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. Preface

Acute pancreatitifAP) is oneof themostchallenginggastrointestinaflisorders:
(1) its developmenis not fully understoo®
(2) it hasno specifictherapy;
(3) its incidencerateis continuouslyincreasing; and
(4) it hasanunacceptabhpigh mortality’.

Unfortunately,gastrointestinascientistsare devotingever lessattentionto AP, In the last
decades t tdrsedout that most of the deterioratingeventshappenin the first 24h which
largely determinethe outcomeof the diseaseé!'2 Therefore we mustacceptthe fact that AP
is a idoor to the needl® diseasesuchasstrokeor myocardialinfarction It is almostneedless
to saythatbasedn theliteraturedatawe must

(2) predictthe severityof thediseasen admissionandimportantly

(2) startthetreatmenof the patientsasearlyaswe can

Therefore whenl joinedto ProfessoH e g ywior&gsoupin January2016andwe decidedto
focuson the abovementionedclinical challengesDuring my PhD periodwe not only could
make important discoveries,but | had unique chanceto learn the basicsof Translational
Medicineincludingthemodernclinical methodologyln Chaptenr, we concentratedn severity

predction, whereasn Chapterll we focusedon earlymanagement.


https://scholar.google.hu/citations?hl=en&user=ajPL8rgAAAAJ
https://m2.mtmt.hu/frontend/#view/Publication/SmartQuery/1127/

Il Chapter

.1 Introduction

Theannuaincidenceof acutepancreatitigAP) rangefrom 10to 100case$er100,000
personsl1, showinganincreasingendencythroughoutthe pastdecades? Multiple theories
have beenproposedo explainthe increment:betterdiagnostics(e.g., generalaccesdo the
measuremendf pancreaticenzymes)-, lifestyle factors(e.g., obesity,alcohol consumption,
andtobaccause)*>aswell asagingof the population'® havebeenimplicated.

Life expectancyasdramaticallyrisenby 16 years(from 55.4yrsto 71.4yrs)in thelast
half century,causinganumberof changesndchallenge$o economiesndhealthcaresystems.
Needlesdo say,healthcargrofessionalshouldfocusmoreintensivelyon the effectsof aging
onthecourseandoutcomeof diseases.

Age hasbeenusedasa predictivemarkerin different scoringsystemdsor AP. It has
been shown that advancedage is associatedvith more severeAP and higher mortality.
However,sincetherisk of morbiditiesincreasesvith age,it is not clearwhetheragingand/or
conorbiditiesarethe key deterioratingactor 3. In addition, it is alsowell reportedthatsome
of thediseasesvhich developbasedon the sameetiologicalbackgroundfor examplealcohol)
aremorefrequentin AP. Nationalcohortanalysisshowedvariableratesof liver cirrhosis(LC)
in alcoholicpancreatitisThe Spanistcohortshowed2% 32, the Czechone16.7%%, theIndian

one8.4%?33 andthe Italian one12.5%3%,

.2 Aims
We aimedto investigate(1) the effectsof agingand(2) comorbiditieson the outcome

of AP. Moreover,we wishedto understandavhich factorspredictmortality or severitybetter.

1.3 Methods

[11.3.1 Methodsto answerAim 111.2.1

We choosethe mostappropriateclinical methodologiedo answereachquestionsTo
answerAim 111.2.1 we neeckdapreliminarysamplesizecalculation.Theeventrateof mortality
in AP is verylow: 3/100.Thereforejt is not surprisingthat 10-50 thousandf patientswould
benecessaryo answerAim I11.2.1precisely.The only possiblemethodologywhichis feasible
to collect such a high amountof patientsis metaanalyses.In this part of the study we

systematicallyreviewedtheliteratureandperformeda detailedmet-analysisperformeadusing



the preferredreportingitemsfor systematiageviewandmetaanalysisstatemen{PRISMA) %’
In order to provide the highestlevel of quality, the metaanalysiswas registeredwith the
PROSPEROreqistry (CRD42017079253)All detals are describedin the main thesis

document.

1.3.2 Methodsto answerAim [11.2.2

In orderto understandhe effects of comorbiditieson the outcomeof AP detailed
clinical dataarenecessaryWe haveperformeda preliminaryliteraturesearchwhich revealed
that unfortunatelysuchclinical dataare not providedin the articles.Therefore perfoming a
metaanalysisis not feasible.To answerAim 11.1.2 we neededo getaccesgo a high quality
AP cohort.Sinceoneof thebiggestinternationalAP registriesun by the HungarianPancreatic
StudyGroup,we hadno difficulties to accesshenecessarglinical data. AP Registryhasbeen
approvedby Scientific and ResearchEthics Committeeof the Medical ResearchCouncil
(222541/2012/EKU. All detailsaredescribedn the mainthesisdocument.

.4 Results

Our systematisearchyielded1100articles(704,379and17 in EmbasePubMedand
Cochranerespectively)Elevenadditionalarticleswerefoundwith potentialdataeligibility for
themetaanalysisan thereference®f theprimarily selectedrticles.After excludingduplicates
andirrelevantarticles,atotal of 33 articlesinvolving 194702 patientanettheinclusioncriteria
(Tablel).

l.4.1 The effectsof agingon the severityof AP

A total of 23 studieswith 22451patientswveresuitablefor analyzingseverity*>®’. Two
thousandour hundredeighty-nineseverecaseserefounddividedinto sevenagegroupswith
alow severityrateunder30 years.Therewasa low incidencesevereAP ratein patientsunder
30 androsecontinuouslybetweerages30and70.

Firstly, a metaregressionwas performedto investigatethe relationshipbetweenage
and severity (Figure 1). The numberof patientsin eachage group categorywas extremely
diverse(betweer24 and11933); however asignificantrelationshipvasdetectedcoefficient:
0.035CI: 0.019 0.052,p<0.001;adjusted?: 31.6%) A conventionaregressioranalysiswas
alsoperformedshowingalinear increase(0.193%/yeayfrom agesu20to A70 (Figure 2).



modified Newcastle-Ottawa Quality Assessment Scale
Study Sample Size | Severe Case | Mortality Studytype Selection Comparability Outcome
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[ Vueetaizors  [NEBS 68 nd Prospectie. @ @ @ © ) © 0 © o EN
974 223 58 Retrospectie. @ @ © @ O © 0 0 KN
6 u 3 Prospectie. @ @ @ : © 0 0 0 Em

Table 1. The modified Newcastlé Ottawa Quality AssessmeniScale Ranksin threecategorieggreenl: low risk; red-0: high risk;
yellow-0: unclearrisk) areshown.S1: nonselectecetiology AP; S2:all participantshavean AP diagnosisS3: AP diagnosiss confirmed
usingthelatestguidelines;S4: non-selectedseveritycasesC1: comparabilitydefinedby exactagerangesn years.O1.1:severityassigned
accordingto the latestguidelines;01.2: describedmortality (in-hospitaland pancreaselated);02i O3: adequatdollow-up for outcome
occurrencemortality andseverity.
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Figure 1. Meta-regressionof severity. The figure shows29 data
from 23reportswherex= age(mean)y=Ilogit eventrate:In(p/(1-p)),

and circle diametersshow the weight of eachstudy basedon the
random effect model. The metaregressionshows a significant
(p<0.00) relationshipbetweerageandseverity(r’=31.6),therefore
therisk for developinaseverecasess elevatedby aaeina.
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Figure 2. Conventional regressionof severity. The conventional
regressionwhich is independenbf distortionfrom diversenumbers
of patientsshowsa linearrise (0.193%/year)n severityfrom young
toold age.

[11.4.2 Theeffectsof agingonthemortalityin AP

30 studiesinvolving 181,395subjectscontaineddataon mortality (Table 1) 16:4557.60.62

6 11 170deceasedasesverefoundin the sevenagegroupswith the highestratesin groups



40i 49 and A60. The mortality rate was 0.9% in patientsunder 20 and demonstrateda

continuouslinearelevationuntil 59, howeverfrom this agethe mortality ratestartedelevating
with 9 timeshigherrate until the age of 70 (Figure 3). The mortality rate grew 0.086%/year
betweerages20and59and0.765%/yeabetweerb9and70(Figure 3). Overall,patientsabove

70 hada mortality rate 19 timeshigherthanthoseunder20. The mortality raterising with age

wasalsoconfirmedby forestplots.
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Figure 3. Conventional regressionof mortality. The conventional Figure 4. Meta-regressionof mortality. Thefigure shows43 data

regressiorshowsa linear elevationuntil 59, howeverfrom this age from 30reportswherex= age(mean)y=Ilogit eventrate:In(p/(1-p)),

the mortality rate startedelevatingwith 9 timeshighe rateuntil the — andcircle diametershowtherandomsizeof eachstudy Themeta

ageof 70. regressiorshowsa significantrelationship(p=0.023 betweenage
andmortality.

A metaregressioranalysison mortality showeda significant difference(coefficient:
0.037Cl: 0.006 0.068,p=0.022 adjusted?: 13.8%, Figure 4). Publicationbiaswastestedby
funnel plot andE g g etesti@: -0.901 9.234; p=0.109 and showedmild asymmetry,but
basednE g g @ed publicationbiaswasunlikely.

1.4.3 Demographyof the AP cohort

In order to understandthe relationship betweenaging, comorbidity, severity and
mortality we usedthe high quality AP Registrybuilt up by the HPSG.It containedl241cases,
of them 1203 (96.9%) from 18 centerswere eligible for inclusion. Demographyof study
populationandthat of AP Registryare presentedn Figure 5. Studypopulationprovedto be
representativéo thatof AP Registryregardingdemographyanddiseaseutcomegp>0.05for
all variablesanalyzed)Dataquality for all variables was>99%in studypopulation



(A) Age

90

Age (y)

70

50

30

58y (44-70 y) vs. 58 y (44-70 y)
(B) Length of hospitalization

AP registry Study population

n=1241 n=1203
(D) Sex

44,0%

i =

n=1241 n=1203

—~
2
= 25
B
£ 20
-1
15
10
5
n=1241 n=1203
9d(6-14 d)vs. 9d (7-14 d)
(C) Complications
X
25
20
15
10
’ I I I
. = =]
F
Lo‘cal. '”'q Pseuodcyst Necrosis Svst.emfc Resp»xralorv Heart failure Renal failure
complications  collection complications failure
mn=1241 29,6% 24,9% 9,9% 9,2% 7,7% 4,6% 1,5% 2,7%
n=1203 29,8% 25,2% 10,0% 9,2% 7,7% 4,6% 1,6% 2,7%

Figure 5. Demographyandrepresentativeness the studypopulation Analysisof representativitshowedho differencebetweerthefeaturesof
the populationin AP Regsitry(n=1241)andthatincludedin StudyPopulation(n=1203),p O 0 foball comparisonsRepresentativeness the
includedpopulationwastestedby binomial (sex, etiology, mortality, andcomplications) pne samplemedian(ageandlengthof hospitalizaton),

andGoodnesof-f i testPseverityof AP).

[I1.4.4 Associatiorbetweeragingandcomorbiditiesn AP

Males
Females

Alcoholic
Biliary

HyperTG
Idiopathic

Mild
Moderate
Severe

Died

# Survived

Medianageon admissiorwas58 y (Q1-Qs: 44-70y, range:18-95 y). Deceasedvere
olderthansurvivors(65y [Q1-Qs: 56-78 y] vs.58Yy [Q1-Q3: 44-70y], p=0.017 respectively)
The agedifferencebetweensevereandnonseverecasesvasof borderlinesignificance(61y
[Q1-Qs: 48-71y] vs.58Y [Q1-Qs: 43-70y], p=0.076)



Specifically, respiratory(p=0.001) and heartfailure (p=0.009)were agedependent.
Thesedatasuggesthatagingstronglyinfluencesthe outcomesf AP in univariatemodels.

Concerningcomorbidity, Median CCl was 2 (Q1-Qs: 0-2, range:0-10). Deceasedhad
higherCCl thansurvivars(3 [Q1-Qs: 1-4] vs. 1 [Q1-Qs: 0-2], p=0.001 respectively)aswell as
thosewith severeAP (1 [Q1-Qz: 0-3] vs.1[Q1-Qz: 0-2], p=0.024)comparedo thosewith non
severéAP, respectivelyA weak,significant,positivecorrelatiorwasdetectedetweerageand
CCI (r=0.073,p=0.012)

Furthermorebivariateanalysisof ageandCClrevealecamoderatepositivecorrelation
betweenthe variables(r=0.334, p<0.001) Importantly, patientswith previous myocardial
infarction,co-existingcongestiveheartfailure, peripheralarterialdiseaseandcerebrovascular
diseasaveresignificantly olderthanthosewithout theseconditions(p<0.001for each).

Summarie®f multivariateanalysisarepresentedn Table2. Theexclusivepredictorof
mortalitywasaC C | (©31.50;0R=4.48;Cl: 1.57-12.80);in accordancethe main predictor
of severeAP wasaC C | (@30.74;0R=2.1Q Cl: 1.084.09),thoughthemiddle- andold-aged

wereexposedo a severespisodewith ahigh OR of borderlinesignificance

. Deceased vs. survivors Severe vs mild AP LOH<9 daysvs LOH>9 days
Variables B OR (95% CI) p-value B OR (95% CI) p-value B OR (95% CI) p-value

Age categories

18-34 y (young-aged) NA* NA* 0.961 0 1 (reference) 0 1 (reference)

35-64 y (middle-aged) 0.76 0.76 (0.35-1.67) 0.493 200  740(099-5531)  0.051 | 0.62 1.86 (1.22-2.83) 0.004

> 65 y (old-aged) 0 1 (ref) 193  692(0.91-5270) 0062 | 040  1.50(0.96-2.33) 0073
Comorbidity categories

CCI=0 (none) 0 1 (reference) 0 1 (reference) 0 1 (reference)

CCI=1 (mild) 0.11 1.12 (0.32-3.90) 0.863 0.04 1.04 (0.52-2.08) 0.911 0.00 1.00 (0.75-1.34) 0.983

CCI=2 (moderate) 0.09 1.10 (0.26-4.68) 0900  -0.02  098(0.45-2.24) 0960 | 030 1.35(0.95-1.92) 0.092

CCI>2 (severe) I 1.50  4.48(1.57-12.80) 0.005 I 0.74 2.10 (1.08-4.09) 0.029 | 0.15 1.16 (0.83-1.62) 0.387

Table 2. Joint effect of agingand comorbiditieson the outcomesof acutepancreatitis Red highlightsindicatep<0.05,orangehighlights
indicatep<0.10butO 0 . AP5acutepancreatitisCharlsonComorbiditylndex; Cl: confidenceanterval; LOH: lengthof hospitalizationjNA:
notapplicable,OR: oddsratio.’analysisis impossibledueto zeroevents.

In univariateanalsis, out of the six comorbiditiesassociatedvith higher mortality,
moderate/sevellever diseaseandmetastatisolid tumorsprovedto bethestrongespredictors
(OR=8.04,Cl: 2.22-29.13and OR=8.47,CI: 1.7840.23, respectively).Peripheralvascular
diseasescerebrovasculadiseasesand diabeteswithout complicationspredictedsevereAP.
Patientswith mild liver diseasesveretwo timesmorelikely to developlocal complications,
includingnecrotizingpancreatitifOR=1.86,Cl: 1.252.75).



l.5. Discussion

Herewe providethefirst detailedmetaanalysison the effectsof agingon AP. Aging
hasbeendemonstratedo play animportantrole in AP; however,dueto the lack of detailed
mathematicahnalysisthereis a greatdifferencebetweerthe cut-off valuesusedin predictive
scoringsystems 22,

One main observatiorwasthat up until 59 yrs (this cut-off valuewasmathematically
calcubkted),both severityand mortality rise linearly (Figure 2 and 3). The rate of severity
increase$.193%/yearandmortality grows0.086%/yearIt hasbeendocumentedhatalmost
all deathcasescomefrom the severeAP group;therefore we canassumehat althoughthe
numberof severecasesiseseveryyear,therisk for mortality in severeAP remainsconstanat
around20%"’.

We foundthataboveb9 yrs the mortality raterapidly increasesmeanwhile the rate of
severepancreatitisfollows a slightly elevatedpattern(Figure 2 and 3). Thesedata clearly
suggesthatadditionalfactorswhich arelacking or rarebelow 59 yrs also affect mortality in
AP. Oneof thebestcandidatesesponsibldor theincreaseclevationof mortality in elderlyis
definitely co-morbidity. It hasbeenshownthatthe burdenof co-morbiditiesincreasesvith age
2325 In addition, it hasbeenalso reportedthat the outcomeof AP is worsenby severeco-
morbidities?”#3 Thereforewe canhypothesizehattheelevationof severityandmortality with
ageis attributedto co-morbidity ratherthanageing.

The incidenceof severeAP in patients however,showeda continuous,linear rise
betweerthe agesof 20 and 70 (0.193%/year)of up to 16.6%.The mortality ratewas0.9%in
patientsunder20 anddemonstrated continuousncreaseauntil theageof 70. Themortality rate
between20 and59 grew 0.086%yearand0.765%/yeabetween59 and 70. Overall, patients
above70 hadamortality rate 19 timeshigherthanpatientsunder20. Therise of mortality rate
with agewasthusalsoconfirmed.This resultcompletelyconfirmsthe observatiorof Ranson
etal. thatageis associateavith a significantlyincreasedisk of deathover55 yrs. 2084 Imrie
etal. ® modifiedthe scoringsystemhowever theystill considerecageabove60 asavaluable
parameterBalmey et al. 2° evaluateda prospectivestudy with 347 patientsin a sevenyear
periodto simplify the systemandto improveits accuracyWith regad to age,theyalsofound
the cut-off pointat55yrs.

The BISAP scoring systemwas establishedas the first populationbasedprognostic
scoringsystemin orderto evaluatethe risk of in-hospitalmortality prior to the onsetof organ

failure 1. The CART analysisidentified age above 60 yearsfor prediction of in-hospital
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mortalitybasedn parametersollectedin 2000 2001in thefirst 24 h from a patientpopulation
of 17922 sufferingfrom AP 17,

In summarythe predictivescoringsystemscorrespondvith our resultsthat mortality
risesquickly aboveb9 yearsof age.Thesedatasuggesthatotherfactorssuchascomorbidity
maybeassociateavith olderageandcanelevatehemortalityin AP. Importantly,ouranalysis
showedthatseverecomorbidities( C C | ppeBligtmortality (OR=4.48;Cl: 1.57-12.80)much
betterthanage,suggestinghat comorbidityis animportantadditionalpredictorfor mortality
(Figure 6).

MORTALITY ‘SEVERlTY
_ AN _
20 b 20 .
\Q @\"(\
15 — 6@3 ~ 15 — o o
g £ X
10 — s 10 — e@
S &
5 — — —
pGING |
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0 20 30 40 50 60 70 0 20 30 40 50 60 70
AGE (Years) AGE (Years)

Figure 6. Model for the joint effect oAging and comorbidities on mortality and severity A The excess in mortality in the elderly is like
to be explained by the increment in comorbidities with agintp contrast, age seems to be the strongest predictor of the severity of
pancreatitis, whereas comorbidities have a less prominent effect.

V. Chaptenl
V.1 Introduction

Despitethe extensiveresearchn thefield, no specifictherapyis availableto treatAP
46 With regardto the pathomechanisrof the diseaseit is clearthat mitochondrialinjury and
ATP depletion play key rolesin the early phaseof AP almostirrespectivelyof the etiology of
the diseas€®®°, Bile acids,ethanol,andfatty acidswere shownto be responible for around
80%of theetiologicalfactorsinitiating AP . All of thesefactorswereshownto induceatoxic
calcium signal and severemitochondrialdamagein both acinarand ductal cells 1290295,
Importantly,direct administrationof ATP (i.e., energy)into the cells restoredtheir functions
and preventedcell death®:%". Therefore,if we take a translationalapproachijt is morethan
likely that patientenergyintakewould be beneficial.Not surprisingly,enteralnutrition (EN)
hasalmostbeentheonly therapeutichangen recentdecadeso be highly beneficialandto be
widely utilized in severeAP (SAPY8. However,in mild andmoderateAP (MAP), the primary

11



therapyis still thenil perosdiet(NPO)®. Sincetheresultsin basicsciencehavedemonstrated
the crucial role of energybreakdownin the early phaseof AP, in this chapterwe focusedon
providing evidencewvhetherearlyenteralfeedirg is beneficialin AP.

V.2 Aim
The major aim of this chapteris to understandvhetherenteralfeedingshouldbe the

primarytherapyin the early phaseof AP.

V.3 MaterialsandMethods
A randomizedcontrolledtrial (RCT) is the only type of clinical scientific methods
which canreduceselectionbiaswhentestinga new treatmentHowever,beforeperforminga
time consumingexpensiveRCT a metaanalysiss crucially important.
() If the metaanalysisis decisive,no RCT is neededThe interventioncanbe
usedin clinical practicedirectly.
(i) If the metaanalysis suggestsa significant difference but has several
limitations, RCT shouldbe performed.
In this chapterfirstly we performeda metaanalysisandthanwe developeda prestudy
protocolfor anRCT.

IV.3.1 Article Searchfor the metaanalysis

A metaanalysiswas performedusing the preferredreporting items for systematic
review and metaanalysis (PRISMA)’. An article searchwas performedin the PubMed,
EMBASE, andCochranedatabasem February2016.ThePICOprocessvasusedio frameand
answerour clinical questionsWe split our datainto two groups:SAPandMAP. In SAP,only
three primary endpointswere checked (mortality, multiorgan failure, and intervention),
whereasn MAP, dueto thelow amountof data,14 secondargndpointsverecollectedbesides

theprimaryendpointsAll detailsaredescribedn the mainthesisdocument.
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V.4
V.4.1

Results

Theeffectsof earlyenteralfeedingin severeAP

Sevenout of sevenarticlescontainedanalyzabledataon mortality 100.106:109.117.119,12627

Risk differencesand Cl werecalculatedn eacharticleto analyzethe effectsof EN compared
to theNPOnutrition. Thecalculatedcaverageisk difference(RD) wast 0 . (Qdwvé limit (LI):

Study Statistics for each study mortality / Total Risk difference and 95% CI
Risk Lower Upper
difference limit  limit p-Value EN NPO
Doley et al., 2009(16] 0.040 -0.173 0.253 0712 5/25 4/25
Eckerwall et al., 2006(17] 0.042 -0.064 0.148 0441 1/24 0/26
Kalfarentzos et al., 1997(18] -0.044 -0213  0.124 0.606 1/18 2/20
Sun et al., 2004 [19] -0.060 -0.207  0.087 0423 7/50 10/50
Sun et al., 2013 [20] 0.033 -0.077 0.143 0552 2/30 1/30
Wang et al., 2013[21] -0.067 -0.165 0.030 0176 3/61 7/60
Wuetal, 2010(22] -0.313  -0470 -0.156 0.000 6/53 23/54 —.-—
-0.050 -0.134  0.035 0.249

EN NPO

Figure 7. Forestplot of studiesevaluatingmortality datain severeacutepancreatiti{SAP).
Risk differencesandconfidencenterval (Cl) werecalculatedo comparethe enteralnutrition
(EN) with thenil perosdiet(NPO).Black squaresndlinesrepresentheresultsfor individual
studiesthediamondshowsthe pooledresultof the metaanalysis.

Study Statistics for each study mortality / Total Risk difference and 95% CI
Risk Lower Upper
difference limit  limit p-Value EN NPO
Doley et al., 2009(16] 0.040 -0.173 0253 0712 5/25 4/25
Eckerwall et al., 2006(17] 0.042 -0.064 0148 0441 1/24 0/26
Kalfarentzos et al., 1997(18] -0.044 -0213  0.124 0606 1/18 2/20
Sun et al., 2004 [19] -0.060 -0.207  0.087 0423 7/50 10/50
Sun et al., 2013 (20} 0.033 -0.077 0.143 0552 2/30 1/30
Wang et al., 2013 [21] -0.067 -0.165 0.030 0176 3/61 7/60
Wu et al,, 2010(22] -0.313  -0.470 -0.156 0.000 6/53 23/54 —'—
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-0.50 -0.25 0.00 0.25 0.50

EN NPO

Figure 8. Forestplot of studiesevaluatingmultiorgan failure (MOF) in severeacute
pancreatitifSAP). Oddsratio (OR) andconfidenceinterval (Cl) werecalculatedo compare
theenteralnutrition (EN) with thenil perosdiet (NPO).Black squaresandlinesrepresenthe
resultsfor individual studiesthediamondshowsthe pooledresultof the metaanalysis.

Figure 9 Forestplot of studiesevaluatingintervention in severeacutepancreatitis(SAP).
Oddsratio (OR)andconfidencenterval (Cl) werecalculatedo compareheenteralnutrition
(EN) with thenil perosdiet(NPO).Black squaregndlinesrepresentheresultsfor individual
studiesthediamondshowsthe pooledresultof the metaanalysis.

13

10.134; upper limit (UI):
0.035; 0.249)

(Figure 7). Becauseof the

p-value:

considerablehetergeneity
(Q = 16.488;DF: 6; p =
0.011; 12 = 63.61%)
randomeffect model was
applied. Four out of seven
articles contained

analyzable data on
multiorgan failure (MOF).
With regard to MOF, the
calculatedodds ratio (OR)
was 0.258 (LI: 0.072; Ul:
0.930; 0.038;
heterogeneityQ = 13.833;
DF: 3; p = 0.003; 12 =
78.31%) in favor of EN
(Figure 8). With regardto

p-value:

interventions,a fixed-effect
model was used. The
calculated average odds
ratio (OR) was 0.162 (LI:
0.079; Ul: 0.334; p-value:
<0.001;Q =7.221;DF: 3; p
=0.065;1?=58.45%)alsoin
favor of EN (Figure 9).
Because of the moderate

heterogeneitythe random






























