B— | -1.89 [-2.84;-0.94] 27.5%
Healy et al. - -0.02 [-0.31; 0.26] 38.8%
Ruiz-Tovar et al. . -0.14 [-0.77; 0.48] 33.7%
Random effects model -0.58 [-3.05; 1.89] 100.0%

1

Heterogeneity: /> = 85%, ©*=0.5018, <001 | |
3 -2 -1 0 1 2 3

Standardised Mean

Study D Difference SMD 95%-Cl Weight
Uno et al. —_— -0.88 [-1.53; -0.23] 19.6%
Helminen et al T+ 0.22 [-0.17; 0.61] 23.2%
Braga et al. . 3 -0.68 [-0.96; -0.39] 24.5%
Nakamura et al. +—— 0.17 [-0.60; 0.94] 17.8%
Weiss et al. —— -1.67 [-2.64; -0.69] 15.0%
Random effects model e -0.51 [-1.43; 0.41] 100.0%
Heterogeneity: /> = 83%, 1° = 03344, p<0.01 ! !

-2 -1 0 1 2

Figure 2. Effects of omega-3 Fatty acids on post operative inflammatory response: (A) IL-6 [30-39]
(B) CRP [30,32,36,38—41] (C) WBC [31,32,41] (D) Length of Hospital Stay (LOS) [30,33,37,39,42].



Nutrients 2023, 15, 3414

7 of 13

Table 1. Summary data of studies included in the meta-analysis: *: published IL-6 Data in median. ** published age data in median, *** published LOS data in
median, *** Omega 3 dose was calculated using the mean weight of the group [30-42].
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4. Discussion

We identified 13 trials, adding up to 950 patients, that were included in this meta-
analysis. Intervention was defined as the preoperative initiation of omega-3 FA adminis-
tration. Studies investigating only postoperative administration were not included, since
this administration might have lower or delayed consequences on inflammatory medi-
ators compared to presurgical initiation. Conventional strategy of care and nutritional
supplementation not containing omega-3 FA were considered as control.

Our findings demonstrated only small effects toward reduced inflammatory mediators
as well as on the length of hospital stay in patients who received omega-3 fatty acid
supplementation prior to surgery. None of these results reached statistical significance,
a fact which may be due to insufficient evidence gathered from rather small cohorts
of patients.

Patients undergoing abdominal surgery frequently experience an ischemia/reperfusion
injury and surgical trauma, both triggering the release of proinflammatory cytokines in-
cluding interleukin-1 and tumor necrosis factor-o« (TNF-«), which ultimately leads to a
systemic inflammatory response [1]. These, in turn, sequentially activate the release of other
cytokines, including IL-6 [1,43], which further stimulates acute phase proteins including
CRP [43], the latter being recognized as an important and reliable inflammatory marker by
current international nutrition guidelines [44].

Omega-3 fatty acids possess potent anti-inflammatory properties that have been
demonstrated in several experimental studies and clinical trials examining pre-emptive
omega-3 supplementation’s impact on inflammatory response [17,45,46]. However, these
anti-inflammatory effects have not been conclusively investigated in the perioperative setting.

We performed this meta-analysis based on the premise that beneficial effects of preop-
erative omega-3 FAs administration would attenuate the inflammatory response triggered
by surgery in the early postsurgical stage. To our knowledge, there is no data supporting
this hypothesis regarding the postsurgical inflammatory response. However, an experi-
mental study by Yan et al. found that docosahexaenoic acid (DHA) inhibited caspase-1 and
interleukin-1f (IL-1f) activity in bone-marrow-derived macrophages (BMDMs) pretreated
with lipopolysaccharide (LPS) and decreased the secretion of interleukin-18 (IL-18), another
acute phase interleukin. Other omega-3 FAs, eicosapentaenoic acid (EPA), and alpha-
linolenic acid (ALA) showed similar effects [45]. It also showed that DHA did not affect
the lipopolysaccharide (LPS)-induced priming for activation of NF-kB and TNF-a when
added after the LPS treatment; it did, however, inhibit this process when applied before
the LPS treatment, suggesting that DHA has protective effects as a preemptive treatment.
Furthermore, DHA was found to inhibit NLRP3 and NLRP1b inflammasome activation
triggered by a variety of agonists, implying a broad inhibitory effect and, consequently,
inhibiting the IL-13 production. This indicates their potential role in modulating immune
responses. This, among other studies, led us to our hypothesis that administering omega-3
fatty acids prior to surgical trauma might be more effective in reducing the inflammatory
response than administering them after surgical trauma.

Several meta-analyses showed that the administration of omega-3 FAs during the
perioperative course reduced the length of stay in the intensive care unit and the length
of hospital stay, as well as reducing the risk of postoperative infections [9,47-50]. A meta-
analysis by Wei et al., consisting of six trials, reported a significant reduction in infections
and length of hospital stay after postoperative administration of emulsions containing fish
oil. However, it is important to note that Wei et al. used the random model analyzing
heterogeneous surgical procedures including cancer, abdominal, and vascular surgeries,
as well as different administration strategies [51]. In 2017, Bae et al. demonstrated in
a meta-analysis that intravenous omega-3 FAs are beneficial with respect to infectious
morbidity and length of hospital stay when compared to soybean oil emulsions [47].

Furthermore, a recent meta-analysis by Lu et al. revealed that the implementation of
perioperative omega-3 in gastrointestinal cancer patients undergoing gastrointestinal cancer
surgery markedly diminished the inflammatory response while concurrently reducing the
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length of hospital stay. This meta-analysis included 10 trials comprising 663 patients and
did not differentiate between the omega-3 FAs that were administered either preoperatively
or postoperatively [52].

Similarly, Xiao et al. conducted a meta-analysis aimed at investigating the potential
impact of omega-3 supplementation on patients subjected to liver surgery. Their investiga-
tion yielded a reduction in the incidence of postoperative infections, although they did not
observe a significant impact on the incidence rate of other complications [53].

However, a notable distinction should be made here. Xiao and colleagues’ analysis
focused on the clinical infections, meaning that, unlike our research, they did not analyze
the inflammatory mediators. Interestingly, their analysis also found that a prolonged
regimen of supplementation, both pre- and post-surgery, exhibited a higher degree of
effectiveness in mitigating complication rates when compared to a singular dose regimen.

A recent umbrella review conducted by Slim and colleagues evaluated the role of
immunonutrition (IN) (nutrition containing, among others, omega-3 FAs, arginine, glu-
tamine, and nucleotides) in perioperative settings, revealing its significant potential in
reducing postoperative complications, particularly infectious complications, by nearly
50%, regardless of its timing of initiation [54]. This review synthesized the findings of
20 meta-analyses, which in total comprised 133 randomized trials focusing on the use of IN
in abdominal surgery. Despite the comprehensive approach taken by this umbrella review,
it failed to provide convincing evidence regarding the effectiveness of IN in relation to the
patient’s condition, the specific components of IN, and the optimal timing of IN use. This
was mainly due to the generally low quality of the existing data [54].

While these previous reports investigated perioperative administration, our meta-
analysis aimed to investigate the impact of preoperative omega-3 nutrition on the postoper-
ative inflammatory response.

With this reported emerging interest of omega-3 FAs, concerns have increased regard-
ing potential bleeding complications during major surgeries due to their consumption [55].
It has been hypothesized that eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA)
vie with arachidonic acid in the platelet membrane, consequently resulting in a diminished
production of arachidonic-acid-derived prothrombotic metabolites. This might also lead to
an augmented synthesis of antithrombotic EPA metabolites, which may contribute to di-
minished platelet aggregation [55,56]. This issue was investigated by a secondary analysis
of the OPERA Trial, which was a multinational, placebo-controlled randomized trial evalu-
ating the impact of fish oil on the incidence of atrial fibrillation post cardiac surgery [57].
This analysis revealed no increase in perioperative bleeding incidence following fish oil
supplementation; instead, a significant decrease in the number of blood transfusion was ob-
served. Furthermore, higher plasma levels of omega-3 FAs were correlated with a reduced
risk of bleeding [55]. To our knowledge, no large randomized trials have demonstrated a
higher bleeding risk after consumption of omega-3 FAs.

Although omega-3 fatty acids have been the subject of extensive research, there remain
certain challenges regarding their administration, with dosing being an important point
of concern. The inconsistency in the dosing regimens observed across different studies
intensifies the need for further investigations. As expressed by Nishizaki et al., it is crucial
that research takes into consideration the variations in baseline EPA /AA ratios and the
possible impact of the EPA/AA threshold on the outcome of future studies [58].

Another important aspect would be the duration of omega-3 FAs administration. As it
stands, we do not yet have a clear understanding of what the optimal duration for supple-
mentation is, which might vary depending on the specific aims of the supplementation.
Evidence from studies such as Katan et al. and Browning et al. suggests that the process
of omega-3 FAs incorporation into the tissue is rather slow. This implies that it could take
several months to reach a steady state following the start of supplementation [59,60].

When interpreting our findings, it is important to acknowledge the existence of several
limitations, including the heterogeneity of disease and surgery among the abdominal
surgery trials included. In addition, the diversity of dosing regimens, administration



Nutrients 2023, 15, 3414

37

10 of 13

routs, timing of initiation, combination with other immunonutrients, and duration of
omega-3 FAs administration must be considered as sources of heterogeneity that may have
significantly influenced the obtained findings. Different diseases and surgical interventions
may instigate varying inflammatory responses, potentially requiring a diverse range of
omega-3 fatty acid dosages for optimal attenuation of these immune reactions. Additionally,
the contrasting time of initiation of the supplementation could modulate its effectiveness,
either amplifying or diminishing the impact on the inflammatory response. It is also crucial
to underscore the variance in the EPA/DHA ratio across the trials included in this analysis.
This inconsistency could be perceived as a limitation.

Despite the fact that hospital length of stay is influenced by multiple factors, including
non-clinical ones, it was included as the sole clinical parameter in our analysis, as it has
been included in previous studies. The primary endpoint of this investigation was the
postoperative inflammatory markers; hence, the length of stay data were solely acquired
from those studies which had reported the inflammatory markers.

A further limitation to our investigation is the broad definition of the control group,
which was a direct consequence of the limited availability of published data and of the
small cohort sizes in the studies included. Consequently, our analysis was unable to
differentiate between conventional treatment (no administration) and treatments with
non-omega-3 nutrition. Moreover, our investigation encountered a number of studies that
presented incomplete data, and, despite attempts to obtain original research data from
the corresponding authors, this information remained unavailable. It is important to note
and account for this limitation when assessing the quality of future studies in this area.
The lack of available raw data from primary studies and the unresponsiveness of authors
represent a major issue that should be considered by editors and journals when publishing
future studies.

In order to address this issue in our study, we utilized the WebPlotDigitizer appli-
cation to extract the necessary data. While this approach has been successfully used in
previous studies, it is important to recognize that the accuracy of the obtained data might
be somewhat inferior to that of the original source material [61].

In conclusion, given the current ambiguous state of available data, there is a significant
need for further methodologically rigorous investigations such as randomized controlled
trials to investigate the causality between omega-3 supplementation and potential beneficial
effects on the postoperative inflammatory response. These investigations should compare
omega-3 administration to other supplementations, as well as to the conventional practice
that does not involve supplementation. The establishment of optimal dosing regimens with
the optimal EPA/DHA ratio, route of administration, timing of initiation, and duration
of therapy will require thorough comparative studies to determine the most beneficial
supplementation protocol. Potentially, the measurement of EPA/AA ratio may play a role
in such an investigation. In this analysis, it would be highly interesting to incorporate
additional inflammatory markers such as TNF alpha, Interleukin-1, and Procalcitonin as
well as clinical parameters such as duration of hospital stay, incidence of surgical site
infection, and postoperative bleeding.

Comparative studies would also be important to elucidate the optimal content and
timing for omega-3 supplementation. Such studies should include a cohort that receives
only preoperative supplementation, a second cohort that begins supplementation preop-
eratively and continues the treatment postoperatively, and a third cohort that initiates
supplementation postoperatively. Such a study design may provide vital insights into
the effects of this supplementation, ultimately facilitating the identification of the most
beneficial timing to optimize the impact on the postoperative inflammatory response.

Author Contributions: Conceptualization, G.M., C.S. and M.V,; validation, G.M., M.V. and A.S.;
formal analysis, A.S. and A.M.; investigation, G.M.; data curation, G.M.; writing—original draft
preparation, G.M.; writing—review and editing, M.W., C.S. and A K.; supervision, M.V.; project
administration, A.K. All authors have read and agreed to the published version of the manuscript.



38

Nutrients 2023, 15, 3414 11 0f 13

Funding: This research received no external funding.
Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Data Availability Statement: Available upon request.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. NiChoileain, N. Cell Response to Surgery. Arch. Surg. 2006, 141, 1132. [CrossRef]

2. Sido, B.; Teklote, J.-R.; Hartel, M.; Friess, H.; Biichler, M.W. Inflammatory Response after Abdominal Surgery. Best Pract. Res. Clin.
Anaesthesiol. 2004, 18, 439-454. [CrossRef] [PubMed]

3. Szczepanik, A.M.; Scislo, L.; Scully, T.; Walewska, E.; Siedlar, M.; Kolodziejczyk, P.; Lenart, M.; Rutkowska, M.; Galas, A.;
Czupryna, A.; et al. IL-6 Serum Levels Predict Postoperative Morbidity in Gastric Cancer Patients. Gastric Cancer 2011, 14,
266-273. [CrossRef]

4. Rettig, T.C.D.; Verwijmeren, L.; Dijkstra, LM.; Boerma, D.; van de Garde, E.M.W.; Noordzij, P.G. Postoperative Interleukin-6 Level
and Early Detection of Complications After Elective Major Abdominal Surgery. Ann. Surg. 2016, 263, 1207-1212. [CrossRef]

5. Watt, D.G.; Horgan, P.G.; McMillan, D.C. Routine Clinical Markers of the Magnitude of the Systemic Inflammatory Response
after Elective Operation: A Systematic Review. Surgery 2015, 157, 362-380. [CrossRef]

6.  Santonocito, C.; De Loecker, I.; Donadello, K.; Moussa, M.D.; Markowicz, S.; Gullo, A.; Vincent, J.-L. C-Reactive Protein Kinetics
After Major Surgery. Anesth. Analg. 2014, 119, 624-629. [CrossRef] [PubMed]

7. Calder, P.C. Polyunsaturated Fatty Acids, Inflammatory Processes and Inflammatory Bowel Diseases. Mol. Nutr. Food Res. 2008,
52, 885-897. [CrossRef]

8.  Chan, EJ,; Cho, L. What Can We Expect from Omega-3 Fatty Acids? CCJM 2009, 76, 245-251. [CrossRef]

9.  Chen, B,; Zhou, Y.,; Yang, P; Wan, H.; Wu, X. Safety and Efficacy of Fish Oil-Enriched Parenteral Nutrition Regimen on
Postoperative Patients Undergoing Major Abdominal Surgery: A Meta-Analysis of Randomized Controlled Trials. JPEN ].
Parenter. Enter. Nutr. 2010, 34, 387-394. [CrossRef] [PubMed]

10. Calder, P.C. Immunonutrition in Surgical and Critically Ill Patients. Br. J. Nutr. 2007, 98, S133-S139. [CrossRef]

11.  Moosavian, S.P; Arab, A.; Mehrabani, S.; Moradji, S.; Nasirian, M. The Effect of Omega-3 and Vitamin E on Oxidative Stress and
Inflammation: Systematic Review and Meta-Analysis of Randomized Controlled Trials. Int. J. Vitam. Nutr. Res. 2020, 90, 553-563.
[CrossRef]

12.  Natto, Z.S.; Yaghmoor, W.; Alshaeri, H.K.; Van Dyke, T.E. Omega-3 Fatty Acids Effects on Inflammatory Biomarkers and Lipid
Profiles among Diabetic and Cardiovascular Disease Patients: A Systematic Review and Meta-Analysis. Sci. Rep. 2019, 9, 18867.
[CrossRef] [PubMed]

13.  Sadeghi; Wallace; Calder. Dietary Lipids Modify the Cytokine Response to Bacterial Lipopolysaccharide in Mice. Immunology
1999, 96, 404-410. [CrossRef]

14. Billiar, T.R.; Bankey, P.E.; Svingen, B.A.; Curran, R.D.; West, M.A.; Holman, R.T.; Simmons, R.L.; Cerra, E.B. Fatty Acid Intake
and Kupffer Cell Function: Fish Oil Alters Eicosanoid and Monokine Production to Endotoxin Stimulation. Surgery 1988, 104,
343-349.

15. Calder, P.C. Omega-3 Polyunsaturated Fatty Acids and Inflammatory Processes: Nutrition or Pharmacology?: Omega-3 Fatty
Acids and Inflammation. Br. J. Clin. Pharmacol. 2013, 75, 645-662. [CrossRef] [PubMed]

16. Kiecolt-Glaser, ].K.; Belury, M.A.; Andridge, R.; Malarkey, W.B.; Hwang, B.S.; Glaser, R. Omega-3 Supplementation Lowers
Inflammation in Healthy Middle-Aged and Older Adults: A Randomized Controlled Trial. Brain Behav. Immun. 2012, 26, 988-995.
[CrossRef] [PubMed]

17. Habicht, I.; Mohsen, G.; Eichhorn, L.; Frede, S.; Weisheit, C.; Hilbert, T.; Treede, H.; Giiresir, E.; Dewald, O.; Duerr, G.D.; et al.
DHA Supplementation Attenuates MI-Induced LV Matrix Remodeling and Dysfunction in Mice. Oxidative Med. Cell. Longev.
2020, 2020, 7606938. [CrossRef]

18. Calder, P.C. Omega-3 Fatty Acids and Inflammatory Processes. Nutrients 2010, 2, 355-374. [CrossRef]

19. Zebrowska, A.; Hall, B.; Stolecka-Warzecha, A.; Stanula, A.; Sadowska-Krepa, E. The Effect of Omega-3 Fatty Acid Supplementa-
tion on Serum Adipocytokines, Lipid Profile and Biochemical Markers of Inflammation in Recreational Runners. Nutrients 2021,
13, 456. [CrossRef]

20. Tutino, V.; De Nunzio, V.; Caruso, M.G.; Veronese, N.; Lorusso, D.; Di Masi, M.; Benedetto, M.L.; Notarnicola, M. Elevated
AA/EPA Ratio Represents an Inflammatory Biomarker in Tumor Tissue of Metastatic Colorectal Cancer Patients. Int. . Mol. Sci.
2019, 20, 2050. [CrossRef]

21. Kitagawa, M.; Haji, S.; Amagai, T. Elevated Serum AA/EPA Ratio as a Predictor of Skeletal Muscle Depletion in Cachexic Patients
with Advanced Gastro-Intestinal Cancers. In Vivo 2018, 31, 1003-1009. [CrossRef]

22.  Nelson, J.R.; Raskin, S. The Eicosapentaenoic Acid:Arachidonic Acid Ratio and Its Clinical Utility in Cardiovascular Disease.

Postgrad. Med. 2019, 131, 268-277. [CrossRef] [PubMed]



39

Nutrients 2023, 15, 3414 12 0f 13

23.

24.

25.

26.

27.

28.
29.
30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

Calder, P.C. Marine Omega-3 Fatty Acids and Inflammatory Processes: Effects, Mechanisms and Clinical Relevance. Biochim.
Biophys. Acta BBA—Mol. Cell Biol. Lipids 2015, 1851, 469-484. [CrossRef]

Djuricic, L; Calder, P.C. Beneficial Outcomes of Omega-6 and Omega-3 Polyunsaturated Fatty Acids on Human Health: An
Update for 2021. Nutrients 2021, 13, 2421. [CrossRef]

Lee, J.Y.; Sohn, K.H.; Rhee, S.H.; Hwang, D. Saturated Fatty Acids, but Not Unsaturated Fatty Acids, Induce the Expression of
Cyclooxygenase-2 Mediated through Toll-like Receptor 4. J. Biol. Chem. 2001, 276, 16683-16689. [CrossRef]

Bannenberg, G.; Serhan, C.N. Specialized Pro-Resolving Lipid Mediators in the Inflammatory Response: An Update. Biochim.
Biophys. Acta BBA—Mol. Cell Biol. Lipids 2010, 1801, 1260-1273. [CrossRef]

Borenstein, M.; Hedges, L.V.; Higgins, ].P.T.; Rothstein, H.R. Introduction to Meta-Analysis; Borenstein, M., Ed.; John Wiley & Sons:
Chichester, UK, 2009; ISBN 978-0-470-05724-7.

Hartung, J. An Alternative Method for Meta-Analysis. Biom. J. 1999, 41, 901-916. [CrossRef]

Aert, R.C.M.; Jackson, D. A New Justification of the Hartung-Knapp Method for Random-effects Meta-analysis Based on Weighted
Least Squares Regression. Res. Syn. Meth. 2019, 10, 515-527. [CrossRef] [PubMed]

Uno, H.; Furukawa, K.; Suzuki, D.; Shimizu, H.; Ohtsuka, M.; Kato, A.; Yoshitomi, H.; Miyazaki, M. Inmunonutrition Suppresses
Acute Inflammatory Responses through Modulation of Resolvin E1 in Patients Undergoing Major Hepatobiliary Resection.
Surgery 2016, 160, 228-236. [CrossRef]

Mikagi, K.; Kawahara, R.; Kinoshita, H.; Aoyagi, S. Effect of Preoperative Inmunonutrition in Patients Undergoing Hepatectomy;
A Randomized Controlled Trial. Kurume Med. J. 2011, 58, 1-8. [CrossRef] [PubMed]

Healy, L.A.; Ryan, A.; Doyle, S.L.; Ni Bhuachalla, E.B.; Cushen, S.; Segurado, R.; Murphy, T.; Ravi, N.; Donohoe, C.L.; Reynolds,
J.V. Does Prolonged Enteral Feeding With Supplemental Omega-3 Fatty Acids Impact on Recovery Post-Esophagectomy: Results
of a Randomized Double-Blind Trial. Ann. Surg. 2017, 266, 720-728. [CrossRef]

Braga, M.; Gianotti, L.; Vignali, A.; Carlo, V.D. Preoperative Oral Arginine and N-3 Fatty Acid Supplementation Improves the
Immunometabolic Host Response and Outcome after Colorectal Resection for Cancer. Surgery 2002, 132, 805-814. [CrossRef]
[PubMed]

Ashida, R.; Okamura, Y.; Wakabayashi-Nakao, K.; Mizuno, T.; Aoki, S.; Uesaka, K. The Impact of Preoperative Enteral Nutrition
Enriched with Eicosapentaenoic Acid on Postoperative Hypercytokinemia after Pancreatoduodenectomy: The Results of a
Double-Blinded Randomized Controlled Trial. Dig. Surg. 2019, 36, 348-356. [CrossRef]

Aida, T.; Furukawa, K.; Suzuki, D.; Shimizu, H.; Yoshidome, H.; Ohtsuka, M.; Kato, A.; Yoshitomi, H.; Miyazaki, M. Preoperative
Immunonutrition Decreases Postoperative Complications by Modulating Prostaglandin E2 Production and T-Cell Differentiation
in Patients Undergoing Pancreatoduodenectomy. Surgery 2014, 155, 124-133. [CrossRef] [PubMed]

Ryan, A.M.; Reynolds, ].V.; Healy, L.; Byrne, M.; Moore, J.; Brannelly, N.; McHugh, A.; McCormack, D.; Flood, P. Enteral Nutrition
Enriched With Eicosapentaenoic Acid (EPA) Preserves Lean Body Mass Following Esophageal Cancer Surgery: Results of a
Double-Blinded Randomized Controlled Trial. Ann. Surg. 2009, 249, 355-363. [CrossRef]

Weiss, G.; Meyer, E.; Matthies, B.; Pross, M.; Koenig, W.; Lippert, H. Inmunomodulation by Perioperative Administration of n -3
Fatty Acids. Br. |. Nutr. 2002, 87, S89-594. [CrossRef]

Ma, C.-J.; Wu, ].-M.; Tsai, H.-L.; Huang, C.-W.; Lu, C.-Y,; Sun, L.-C.; Shih, Y.-L.; Chen, C.-W.; Chuang, J.-E; Wu, M.-H_; et al.
Prospective Double-Blind Randomized Study on the Efficacy and Safety of an n-3 Fatty Acid Enriched Intravenous Fat Emulsion
in Postsurgical Gastric and Colorectal Cancer Patients. Nutr. J. 2015, 14, 9. [CrossRef]

Nakamura, K.; Kariyazono, H.; Komokata, T.; Hamada, N.; Sakata, R.; Yamada, K. Influence of Preoperative Administration of
w-3 Fatty Acid-Enriched Supplement on Inflammatory and Immune Responses in Patients Undergoing Major Surgery for Cancer.
Nutrition 2005, 21, 639-649. [CrossRef]

Sultan, J.; Griffin, S.M.; Di Franco, E; Kirby, J.A.; Shenton, B.K.; Seal, C.]J.; Davis, P.; Viswanath, Y.K.S.; Preston, S.R.; Hayes, N.
Randomized Clinical Trial of Omega-3 Fatty Acid-Supplemented Enteral Nutrition versus Standard Enteral Nutrition in Patients
Undergoing Oesophagogastric Cancer Surgery. Br. J. Surg. 2012, 99, 346-355. [CrossRef]

Ruiz-Tovar, J.; Blanca, M.; Garcia, A.; Gonzalez, J.; Gutierrez, S.; Paniagua, A.; Prieto, M.].; Ramallo, L.; Llanos, L.; Duran, M.
Preoperative Administration of Omega-3 Fatty Acids on Postoperative Pain and Acute-Phase Reactants in Patients Undergoing
Roux-En-Y Gastric Bypass: A Randomized Clinical Trial. Clin. Nutr. 2019, 38, 1588-1593. [CrossRef] [PubMed]

Helminen, H.; Raitanen, M.; Kellosalo, J. Immunonutrition in Elective Gastrointestinal Surgery Patients. Scand. J. Surg. 2007, 96,
46-50. [CrossRef] [PubMed]

Desborough, J.P. The Stress Response to Trauma and Surgery. Br. |. Anaesth. 2000, 85, 109-117. [CrossRef] [PubMed]

Berger, M.M.; Shenkin, A.; Schweinlin, A.; Amrein, K.; Augsburger, M.; Biesalski, H.-K.; Bischoff, 5.C.; Casaer, M.P.; Gundogan,
K.; Lepp, H.-L.; et al. ESPEN Micronutrient Guideline. Clin. Nutr. 2022, 41, 1357-1424. [CrossRef] [PubMed]

Yan, Y.; Jiang, W.; Spinetti, T.; Tardivel, A ; Castillo, R.; Bourquin, C.; Guarda, G.; Tian, Z.; Tschopp, J.; Zhou, R. Omega-3 Fatty
Acids Prevent Inflammation and Metabolic Disorder through Inhibition of NLRP3 Inflammasome Activation. Immunity 2013, 38,
1154-1163. [CrossRef]

Ali, M.; Heyob, K.M.; Velten, M.; Tipple, T.E.; Rogers, L.K. DHA Suppresses Chronic Apoptosis in the Lung Caused by Perinatal
Inflammation. Am. J. Physiol. Lung Cell. Mol. Physiol. 2015, 309, L441-1.448. [CrossRef]

Bae, H.J.; Lee, G.Y.; Seong, ].-M.; Gwak, H.S. Outcomes with Perioperative Fat Emulsions Containing Omega-3 Fatty Acid: A
Meta-Analysis of Randomized Controlled Trials. Am. ]. Health-Syst. Pharm. 2017, 74, 904-918. [CrossRef]



40

Nutrients 2023, 15, 3414 13 0f 13

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

Gao, B,; Luo, J.; Liu, Y.; Zhong, E; Yang, X.; Gan, Y.; Su, S.; Li, B. Clinical Efficacy of Perioperative Inmunonutrition Containing
Omega-3-Fatty Acids in Patients Undergoing Hepatectomy: A Systematic Review and Meta-Analysis of Randomized Controlled
Trials. Ann. Nutr. Metab. 2020, 76, 375-386. [CrossRef] [PubMed]

Langlois, PL.; Hardy, G.; Manzanares, W. Omega-3 Polyunsaturated Fatty Acids in Cardiac Surgery Patients: An Updated
Systematic Review and Meta-Analysis. Clin. Nutr. 2017, 36, 737-746. [CrossRef]

Li, N.-N.; Zhou, Y;; Qin, X.-P; Chen, Y.; He, D.; Feng, J.-Y.; Wu, X.-T. Does Intravenous Fish Oil Benefit Patients Post-Surgery? A
Meta-Analysis of Randomised Controlled Trials. Clin. Nutr. 2014, 33, 226-239. [CrossRef]

Wei, C.; Hua, J.; Bin, C.; Klassen, K. Impact of Lipid Emulsion Containing Fish Oil on Outcomes of Surgical Patients: Systematic
Review of Randomized Controlled Trials from Europe and Asia. Nutrition 2010, 26, 474—481. [CrossRef]

Lu,S.; Yang, Z.; Tang, H.; Sun, X.; Wang, B.; Qu, J.; Wang, Y.; Yang, P; Rao, B. Associations between Omega-3 Polyunsaturated Fatty
Acids Supplementation and Surgical Prognosis in Patients with Gastrointestinal Cancer: A Systematic Review and Meta-Analysis.
Food Chem. Mol. Sci. 2022, 4, 100099. [CrossRef]

Xiao, F; Han, W.; Yue, Q.; Ke, J; Jia, B.; Fu, X. Perioperative Omega-3 Fatty Acids for Liver Surgery: A Meta-Analysis of
Randomized Controlled Trials. Medicine 2021, 100, €25743. [CrossRef] [PubMed]

Slim, K.; Badon, F.; Vacheron, C.H.; Occean, B.V.; Dziri, C.; Chambrier, C. Umbrella Review of the Efficacy of Perioperative
Immunonutrition in Visceral Surgery. Clin. Nutr. ESPEN 2022, 48, 99-108. [CrossRef] [PubMed]

Akintoye, E.; Sethi, P.; Harris, W.S.; Thompson, P.A.; Marchioli, R.; Tavazzi, L.; Latini, R.; Pretorius, M.; Brown, N.J.; Libby, P.;
et al. Fish Oil and Perioperative Bleeding: Insights From the OPERA Randomized Trial. Circ. Cardiovasc. Qual. Outcomes 2018,
11, €004584. [CrossRef]

Calder, P.C. Mechanisms of Action of (n-3) Fatty Acids. J. Nutr. 2012, 142, 5925-599S. [CrossRef]

Ryan, J. Fish Oil and Postoperative Atrial Fibrillation: The Omega-3 Fatty Acids for Prevention of Post-Operative Atrial Fibrillation
(OPERA) Randomized Trial. J. Emerg. Med. 2013, 44, 730. [CrossRef]

Nishizaki, Y.; Daida, H. Optimal Dose of N-3 Polyunsaturated Fatty Acids for Cardiovascular Event Prevention. Circ. Rep. 2020,
2,260-264. [CrossRef]

Katan, M.B.; Deslypere, ].P.; Van Birgelen, A.P.; Penders, M.; Zegwaard, M. Kinetics of the Incorporation of Dietary Fatty Acids
into Serum Cholesteryl Esters, Erythrocyte Membranes, and Adipose Tissue: An 18-Month Controlled Study. J. Lipid Res. 1997, 38,
2012-2022. [CrossRef] [PubMed]

Browning, L.M.; Walker, C.G.; Mander, A.P.; West, A.L.; Madden, J.; Gambell, ] M.; Young, S.; Wang, L.; Jebb, S.A.; Calder, P.C.
Incorporation of Eicosapentaenoic and Docosahexaenoic Acids into Lipid Pools When given as Supplements Providing Doses
Equivalent to Typical Intakes of Oily Fish. Am. ]. Clin. Nutr. 2012, 96, 748-758. [CrossRef] [PubMed]

Rohatgi, A. WebPlotDigitizer, Version: 4.5. 2021. Available online: https://Automeris.Io/WebPlotDigitizer (accessed on
30 September 2022).

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.



41

3. Danksagung

Zu Beginn mochte ich all jenen meinen tiefen Dank aussprechen, die einen
wesentlichen Beitrag zum Erfolg dieser Arbeit geleistet haben:

Ein besonderer Dank geht an Prof. Dr. med. Markus Velten, der es mir ermoglichte,
diese Arbeit unter seiner Leitung durchzufuhren und der stets mit hilfreichen
Ratschlagen prasent war. Seine sorgfaltige Durchsicht und Korrektur dieser Arbeit

verdient besondere Anerkennung.

Des Weiteren danke ich meine Frau von Herzen fir ihre kontinuierliche, liebevolle

Unterstitzung. Ohne sie ware diese Arbeit in dieser Form undenkbar gewesen.



