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Abstract

CardiohepaticSyndromeamongHeartFailurePatientsinYemen

Aimsofthestudy:Thepresentstudywasaimedtoinvestigatetheclinical

patternsofcardiohepaticsyndromeamongpatientswithheartfailureattending

severalprivateandpublichospitalsinSana’acity,Yemen.

Methods:Thestudywasaclinicalcross-sectionalstudyperformedonpatients

withheartfailureadmittedtothemedicaldepartmentsatseveralprivateand

publichospitalsinSana’acitybetweenJuly1,2021andDecember31,2021.

Results:Atotalof162diagnosedcasesofcardiohepaticsyndromewerestudied.

Malepatientswere117(72.2%)andfemalepatientswere45(27.8%).Theageof

patientswithcardiohepaticsyndromerangedbetween0.5and81years.The

resultsofthe presentstudyshowed thatmostpatientswith cardiohepatic

syndromeagedbetween41and70years(66.1%).Mostcardiohepaticsyndrome

patients were admitted to Lebanon hospital(75.3%)followed by Althawra

hospital (10.5%). Patients with cardiohepatic syndrome most frequently

presentedwithedema(56.2%),pallor(40.7%),andcyanosis(25.3%).Otherless

frequentsingswereicterus(8.6%)andclubbing(8%).Theaveragepulseratesin

cardiohepaticsyndromepatientswas94ppm (maximum 142and37minimum),

theaveragesystolicblood pressurewas118mmHg (maximum 200and 60

minimum),andtheaveragediastolicbloodpressurewas75mmHg(maximum

120andminimum 40).Thelaboratoryinvestigationsthatwereperformedforthe

patientstoassessliverfunctionincludedTotalbilirubin,Directbilirubin,Indirect

bilirubin,AST,ALT,ALP,Totalprotein,Albumin,Prothrombintime,andActivated

partialthromboplastin time.Additionally,routine complete blood countand

kidneyfunctiontestswereperformed.Largeproportionofpatients(55.7%)had

heartfailurewithpreservedejectionfraction(HFpEF)while28.2%ofthepatients

hadheartfailurewithreducedejectionfraction(HFrEF).Minority(9.9%)ofthe

patientshadheartfailurewithmid-rangeejectionfraction(HFmrEF)and6.1%of

thepatientshadnormalejectionfraction.

Conclusions:Cardiohepatic syndrome presents with a full-range ofsigns,
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symptoms,andlabtestdeviations,andismoreprevalentinmale,middle-aged

heartfailurepatients.Cardiohepaticsyndromeisalsomorelikelyinpatientswith

reducedejectionfraction.
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1.1Introduction

Heartfailure (HF)is a majorpublic health problem,with

frequenthospitalizations,impairedqualityoflife,andshortenedlife

expectancy[1].AsHF advances,itisoften characterized byan

increasinginabilitytomeetthemetabolicrequirementsofendorgans

orskeletalmuscle.Whilemuchattentionhasbeendirectedtoward

theintersectionofHFandrenalfunction,theimpactofHFonhepatic

functionhasbeenpoorlydescribed.

Similartothenow widelydescribed“cardiorenal”syndromes,

moreattentionisneededindescribing“cardiohepatic”interactions.

Overthelastseveralyears, anumberofstudieshavedescribedpoor

outcomes associated with the development of cardiorenal

syndromes,aswellaspotentialsolutionstomitigatefurtherrenal

injurywhiletreatingHF[2].Incontrast,muchlessisknownabout

impairedliverfunctioninpatientswithHF.Furthermore,HFpatients

may present with liver-related symptoms including abdominal

distention,intermittentrightupperquadrantdiscomfort,nausea,early

satiety,oranorexia.Thepresenceofthesesymptomsmaydirecta

primary gastrointestinalevaluation ratherthan consideration of

primary cardiacpathology,therebycreatingadelayintheinitiationof
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life-prolonginginterventions.

Abnormalitiesin liverfunctiontests (LFTs)arenotanuncommon

finding in patients with HF.These abnormalities are a resultof

impairedperfusionorelevatedright-sidedcardiacpressures,orare

secondaryto drugtoxicity.Attemptsatdescribingthefeaturesof

chronicliverdamagesecondarytoHFhavebeenongoingsincethe

early20thcentury[3,4].Nevertheless,neitherthepathophysiologic

basisunderlyingthesefindingsnortheclinicalimpactofimpaired

liverfunctiononHFoutcomeshavebeenclearlydelineated.

1.2Aimsofthestudy:

Generalobjectives:

Thepresentstudywasaimedtoinvestigatetheclinicalpatterns

of cardiohepatic syndrome among patients with heart failure

attendingseveralprivateandpublichospitalsinSana’acity,Yemen.

Specificobjectives:

1.Tostudyprevalenceofliverfunctionabnormalitiesinheartfailure

patientsusingliverfunctiontests.

2.TocorrelatetheliverfunctiontestsabnormalitieswithClinical,

BiochemicalandRadiologicalseverityofheartfailurepatients.

3.To highlighthow chronic liverdiseases may impaircardiac
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performanceand induceelectrophysiologicalabnormalitiesin the

absenceofothercardiacdiseases.
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2.LiteratureReview

1.Introduction:

Heartfailure(HF)isamajorpublichealthproblem leadingto

frequenthospitalizations,impairedqualityoflife,andshortenedlife

expectancy.Heartfailure leads to a chronic inability to meet

metabolicrequirementsofendorgansorskeletalmuscle. Formany

years,amutualinteractionbetweentheheartandtheliverhasbeen

established.Avicenna first pointed out the interactive effects

betweenthesetwoorgansinhisfamousbooktitledas“Canon”(The

Law).Thisinteractionwasdescribedasdominanceofthe“heart

warmth”over“livercoldnessandwetness”andthedominanceof

“liver dryness” over “heart wetness”. According to traditional

medicine,eachorganiscomposedoffourtemperamentswherethe

“wetness”and“dryness”areconsideredasaspectrum of“tissue

moistures”,while“warmth”and“coldness”mayberegardedasthe

basic metabolism ofthe organ.In normalcondition,the heart’s

temperamentis“warm”and“dry”andthelivertemperamentis“warm”

and “wet”.According to Avicenna,the presence ofimbalance

betweenthetemperamentsofhumanbodydescribesthestateof

illness ororgan disorder[1].Both heartand liverdiseases are
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regardedasaseriousburdenonhealthsystem andaleadingcause

ofdeteriorationofqualityoflifeandshortenedlifeexpectancy.

2.TheheartasaCauseofLiverDisease

2.1.CongestiveHepatopathy

Congestivehepatopathyorchronicpassivehepaticcongestionrefers

tothecongestionofliverparenchymainducedbyimpairedhepatic

venousoutflowsecondarytoaright-sidedcardiacfailure(Figure1a).

Figure1:Thesuggestedmechanismsunderlyingthecardiohepaticinteractions

inthesettingofmainheartandliverdysfunctions.(a)Congestivehepatopathy

ismostcommonlyobservedinvalvularheartdiseases,cardiomyopathy,left

heartfailure,and constrictivepericardialdisease.(b)An acute decrease in

cardiacoutputmayresultincardiogenicischemichepatitis.(c)Inlivercirrhosis,

the combination of portalhypertension,impaired cardiac beta-adrenergic

responsiveness,andcardiacextracellularmatrixremodelingisinvolvedinthe

developmentofcirrhoticcardiomyopathy.(d)Stresscardiomyopathyisanacute
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heartfailuresyndromethatmayappearintheperioperativeperiodafterliver

transplantation.(e)Insulinresistance,subclinicalinflammation,oxidativestress,

ectopic fat deposition, atherosclerosis, and endothelial dysfunction are

consideredthemainmechanismslinkingNAFLDwithcardiaccomplications

2.1.1.PathophysiologyandPresentation

The underlying pathophysiologicalmechanisms include increased

hepaticveinpressures,decreasedhepaticbloodflow,anddecreased

arterialoxygensaturation[2,3].Maincardiacconditionsassociated

with congestive hepatopathy include valvulardiseases (tricuspid

regurgitationandmitralstenosis),cardiomyopathy,leftheartfailure,

andconstrictivepericardialdisease[4,5].A growingpopulationof

patientsathighriskforthedevelopmentofchronicpassivehepatic

congestionisrepresentedbyadultswithsingleventriclecongenital

heartdisease who have undergone surgicalpalliation with the

Fontan’sprocedure.Thissurgicalprocedureconsistsofconnectinga

single working heartventricle to the systemic circulation while

allowingpassivevenousreturntothepulmonaryarteries.Overtime,

centralvenouspressure increasesand cardiacoutputdecreases

resultinginseverehepaticcongestion[6].

Congestivehepatopathyisusuallysubclinical.Whensymptomatic,

patientsmaypresentwithearlysatiety,malaise,mildjaundice,or
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intermittentrightupperquadrantpainsecondarytodilatationofthe

livercapsule.Physicalexaminationistypicallydominatedbysignsof

cardiacfailureincludingjugularveindistension,hepatojugularreflux,

andperipheraledema.Spiderangiomata,splenomegaly,andvarices

arerarelypresent[5,7].Thepresenceofesophagealvaricesindicates

anelevatedtranshepaticpressuregradientduetoprogressiontoward

liverfibrosis[8].Inaddition,presenceofpulsatilelivercanbenoticed

in the setting oftricuspid valve regurgitation.The loss ofthis

pulsatility overtime suggests the progression from congestive

hepatopathytosecondarylivercirrhosisknownascardiaccirrhosis,a

term grouping allthe hepaticdisordersthatoccursecondaryto

hepaticcongestionduetocardiacdysfunction,mainlytherightheart

[9].

2.1.2.BiochemicalPattern

Primarylaboratoryfindingincongestivehepatopathyisrepresented

by mild hyperbilirubinemia,with a predominantly unconjugated

fraction [3]. Elevations in markers of cholestasis (alkaline

phosphatase(ALP)andgamma-glutamyltransferase(GGT)arealso

characteristicofcongestivehepatopathyandhavebeenshownto

correlatewithrightatrialandcentralvenouspressures[10,11].
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Mildhypoalbuminemiaandascitesmaybepresentinpatientswith

congestivehepatopathy.Inthesepatients,thestateofinadequate

nutrition and hemodilution due to heart failure contributes

substantiallytotheaggravationofhypoalbuminemia[12].

2.1.3.Histopathology

Morphologically, congestive hepatopathy is associated with

characteristicchangeswithintheliverparenchyma[3,13,14].Elevated

hepaticvenouspressureistransmittedtolobularhepaticvessels

inducinganenlargementofsinusoidalfenestrae[5].Thedilatationof

hepaticsinusoidsiscorrelatedwithdegreeofvenouspressureand

resultsintheexudationofredbloodcellsandproteinrich-fluidinto

the perisinusoidal space of Disse [5]. Prolonged perivenular

congestioninducestheso-calledcardiaclivercirrhosischaracterized

by localsteatotic changes,atrophy,and/ornecrosis within the

centrilobularhepatic parenchyma (zone 3).Overtime,this may

progressindepositionofsinusoidalcollagetoform broadfibrous

septathatextendbetweenadjacentcentralhepaticveins[15].This

pattern ofbridging fibrosis produces a typicalhistologic aspect

referredas“reverselobulation”[16].Thedegreeoffibrosisvaries

withinthespatialregionsofthelivers.Thisheterogeneityislikely
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relatedtothefibrogeniceffectsoffocalthromboticeventswithinthe

hepaticvenulesandsinusoidsduetothechronicvascularcongestion.

Thegrosspathologicalappearanceofaliveraffectedbychronic

venous congestion has been described as “nutmeg liver”.This

speckledappearanceisduetotheextravasationofredbloodcells

from the centrilobularsinusoids,which leads to reddened areas

withinthehepaticparenchyma[17].

2.1.4.Management

Treatmentofcongestivehepatopathyconsistsmainlyoftreatingthe

underlying cardiac disease and improvementofcardiac output.

Diureticsrepresentthemainstayofpharmacologicaltherapy.Unless

contraindicated,angiotensin-convertingenzyme(ACE)inhibitorsand

betablockersareindicatedinsymptomaticcongestiveheartfailure.

A surgicalapproachmaybeindicatedinthecaseofconstrictive

pericarditis, severe valvular heart disease, and ischemic

cardiomyopathy[9,18].Forpatients with end-stage heartfailure,

temporaryleftventricularassistivedevicesupport(LVADs)orcardiac

transplantationmayhelptoimprovecongestivehepatopathy[19,20].

2.2.CardiogenicIschemicHepatitis

Cardiogenicischemichepatitis,knownalsoasacutecardiogenicliver
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injury,isaclinicalandhistologicalsyndromecharacterizedbyarapid

andtransientriseinserum transaminaselevelsduetoacutefallin

cardiacoutputleadingtothereductionofhepaticbloodflow [21]

(Figure1b).

2.2.1.PathophysiologyandPresentation

Cardiogenicischemichepatitishasbeenestimated to emergein

20–30% of patients with acute heart failure [22]. The

pathophysiologicalmechanismsinvolvedinthisacuteliverdamage

aremainlyrelatedtochangesofhepaticbloodflow.Inphysiological

conditions,hepaticbloodflowaccountsforabout20%ofthecardiac

output,deliveredtotheliverviathearterialhepaticsystem andthe

portalvein.Reducedportalvenousflow,duetoadecreaseincardiac

bloodflow,leadstoariseinadenosinelevelswhichissynthesizedby

livercellsandKuppfercells.Theincreasedadenosinelevelsinduce

an apparently protective hepatic artery dilatation via an

autoregulatory mechanism known as “hepatic arterial buffer

response”[23].Nevertheless,whenhypotensionispersistent,visceral

flowiscriticallyreducedandseverehypoxemiadevelops,leadingto

hepatocellular hypoxia and necrosis after overwhelming the

compensatorymechanisms[24].
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An acute cardiogenic liverinjury is usually related to an acute

coronaryevent,cardiacarrhythmia,ortransientseverehypotension

[25].Findingsfrom aretrospectivestudydemonstratedthatacute

declineinhepaticperfusionduringcardiogenicshockisnotthesole

incidentunderlyingthedevelopmentofacuteliverinjury.Theanalysis

proposedthathepaticvenouscongestionduetoright-sidedheart

failurepredisposestoacutehepaticinjuryinducedbyhypotensive

event[21].

Inanotherreportofpatientswithclinicalandbiochemicalevidenceof

acuteliverinjuryadmittedtothecoronaryintensivecareunit,the

presenceofacuteliverinjuryhasbeenshowntobeassociatedwitha

decrease in hepatic blood flow and passive hepatic venous

congestion [24].Additionally,Birreretal.showed thatsystemic

vascularresistanceandmeanpulmonarycapillarywedgepressure

wereelevatedinpatientswithacutehypoxicliverinjury[26].Taken

together,thesefindingssuggestthatthecombinationofhepatic

venouscongestioncoupledwithacutecardiaceventisrequiredfor

thedevelopmentofacutecardiogenicliverinjury.

Acute cardiogenic hepatitis is usually asymptomatic.However,

clinicalsignsmayappearafteralatencyperiodof2–24h.Most
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commonly, patients exhibit symptoms resembling acute viral

hepatitissuchasweakness,apathy,and,inaminorityofcases,

mentalconfusion,flapping tremor,oliguria,jaundice,and hepatic

coma[25,27].

2.2.2.BiochemicalPattern

Thediagnosticapproachofcardiogenicischemichepatitisisusually

basedonclinicalpresentationandlaboratoryfinding.Non-invasive

imagingasabdominalultrasoundcanbesupportivebyshowingsigns

livercongestionasdilationofthesuprahepaticveinsandinferior

venacava[28].Pulmonaryhypertensionandimpairedsystolicleft

ventricularfunction arefrequentlyobserved byechocardiography.

Otherimagingtechniquessuchasmagneticresonanceorcomputed

tomographyorimaging,maybeimpliedtoexcludeothercausesof

liverinjury[28].

Thetypicalpatterninlaboratorytestsconsistsofrapid,transient

rises in serum aminotransferase (aspartate [AST]and alanine

aminotransferase[ALT])andlactatedehydrogenaselevels(LDH)with

peaklevelsreachingbetween10and20timestheupperlimitof

normal[3,29].

Theratioofserum ALTtolactateLDH lessthan1.5earlyinthe
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courseofliverinjuryischaracteristicofcardiogenicinjury[30].After

correction ofthe underlying process,these liverenzymes drop

graduallyandreachnormalvalueswithin7–10days[3].Othernon-

specificlaboratoryabnormalitiesincludeanelevationintotalserum

bilirubinlevels.Inaddition,InternationalNormalizedRatio(INR)can

beprolongedduetodeficiencyoflivercoagulationfactors[31].

2.2.3.Histopathology

Themainhistologicfeatureofacutecardiogenicischemichepatitisis

characterizedbyhepaticnecrosisaroundthecentralhepaticveins

(zone3),aconditionknownascentrilobularnecrosis.Thiszonehas

thepoorestoxygendelivery,andwillbemostaffectedduringalow

hepaticbloodflow [3].Incasesofprolongedcirculatorycollapse,

necroticchangesmayextendtomidzonalperiportalsegments(zone

2)[3,32].

2.2.4.Management

The managementofcardiogenic ischemic hepatitis focuses on

identifyingandremovingtheprecipitatingcause.Thismayinclude

medicationswithhypotensiveornegativeinotropiceffectsandother

medicationsthatlikelymayinduceimpairmentofrenalfunction.

Whenneeded,administrationofoxygenandpositiveinotropicagents
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mayhelptorestoreanadequateorganperfusion[33].

3.TheLiverasaCauseofHeartDisease

3.1.CirrhoticCardiomyopathy

Cirrhoticcardiomyopathy(CCM)wasfirstdescribedinthelate1960s,

althoughformanyyears,itwasmistakenlypresumedtoresultfrom a

latentalcoholiccardiomyopathy[34].CCM representsaclinicalentity

inpatientswithcirrhosischaracterizedbyacombinationofimpaired

myocardial contractile responsiveness to stress, diastolic

dysfunction along with electrophysiologicaldisturbances,in the

absence ofotherknown cardiac disease [35,36].Although the

diagnosisofCCM isusuallymissedordelayed,itwasestimatedthat

thisconditioncanbepresentinupto50%ofpatientswithcirrhosis

(Figure1c)[37].

3.1.1.PathophysiologyandPresentation

HyperdynamicCirculation

Inhepaticcirrhosis,portalhypertensionresultsinsplanchnicarterial

vasodilationduetothereleaseofpotentialliver-derivedvasodilators

factorssuchascarbonmonoxide,nitricoxide,and prostacycline

[38,39].This leads to reduced systemic vascularresistance,low

arterialbloodpressure,increasedsplanchnicbloodredistribution,and
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centralhypovolemia[40,41].Thestateofcentralhypovolemiaisalso

enhanced through the portosystemic shunting and bacterial

translocation.Takentogether,theseprocessesinduceanactivation

ofsympathetic nervous system with consequenthyperdynamic

circulationduetoanincreaseofheartrateandcardiacoutput[42].

SystolicDysfunction

Patientswithlivercirrhosispresentanimpairedventricularejection

of fraction under physicalstress compared with non-cirrhotic

subjects.Thisismainlyrelatedtoinadequateheartrateresponseand

decreasedmyocardialcontractilityunderexercise[43,44].

Alterationsinβ-adrenergicreceptorfunctionatthemembraneof

cardiac muscle cells have been shown to be involved in the

myocardialhyporesponsiveness of cirrhotic patients.Itis well

accepted thatthelong-term exposureofcardiomyocytesto high

levelsofnoradrenalinusuallypresentincirrhosisduetoenhanced

sympathetictoneresultsininternalization,sequestration,anddown

regulationofβ-adrenergicreceptorsonplasmamembrane[45,46].

Experimentalfindingsfrom animalmodelssuggestedthatnitricoxide

(NO)couldplayanegativeinotropiceffectinheartofcirrhoticrats

[47].TheactivationofNO-pathwayinhearttissueofcirrhoticratshas
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been shown to beatleastin partrelated to the stimulation of

inducible NO synthetase (iNOs)through the elevated levels of

proinflammatorycytokinessuchasinterleukin1beta(IL-1β)and

tumor necrosis factor alpha(TNF-α) [48]. In this regard,the

endocannabinoid system has been shown to contribute to the

decreased contractility of cardiomyocyte in experimentalliver

cirrhosis[49].Theincreasedendotoxemiawhichmayoccurinliver

cirrhosishasbeenshowntoenhancetheproductionofmacrophage-,

lymphocyte-andplatelet-derivedendocannabinoids[50].

Inthiscontext,arachidonoylethanolamide(AEA)oranandamideand

2-arachidonoylglycerol (2-AG) are the most widely studied

endocannabinoids,exerting their effects via G protein-coupled

cannabinoidreceptors(CBRs).Theactivationofcannabinoidreceptor

type1(CB-1)hasbeenshowntodecreasethecontractileresponseto

β-adrenergicagonists.Thiscardiacadrenergicresponsivenesswas

restored byblockageofCB-1 receptor[51].In addition,elevated

cardiaclevelsofanandamidehavebeenshowntomediateatleastin

parttheinhibitoryeffectsofTNF-αoncardiaccontractility[52].

DiastolicDysfunction

Abnormalities ofdiastolic dysfunction are considered an early
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manifestation of CCM, and frequently precede the systolic

dysfunction.Leftventriculardiastolicdysfunctionischaracterizedby

a decrease in the rate and degree ofleftventricularrelaxation,

togetherwithpresenceelevatedend-diastolicfillingpressures[53].

Unlikecontractilesystolicfailure,whichusuallyappearsunderstress

conditions,echocardiographicfindingsofdiastolicdysfunctioncan

also manifestatrest[54].However,its underlying mechanisms

remain to be fullyelucidated.In a ratmodeloflivercirrhosis,

alterationsintitinproteinmodulationhavebeenshowntobean

importantdeterminantofdiastolicstiffnessinCCM.Titinisagiant

multi-functionalsarcomericfilamentthatprovidespassivestiffness

to cardiomyocytesand thusresponsible fortheelasticityofthe

relaxed striated muscle[55].Moreover,itwashypothesized that

abnormalitiesinthecardiacβ-adrenergicsignalingpathwayinducea

decreaseinproteinkinaseA(PKA)levelsthatmayultimatelyimpair

phosphorylationoftitinandsubsequentlyincreasepassivetensionof

leftventricle.Additionally,areducedlevelofPKAinducesadecrease

inPKA-dependentcardiactroponinI(cTnI)phosphorylation,which

leadstodecreaseddissociationofcalcium from cardiactroponinC

(cTnC)andthusmayalterrateofcardiacmusclerelaxation[56].
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Livercirrhosiswasassociatedwithchangesinexpressionofcollagen

isoformsinventricularhearttissuehasbeenshowntobeinvolvedto

correlatewithdiastolicdysfunctionincirrhosis.Ventricularcardiac

tissuederivedfrom cirrhoticratsshowedanincreasedcollagentype

1 content compared with sham animals,which subsequently

contributessignificantlytodiastolicdysfunctionbyincreasingthe

passivecardiacstiffness[55].

ElectrophysiologicalModifications

AprolongedQTintervalrepresentsacommonelectrocardiographic

finding in patientswith cirrhosisand served aspredictorofthe

increasedriskofventriculararrhythmiaand/orsuddendeath[57].QT

prolongation has been attributed to the downregulation of β-

adrenergicreceptorsafterchronicexposuretonoradrenalin[58].In

addition,elevatedbilesaltsaswellasuricacidplasmalevelhave

been shown to predisposeto prolonged QT intervalsin cirrhotic

patients[59].

ChronotropicincompetenceisanotherconsistentfindinginCCM,and

referstotheinabilityofthehearttoincreaseadequatelyitsrateto

match the metabolic demands. Cardiovascular autonomic

dysfunction has been suggested to play a role in enhancing
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chronotropicincompetenceinpatientswithCCM [60].

3.1.2.DiagnosticApproach

ConsideringthesubclinicalpictureofCCM inthemajorityofpatients,

thediagnosticapproachinvolvesacombinationoflaboratory,clinical,

electrocardiographic,andimagingevaluations.Electrocardiographic

assessments may be helpfulto identify cirrhotic patients with

prolongations ofQT intervaland arrhythmias.Echocardiographic

evaluationoftheleftventricularsystolicfunctionusuallyshowsa

reductionofventricularejectionoffractionatrestorunderstressin

responsetocatecholaminestimulationinthecaseofsubtlesystolic

dysfunction.Diastolic impairmentin CCM manifests mainly by

reducedearly(E)ventricularfillingcapacityandincreasedatrial(A)

filling (E/A<1.0),in addition to prolongation ofdeceleration time

(>200ms)andisovolumetricrelaxationtime(ITVR>80ms)[61].

Biomarkersforcardiacdysfunction(cTnI,B-typenatriureticpeptide

[BNP],and[pro-BNP])mightbeelevatedinearlystagesofCCM and

usuallyreflecttheseverityofliverdisease[62].

3.1.3.Management

CCM complicatesseveraltherapeuticapproachesusedincirrhosis

and heartfailure.Although beta blockers are contraindicated in
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decompensatedcirrhosiswithascites,thesedrugshavebeenshown

to normalize the prolonged QT intervaland mightreduce the

hyperdynamic load [63].ACE inhibitors and angiotensin receptor

blockers(ARBs)arecontraindicatedinpresenceofascitesbecause

oftheriskofhypotensionandhepatic-renalsyndrome[63].LTmay

beaneffectivetreatmentforend-stageliverdiseaseassociatedwith

CCM sinceithasbeenshowntoreversecardiacdysfunctionand

electrophysiologicalabnormalities [63].However,many cardiac

complicationshavebeenreportedinpatientswithCCM undergoing

LT[64].

3.2.LiverTransplantation

Cardiovasculareventsandmainlyheartfailurerepresentaprimary

sourceofmorbidityandmortalityfollowingLT.Heartfailuremay

haveanearly-onset(within30daysaftertransplantation)orinother

casesmayoccurlate(>30days).Inthepostoperativeperiod,heart

failuremayreachanoverallincidenceof3.3%andmaybeassociated

withamortalityriskof45%[65](Figure1d).

Stress-InducedCardiomyopathy

ClinicalPresentation

The cardiovascularstress due to surgeryis considered a main
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contributorofearly heartfailure in livertransplanted patients.

Takotsubocardiomyopathy(TTC)orstress-inducedcardiomyopathy

representsamaincauseofacuteheartfailureintheabsenceof

coronaryarterydisease[66].TTC’sclinicalpatternisdistinctivesince

itischaracterizedbyatransienthypo-ordyskinesiaoftheapical,

lateral,andposteriorwallofleftventricleandapreservationofthe

basalcardiacsegments[67,68].Eventhoughtheclinicalpresentation

isoftendramaticandaccompaniedbycardiogenicshockandlethal

arrhythmias,therecoveryisusuallyrapidandcomplete[69,70].Even

though TTC occurs in the absence ofangiographic evidence of

coronaryarterydisease,itisoftendifficulttodifferentiatethisentity

from anischemiceventrelatedtocoronarythrombosis.

Pathophysiology

Severalpathophysiologicalmechanismshavebeensuggestedtobe

involvedinTTC.Theexposureofmyocardium tolargeconcentrations

ofcirculatingcatecholaminesduringLTmakestheheartsusceptible

toadverseeventsincludingmultivesselepicardialvasospasm [71].In

addition,thealteredadrenergicandGsproteinsignalingpathways

thatarecommonlyfoundinhearttissueofcirrhoticpatientshave

beensuggestedtocontributeinTTCphysiology[72].



ReviewofLiterature

21

IntraoperativetriggersforTTC duringlivertransplantationsurgery

includecardiovascularstress,suchuncontrolledbleeding,massive

transfusions,andadministrationofhighratesofvasoactiveagents

[73].

PredictorsandDiagnosticApproach

Stress-inducedcardiomyopathyisstillanunderestimatedcauseof

acuteheartfailureinlivertransplantedpatients.Besidetheexclusion

ofcoronarydisease,the diagnostic approach should involve the

combination of clinical aspects to electrocardiographic and

echocardiographicfindings.Multiplestudieshaveevaluatedtherisk

factorsforlatecardiaceventsfollowingLT.Theseverityofliver

diseaseasquantifiedbyModelofEndStageLiverDisease(MELD)

scorehasbeenshowntobeassociatedwithadversecardiacevents

following LT [74].Thiswasattributed to presence CCM and its

components including diastolic dysfunction and prolonged QT

interval[75,76].

Inadditiontoolderageandmalesex,severalcomponentsofthe

metabolicsyndromefactorsincludinghypertension,hyperglycemia,

dyslipidemia,andvisceralobesityhavebeenshowntobepredictive

forheartfailurefollowingLT [77,78].Inthiscontext,elevatedpre-
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transplantationbloodureanitrogenplasmalevelsandhemodialysis

increase the risk of postoperative heart failure [79]Similarly,

pulmonaryhypertensionandpresenceofhistoryforcardiacdisease

includingarrhythmiaandcoronaryarterydiseasehavebeenshownto

predictpost-transplantationcardiaccomplications[74,77].Currently,

LT candidates undergo a preoperative systemic assessmentto

improvethepost-transplantationoutcome.Thisincludesafullhistory

and examination, 12-lead ECG, and two-dimensional

echocardiography to detect structural and functional heart

abnormalitiesandestimatepulmonaryarterypressure.Basedonthe

findingsoftheinitialscreeningtest,livertransplantrecipientswho

areathigh-riskforcoronaryarterydiseaseundergofurtherinvasive

investigations such as dobutamine stress echocardiography,

coronary angiography, and coronary computed tomography

angiography(CCTA)[80].

Management

Hemodynamicallystablepatientsareoftentreatedwithdiuretics,

ACEinhibitors,andbetablockers.Treatmentwithcalcium channel

blockersandfluidresuscitationisusuallyindicatedforpatientswith

severeleftventricularoutflow tractobstructionandhemodynamic
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compromise.Inotropicagentscanbeadministeredonlyinabsence

ofmoderateorsevereleftventricularoutflow tractobstruction.In

presenceofTTCwiththromboembolism,anticoagulationshouldbe

continuedforatleastthreemonths[81].

3.3.NonalcoholicFattyLiverDisease

3.3.1.DefinitionandPrevalence

NAFLD encompasses a pathologicalcondition characterized by

ectopicdepositionofadiposetissueintheliver,intheabsenceof

secondarycausesforhepaticfataccumulation,suchasexcessive

alcoholintake,steatogenicdrugs,andhereditarydisorders[82].This

terminology covers a wide spectrum thatranges from simple

steatosis or nonalcoholic fatty liver (NAFL) to nonalcoholic

steatohepatitis(NASH)andcirrhosis.Hepaticsteatosisisconsidered

a benign and reversible stage characterized by excessive fat

infiltrationinvolvingmorethan5% oftheliverparenchyma,withno

evidenceofhepatocyteinjury.NASH ischaracterizedbysteatosis

withhepatocellularinflammationthatmayfurtherprogressinliver

fibrosis,cirrhosis,andhepatocellularcarcinoma[83].

NAFLDisthemostcommonchronicliverdiseaseworldwidewitha

prevalenceofabout20–30% in thegeneralpopulation and itis
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estimatedtobe50–90%inpeoplewithobesityandtype2diabetes

mellitus.Today,theglobalprevalenceofNAFLDmirrorsthesteady

increase in obesityrate and correlates with its degree.Hepatic

steatosis is found in 65% ofsubjects with grade I–IIobesity

(BodyMassIndex[BMI]=30–39.9kg/m2)andin85%ofpatientswith

morbidobesity(BMI=40–59kg/m2)[84].Thereislargegrowing

evidence suggesting thatNAFLD contributes potentially to the

increased risk forcardiovascular-related morbidity and mortality

[85,86].AccordingtotheFramingham scoringapproach,themeanof

respectivecardiovascularrisksinsubjectswithandwithoutNAFLD

wasestimatedas16.0% and12.7% inmenand6.7% and4.6% in

women,respectively[87].

3.3.2.CardiacDisordersinNAFLD

ThemostcommoncardiaccomplicationsassociatedwithNAFLD

includecoronaryarterydisease,andstructuralmyocardialalterations

inadditiontocardiacarrhythmias.Anincreasingnumberofstudies

haveaddressedalinkbetweencoronaryheartdiseaseandNAFLD

independentlyoftraditionalcardiovascularriskfactors[88].Patients

withNAFLDshowedahigherprevalenceofcalcifiedandnon-calcified

coronaryplaquescomparedtohealthyindividualsindependentlyof
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thepresenceofthemetabolicsyndromecomponents[89].

Moreover,the coronary microvascular and endothelialfunction

assessedbythemeasurementofcoronaryflow reserve(CFR)has

beenshowntobeimpairedinpatientswithNAFLDcomparedwith

healthysubjects[90].

Moreover,subjectswithNAFLDhavebeenshowntohavecommon

featuresofleftventriculardiastolicdysfunction,whichrepresentsa

keycontributortothedevelopmentofheartfailure[91].Similarly,a

higherprevalenceofleftventricularmassindexcomparedtocontrols

hasbeenobserved[92].Furthermore,NAFLD hasbeenassociated

withmorphologicalandvalvularheartabnormalities.Severalstudies

showed that hepatic steatosis is associated with aortic-valve

sclerosisandmitralannularcalcification,bothknowntoenhancethe

riskofcardiacarrhythmiasandheartfailure[93,94].

Cardiacrhythm disturbancesarealsolinkedtoNAFLD,probablydue

to an induction of cardiac autonomic dysfunction. Several

arrhythmiasare found in association with NAFLD such asatrial

fibrillation,QTprolongation,andventriculararrhythmias,whichcan

predisposethesepatientstosuddencardiacdeath[95].
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3.3.3.MechanismsLinkingCardiacDisorderstoNAFLD

TheprecisemechanismslinkingNAFLDwithcardiaccomplications

are poorly understood. However, several pathophysiological

mechanismshavebeenpostulatedtobeinvolvedsuchasinsulin

resistance,visceraladiposity,subclinicalinflammation,dyslipidemia,

andoxidativestress(Figure1e)[96].

NAFLDpatientstendtopresentwhole-bodyaswellashepaticinsulin

resistance,inducingdisturbancesinthetransportoffreefattyacids,

thusleadingtovisceralandectopicfataccumulation.Duetothe

increasedlipogenesis,thelipidprofileinthesesubjectsconsistsin

increasedlevelsoftriglyceride,low-densitylipoproteincholesterol

(LDL-C),andverylow-densitylipoproteincholesterol(VLDL-C),which

areconsequentlylinkedtoincreasedcardiovascularrisks[97,98].

NAFLD isconsideredachronicsubclinicalinflammatorycondition

through secreting proinflammatorycytokines and chemokines by

bothhepatocytesandbynon-parenchymalcellssuchasstellatecells

and Kupffercells[99].Severalinflammatorymarkersaswellas

serum levelsofIL-6,IL-1,TNF-α,andC-reactiveprotein(CRP)have

beendemonstratedtoberelatedtocardiovasculareventsinNAFLD

[100].
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Inadditiontotheroleofabdominalobesity,whichusuallyoccursin

NAFLD,ectopicfataccumulationinotherdistricts(i.e.perivascular,

pericardial,and epicardial)leads to adipocytes dysfunction with

consequent imbalance of pro- and anti-inflammatory

cytokinesoriginating from adipose tissue termed adipokines

[101,102].Inthiscontext,anincreaseinproinflammatorycytokines

such as leptin and a decrease ofcardioprotective one such as

adiponectin have been reported in NAFLD [102].This induces a

persistentdeterioration ofthe inflammatoryand insulin resistant

statesthatconsequentlyleadtotheworseningofcardiometabolic

outcomes[101].

Oxidative stress appears to play a key role in promoting the

progression from simple steatosis to NASH and increasing the

cardiometabolic risk in NAFLD patients [103].It arises as a

consequence ofan imbalance between excessive generation of

reactiveoxygenspecies(resultingfrom acceleratedFFAinfluxandde

novolipidsynthesis)andantioxidantdefensesleadingtoadisruption

ofredoxsignaling and moleculardamage[103].Oxidativestress

enhances the atherosclerotic process byinducing an endothelial

dysfunction and subsequently predisposes NAFLD subject to
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cardiovascularevents[104].Inaddition,itleadstoimpairmentin

mitochondrialfunction,which is associated with both insulin

resistanceandatherosclerosis[105].

Ahighproductionofprothromboticfactors,mainlyfactorsVII,IX,XI

andXII,hasbeenshowntobelinkedtoNAFLD[106]andtherefore

can contribute to an increase in cardiovascular risk and

atherosclerosis in these patients [107].In the same context,

increased evidence supports the positive relationship between

circulatinglevelsofplasminogeninhibitoractivator1(PAI-1)and

hepaticfatontentandNAFLDseverity[108].Anincreasedreleaseof

thePAIisknowntobeagoodpredictorofischemicheartdisease

[109].

3.3.4.PredictorsofCardiacEventsinNAFLD

Inrecentyears,novelhepatictissue-specificmoleculesknownas

hepatokineshavebeendescribedtodeterminecardiovasculareffects.

Fibroblastgrowth factor21 (FGF-21)is a peptide predominantly

producedandsecretedbytheliverandcorrelateswithhepaticfat

contentandtheseverityofNAFLD [110].ElevatedFGF-21serum

levelshavebeenshowntobeassociatedwithatherosclerosis[111],

andcoronaryheartdisease[112].NAFLDhasbeenrelatedwithhigher
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serum levelsofanotherhepatokineknownasFetuin-A(FetA)[113].

FetA plasmalevelshavebeenshowntobepositivelyrelatedwith

negativecardiovascularoutcomesaswellasendothelialdysfunction

andmyocardialinfarction[114].

GiventherapidlygrowingglobalburdenofNAFLDandlimitationsof

performingliverbiopsyduetointerobservervariabilityandprocedure-

relatedmorbidityandmortality,recentrecommendationssuggested

severalnoninvasive markersoffibrosisand steatosis[115].The

NAFLDFibrosisScore(NFS)isasimple,serum-basedindex,originally

developedforthediagnosisofadvancedhepaticfibrosisinpatients

with NAFLD representing an independent predictor for overall

cardiovasculareventsandmortality,includingcardiacdeath[116].

3.3.5.Management

ThemainclinicalrecommendationsforthemanagementofNAFLD

includelifestyle modificationsthrough a combination ofphysical

activity,smokingcessation,appropriatedietarychanges,andgradual

weightloss.Thisapproachhasdemonstratedtobeaneffectivetool

toimprovethecardiovascularriskprofileinNAFLDpatients.

Moreover,currentguidelinesrecommendcarefulclinicalscreening

andtreatmentforassociatedcardiometabolicriskfactorsincluding
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obesity,diabetes mellitus,dyslipidemia,and hypertension in all

individualswithNAFLD.Bariatricsurgeryrepresentsarecommended

choiceformorbidlyobeseindividualsiflifestylemodificationsand

pharmacologicalapproachhavenotyieldedlong-term success.It

provides cardiovascular benefits in terms of reducing overall

mortalitybyimprovinghepaticinflammation,metabolicsyndrome

components,andcardiacmorphology[96,117].

4.TheHeart–LiverAxis

Increasingevidencesuggeststhattheheartsynthesizesandsecretes

proteinsreferredtoascardiokines,whichareinvolvedintheinter-

cellular and inter-organ communication [118]. More than 16

cardiokineshavebeenidentified,includingtheatrialnatriureticfactor

(ANF),BNP,transforminggrowthfactor-β1(TGF-β1),angiotensinII,

andproinflammatorycytokineswhichareknowntoplayphysiological

andpathologicalroleincardiacfibrosis,apoptosis,andmetabolism

[119].

Ithasbeenreportedthatcardiokinesnotonlyhavelocalinvolvement

inthestressresponseanddamagerepair,butalsomediateseveral

regulatoryeffectsonextra-cardiactissues[120].Inthesamecontext,

ANP,awellknow cardiokinesecretedfrom thecardiactissueand
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knowntomediatefluidhomeostasisinheartfailure,hasbeenshown

toattenuateglycolysisandincreasedgluconeogenesisinratliver

[121].

NOD-like receptorprotein 3 (NLRP3)inflammasome isthe most

widelystudiedinflammasomeinmyocardialtissue.Itconsistsofa

multi-proteinsignalingplatform thatactsasanintracellularinnate

immune sensor and its activation induces the transcription,

maturation,andreleaseofproinflammatorycytokines,inparticularIL-

1βandIL-18.Inheartfailure,threemaintriggerscontributetothe

activation of NLRP3 inflammasome components: adenosine

triphosphate(ATP),mitochondrialDNA(mtDNA),andreactiveoxygen

species(ROS)[122].Despitetheclearevidencethatcardiokinesare

involvedinthecrosstalkbetweenmyocardialinflammationinheart

failureandperipheraltissuedamageinsomeorgans(adipose,tissue,

skeletalmuscle,spleen,andkidney),directmechanismslinkingheart

andliverdiseaseremainnotfullycharacterized.Inanimalmodel,

congestive heartfailure has been shown to be associated with

alteredmetabolism andproinflammatoryresponseinliver[123].In

thisstudy,theserum concentrationandhepaticgeneexpressionof

proinflammatorycytokinesTNF-αandIL1-βsignificantlyincreasedin
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thecaseofcongestiveheartfailure.In addition,blood levelsof

hepatic proteins,such as albumin,transthyretin,transferrin,and

retinol-bindingprotein,weredecreased.Incongestiveheartfailure

rats,thegeneexpressionofenzymesrelatedtolipogenesiswas

increased,whilethatrelatedtogluconeogenesiswasdecreased.In

addition,during fasting,the liverofheartfailure rats showed a

maladaptive response byincorporating more glucose instead of

releasingenergysubstrates[123],probablybecauseofstateofliver

inflammation.

Olson’s group reported thatthe heartcontrols systemic energy

metabolism,fatmass,and body weightvia the heartspecific

microRNA-208a (miR-208a) and Mediator complex subunit 13

(MED13)signaling in rodentcardiomyocytes [124].MiR-208a is

encodedbyanintronoftheα-cardiacmusclemyosinheavychain

gene(Myh6)andisexpressedspecificallyintheheart.MiR-208ais

mainlyinvolved in cardiac remodeling and regulation ofcardiac

hypertrophy pathway. MED13 is a mediator of transcription

machineryandcontributestocardiacandsystemicmetabolism by

controlling gene expression and mitochondrialnumbers through

thyroid hormone receptors and other nuclearhormones [125].
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OverexpressionofMED13orinhibitionofmiR-208aincardiactissue

oftransgenicmice hasbeen shown to enhancelipid uptake,β-

oxidation,mitochondrialcontent,andothergenesinvolvedinfatty

acidsutilizationinadiposetissueandliver.Thesefindingssupportthe

existenceofametaboliccrosstalkbetweenheartandliver[126].

Theco-existenceofbidirectionalcommunicationwasalsoconfirmed

inpatientswithheartfailure[127].Impairedleftventricularfunction

wasassociatedwithadecreaseofendogenoushepaticunsaturated

fattyacidscirculatorylevels.Itwashypothesizedthatanincreased

left ventricular wall stress and pulmonary pressure can be

transmitted to theliverveinsand causehepaticcongestion and

consequentlymayalterthefattyacidprofileintheliver[127].Onthe

otherhand,reducedlevelsofunsaturatedfattyacidswerecorrelated

with adverse cardiac consequences,probablybyinterfering with

proinflammatory processes such as nuclearfactorκB (NF-κB)

activationandTNF-αrelease[127,128].
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3.SubjectsandMethods:

3.1Studyprotocol:

Thestudywasaclinicalcross-sectionalstudyperformedon

patientswithheartfailureadmittedtotheDepartmentofMedicineat

severalprivateandpublichospitalsinSana’acitybetweenJuly1,

2021andDecember31,2021.

3.2Studypopulation:

The study population constitutes 162 patients who were

suffering from heart failure with help of echocardiographic

assessment,namely,withreducedejectionfraction(40%).Patients

wereenrolledinthestudyafterdoingtherequiredlaboratoryand

radiological assessment including ultrasound abdomen,

echocardiogram (ejectionfractionanddiastolicdysfunctiongrading)

afterstrictadherencetotheinclusionandexclusioncriteria.Anoral

consentwasobtainedfrom allpatientsafterexplainingtheaimsand

thenatureofthestudywhichdoesnotinterferewiththeirclinical

management.

3.3Datacollection:

The collected data included age, smoking, alcohol, clinical

presentation,diagnosticradiologicalandlaboratorytestsaswellas
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themedicaltreatment.Patientswerefirstaskedaboutthepersonal

detailsandthenwereaskedaboutspecificsymptomsofdyspnoea,

orthopnoea,chestpain,fatiguability,exercise intolerance,ankle

edema,jaundice,abdominaldistension,dilatedneckveinsandnight

coughs.Theywereenquiredabouttheirprevioushospitalizations,

drug intake,liverdiseases,blood transfusions,alcoholism and

treatmenthistory.Thenthepatientwasexaminedforelevationin

jugularvenouspressure,low bloodpressure,tachycardiaalongwith

theroutinegeneralexamination.

Otherexaminationsincludedlookingforcongestiveliverenlargement,

pleuraleffusionalongwiththelaboratoryinvestigationsofcomplete

bloodcount,urineroutinetests,renalfunctionandspecialemphasis

waslaid on liverfunction testsincluding serum AST,ALT,ALP,

bilirubin,albumin,prothrombinetime,activatedpartialthromboplastin

time. Abdominalultrasound was done to assess liver while

echocardiogram wasdonetodiagnoseheartfailurewithreducedand

preservedejectionfraction.

3.4Inclusionandexclusioncriteria

Inclusioncriteria:

 Acuteheartfailure
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 Chronicheartfailure

Exclusioncriteria:

 Primaryliverdiseaseincludinginfectiveliverdiseases

 Cirrhoticpatients

 Malignancy

 Alcoholics

3.5Statisticalanalysis:

StatisticalanalysiswasperformedusingStatisticalPackagefor

SocialSciencesoftware(SPSS,version15).TheShapiro-Wilktestfor

normalitywasusedtodetermineifthecontinuousvariableshad

normalorabnormaldistributions,whileone-wayanalysisofvariance

(ANOVA)and paired-sample t-tests were used forthe normally

distributedcontinuousvariables.TheKruskal-Wallistestwasusedto

analyzetheabnormallydistributedcontinuousvariables.Whenthe

Kruskal-Wallistestindicatedstatisticallysignificantdifferences,the

causesofthosedifferencesweredetermined using aBonferroni

adjustedMann-WhitneyUtest.
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4.Results
4.1.Demographicdata:

4.1.1Genderdistribution:

A totalof162 diagnosed casesofcardiohepaticsyndrome

werestudied.Malepatientswere117(72.2%)andfemalepatients

were45(27.8%).Thegenderdistributionofthesampleisrepresented

inTable(1)andgraphicallyillustratedinFigure(1).

Table(1):Genderdistributionofcardiohepaticsyndromepatients:

Frequency Percent

Male 117 72.2

Female 45 27.8

Total 162 100.0

Figure(1):Genderdistributionofcardiohepaticsyndromepatients

4.1.2Agedistribution:

The age ofpatients with cardiohepatic syndrome ranged
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between0.5and81years.Theresultsofthepresentstudyshowed

thatmostpatientswithcardiohepaticsyndromeagedbetween41

and 70 years (66.1%).The age distribution ofthe sample is

representedinTable(2)andgraphicallyillustratedinFigure(2).

Table(2):Agedistributionofcardiohepaticsyndromepatients:

Agecategories(years) Frequency Percent

0.5-10 7 4.3

11-20 6 3.7

21-30 12 7.4

31-40 18 11.1

41-50 35 21.6

51-60 38 23.5

61-70 34 21.0

71-80 11 6.8

81-90 1 0.6

Total 162 100.0

Figure(2):Agedistributionofcardiohepaticsyndromepatients
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4.1.3Healthfacilitiesdistribution:

Most cardiohepatic syndrome patients were admitted to

Lebanon hospital(75.3%)followed byAlthawra hospital(10.5%).

Additional5publicandprivatehospitalswereincludedinthepresent

study.ResultsarerepresentedinTable(3)andgraphicallyillustrated

inFigure(3).

Table(3):Healthfacilitiesdistributionofcardiohepaticsyndromepatients:

Frequency Percent

LebanonHospital 122 75.3

AlthawraHospital 17 10.5

RepublicanHospital 6 3.7

USThospital 2 1.2

Europeanhospital 4 2.5

48Hospital 9 5.6

KuwaitHospital 2 1.2

Total 162 100.0
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Figure(3):Healthfacilitiesdistributionofcardiohepaticsyndromepatients

4.2Clinicalpresentationofcardiohepaticsyndrome:

4.2.1Sings:

Patients with cardiohepatic syndrome most frequently
presentedwithedema(56.2%),pallor(40.7%),andcyanosis(25.3%).
Otherlessfrequentsingswereicterus(8.6%)andclubbing(8%).
ResultsarerepresentedinTable(4)andgraphicallyillustratedin
Figure(4).
Table(4):Clinicalsignsinpatientswithcardiohepaticsyndrome:

Frequency Percent

pallor 27 16.9

icterus 5 2.8

cyanosis 25 15.5

clubbing 2 1.4

edema 48 29.6

pallor+icterus 5 2.8

pallor+cyanosis 5 2.8

pallor+edema 21 12.7

icterus+edema 2 1.4

cyanosis+clubbing 2 1.4

cyanosis+edema 7 4.2

clubbing+edema 5 2.8

pallor+icterus+edema 2 1.4
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pallor+cyanosis+edema 2 1.4

pallor+clubbing+edema 2 1.4

pallor+icterus+clubbing+edema 2 1.4

Total 162 100.0

Figure(4):Clinicalsignsinpatientswithcardiohepaticsyndrome

4.2.2Bloodpressureandpulsefindings:

Theaveragepulseratesincardiohepaticsyndromepatients

was94ppm (maximum 142and37minimum),theaveragesystolic

bloodpressurewas118mmHg(maximum 200and60minimum),and

theaveragediastolicbloodpressurewas75mmHg(maximum 120

and minimum 40). Results are represented in Table (5)and

graphicallyillustratedinFigure(5).

Table(5):Bloodpressureandpulsefindingsincardiohepaticpatients:

Minimum Maximum Mean Std.Deviation

Pulserate 37.00 142.00 94.4487 18.38628

SystolicBP 60.00 200.00 118.4904 26.10718

DiastolicBP 40.00 120.00 74.7452 15.15895



Results

40

Figure(5):Bloodpressureandpulsefindingsincardiohepaticpatients

4.2.3Laboratorytestsfindings:

The laboratory investigations thatwere performed forthe

patients to assess liverfunction included Totalbilirubin,Direct

bilirubin,Indirectbilirubin,AST,ALT,ALP,Totalprotein,Albumin,

Prothrombin time, and Activated partial thromboplastin time.

Additionally,routinecompletebloodcountandkidneyfunctiontests

wereperformed.ResultsarerepresentedinTable(6).

Table(6):Laboratorytestsfindingsincardiohepaticpatients:

Minimum Maximum Mean Std.Deviation

Totalbilirubin .05 24.00 2.1225 4.54792

Directbilirubin .00 9.20 1.2823 2.30490
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Indirectbilirubin .10 148.00 4.3294 21.82649

AST 10.00 1974.70 101.5303 205.10275

ALT 10.00 1238.00 88.7389 186.71784

ALP 23.00 543.00 157.1923 101.75365

Totalprotein 7.73 134.00 72.9956 22.18229

Albumin 1.90 37.00 5.2592 5.92182

Prothrombintime 11.10 142.00 23.9907 27.19077

Activatedpartialthromboplastintime 13.00 120.00 38.8000 12.82471

Hemoglobin 8.00 20.20 13.1180 2.42816

Platelets 40.00 705.00 279.4934 120.84580

Serum urea 3.60 101.00 37.9434 20.77417

Serum creatinine .20 160.00 2.4762 13.61067

Table(7)belowshowstheresultoftheliverfunctiontests,

AmongthetotalHFcases162morethan50%ofthem therewasno

recordsfortheresultofthebilirubinwhiletherewererecordsforonly

80patients(49%).Withinthosewhohaverecordedresultsforthe

totalbilirubin,24%ofthem wereabnormalresults.Regardingtothe

resultoftheAST,theresultshowedthatamongthosewhohad

recordedresults151,around40%ofthem hadASTabovethanthe

normalrange.AlsotheresultoftheALTshowedthat,amongthose

whohadrecordedresultsaround37%ofthem hadALTabovethan

thenormalrange.RegardingtotheresultoftheALP,thosewhohad

recordedresultsfortheALPwereonly52(32%)ofthetotal

participants.Amongthosewhohadrecordedresultsmorethanhalf

ofthem 27(54%)hadabnormalALP.

Table(7):Theresultoftheliverfunctiontestsincardiohepaticpatients
Recorded Not Total
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recordedNormal Abnormal Total
recordedFrequency % Frequency %

Total
bilirubin

61 76% 19 24% 80 82 162

AST 90 60% 61 40% 151 9 162
ALT 99 63% 58 37% 157 5 162
ALP 25 46% 27 54% 52 110 162
Total
protein

30 60% 20 40% 112 162

Albumin 36 67% 18 33% 108 162

4.2.4Classificationofheartfailureaccordingtoejectionfraction:

Large proportion ofpatients(55.7%)had heartfailure with

preservedejectionfraction(HFpEF)while28.2%ofthepatientshad

heartfailurewithreducedejectionfraction(HFrEF).Minority(9.9%)of

the patients had heartfailure with mid-range ejection fraction

(HFmrEF)and 6.1% ofthepatientshadnormalejectionfraction.

ResultsarerepresentedinTable(7)andgraphicallyillustratedin

Figure(6).

Table(8):Classificationofheartfailureaccordingtoejectionfraction:

Frequency Percent

HFrEF 46 28.2

HFmrEF 16 9.9

HFpEF 90 55.7

NormalEF 10 6.1

Total 162 100.0
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Figure(6):Classificationofheartfailureaccordingtoejectionfraction
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5.Discussion

Theterm cardiachepatopathy(CH)describesliverdamagecausedby

cardiacdisorders.CHconsistsofcongestivehepatopathyandacute

cardiogenicliverinjury(ACLI)[129].Congestivehepatopathyusually

occursinchronicheartfailureasaresultofincreasedhepaticvenous

pressure,decreasedhepaticbloodflow,andadecreaseinarterial

oxygensaturation[130].

Cardio-HepaticInteraction:Therelationbetweenchronicheartfailure

andliverinjuryhasbeenwelldescribed[131,132].Theliverreceives

25% ofthetotalcardiacoutput(CO),althoughitaccountsforonly

2.5%ofthetotalbodyweight[133].Thehepaticarteriesblood,which

ischaracterizedwithhighpressureandiswelloxygenation,supplies

onlyaboutonefifthtoonethirdofthetotalliverbloodflow.The

approximateothertwo thirdssupplied bythelow pressure,less

oxygenate blood ofthe portalvenous.[134]The hepatic artery

autoregulation caused by hepatic arterialbufferresponse may

compensatefora25–60% reductioninportalbloodflow.Onthe

contrary,incaseofadecreaseinhepaticbloodflow,theportalvein

dependsonthehepatic-portalvenouspressuregradientandonthe

mesentericcirculation.Theduallivervasculatureprotectstheliver
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from hypoperfusion as itis particularly sensitive to perfusion

changes[130].

Thecardio-hepaticrelationshipinitiallyhasbeendescribedin1833by

Kiernan,whocoinedtheterm ofapost-mortem congested“nutmeg”

liverinpatientswithheartfailure[135].In1951,Sherlocketal.,

describedthefindingsofhepaticcellnecrosisineveryform ofheart

failure.Heclaimedthatanoxiacausesthedegenerationofcentral

livercellsandthedilatationofsinusoids.Centrilobularnecrosismay

becausedbyincreasedpressureinthehepaticveins[136].Chronic

rightheartfailuremayleadtoCH,whichismainlycausedbythe

passivecongestionoftheliverandresultsinelevatedCVP[137].

Differentetiologiesforright-sidedheartfailuremayprecipitateCH,

including constrictive pericarditis, mitral stenosis, tricuspid

regurgitation,cardiomyopathy,andcorpulmonale.Therearealso

congenitalheartdiseases related to elevated CVP and passive

congestionasatrialandventricularseptaldefect,Ebsteinanomaly,

etc.[138].Patientswithabnormalliverenzymesandright-sideheart

failureoranycauseofelevatedcentralpressureshouldbesuspected

ofCH.Coexistenceoftheleftandright-sideheartfailureresultsin

reducedCOandarterialperfusionandvenouscongestion,worsening
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liverinjury[129,139].

Acute Cardiogenic LiverInjury(ACLI):Due to the liver-enhanced

sensitivitytoperfusionchanges,acutecirculatorychanges,relatedto

acutedecompensatedheartfailure;acuteMI;myocarditis;massive

PE, or cardiogenic shock, might result in ACLI [140]. The

pathogenesisofACLIincludesadecreaseinCOandtissueperfusion,

hypoxemia, and passive venous congestion. The histologic

appearanceofACLIischaracterizedbynecrosisofpericentralzone3

hepatocytes,whichreceivedpoorlyoxygenatedbloodcomparedwith

zones1and2.ACLIisusuallyasymptomaticatthebeginning,but

2–24hafteracuteinsult,patientsmaysufferfrom nausea,vomiting,

rightupperquadrantpain,and apathy.In rare cases,mental

confusion,jaundice,andevenhepaticcomamaydevelop[134].The

commonlaboratoryfindingsinACLIareelevatedtransaminasesand

LDH,whichreachtheirpeakin1–3daysaftertheacuteinsult,andin

caseofimprovement,returntothenormallimitswithin7–10days

after[129].

Few studiesevaluatedthecardio-hepaticrelationinacutecardiac

injury,asoccurinpatientswithSTEMI.Mingetal.studiedSTEMI

patientswithnopreexistingliverdisease,whounderwentprimaryPCI.
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Theyshowed thatserum transaminases ≥95th percentage were

associatedwithincreasedincidenceofshort-andlong-term all-cause

mortality[141].ArecentstudyonpatientswithSTEMIwhounderwent

primaryPCIdemonstratedthatcombinedALKP andhypoxicliver

injury(HLI)inadditionwasassociatedwithpoorclinicaloutcomes

[142].AnotherretrospectivestudyofSTEMIpatientswhounderwent

primaryPCIwithnopreexistingliverdisease,foundthepresenceof

HLIcorrelatedwithHFREFandassociatedwithpoorsurvival[143].

AnotherstudyshowedthatincreasedALK-P wasassociatedwith

higherin-hospitaleventratesinpatientswithSTEMIwhounderwent

primaryPCI[144].Ontheotherhand,inpatientswithSTEMI,the

presenceofelevatedGGTisassociatedwithlong-term mortalityafter

30daysafterPCI[145].Posthocanalysisofsurvivalshowedthat

liverfunctionimpairmentwasassociatedwitha50%increaseinthe

180-daymortalityrateinpatientswithacutedecompensatedheart

failureandrequiredinotropetreatment.Authorssuggestedthehigh

levelofALK-Pand/ortransaminasesapparentlyreflectedtheseverity

oftheunderlineHF[146].

Apossiblemechanism forliverinjuryiselevatedhydrostaticpressure

related to liversinusoids which mightcause bile canaliculiand
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ductulus compression. In addition,hepatic cytolysis may be

secondary to the hypoperfusion/hypo-oxygenation of the

centrilobular region.A 46–76% liver function abnormality was

reportedinpatientswithacuteheartfailure,suggestingtomeasure

the baseline liverfunction testofpatients presentwith acute

decompensatedheartfailureand,inaddition,toconsideraddingitto

futureHFguidelines[147].

TheImpactofLiverInjuryontheHeart:Cirrhoticcardiomyopathyis

theconcomitantcardiacdysfunctioninpatientswithcirrhosisand

having hyperdynamic systemic circulation,characterized by an

increasedheartrateandcardiacoutput,andadecreasedarterial

bloodpressureandsystemicvascularresistance[148].Inaddition,

there is an increased cardiac pre-load and rightatrialpressure,

cardiac contractile impairment, diastolic dysfunction, and

electrophysiologicaldisorders such as prolonged Q-T interval.

Cardiacmorphometricchangesareassociatedwiththeseverityof

liverfailureregardlessoflivercirrhosisetiology[149].Theprevalent

ofdiastolicdysfunctionincirrhosismaybeupto50%andcorrelate

withseverityofcirrhosis,complication,anddeath[149–151].

Patientswithacuteliverfailure(ALF)causedbydifferentetiologies
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suchasviralhepatitisandacetaminophen-induced,mayhavean

elevationoftroponinIlevelswhichreflectmyocardialcelldamage.

The exactmechanism ofthatunrecognized cardiac injury and

potentialofreversibilityisnotclear.Thesubclinicalmyocardialinjury

inpatientswithALFisassociatedwithhighermorbidityandmortality

rates[152].Criticallyillnoncardiacpatientsmaydevelopmyocardial

oxygensupplyanddemandimbalance,whichmayresultinahigher

leveloftroponinIandassociatedwithelevationofInterleukin6,

Tumornecrosisfactor-alpha(TNF-α),andCRP.TNF-αisknowntobe

abletodepressmyocardialfunctionandinducetheapoptosisof

cardiomyocytesandmayleadtoreducedcoronaryarteryflowandEF

[153].Inpatientswithanacutecardiacinsult(e.g.,STEMI),sequential

liverfunctionteststakenthroughoutthehospitalizationmayalert

clinicianstoliverenzymeabnormalitieswhichwereassociatedwith

poorercardiac presentation (low cardiac outputand/orsigns of

venouscongestion).Inadditiontothepossiblerelationtopatients’

outcomes,aclinicaldecisionofwithholdinghepatotoxicdrugsearlier

should be considered [154,155].This offers a non-invasive and

simplewaytoriskstratifypatients,whichshouldbefurthervalidated

inprospectivestudies.
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6.SummaryandConclusions

6.1.Summary:

Thepresentstudywasaimedtoinvestigatetheclinicalpatterns

of cardiohepatic syndrome among patients with heart failure

attendingseveralprivateandpublichospitalsinSana’acity,Yemen.

Thestudywasaclinicalcross-sectionalstudyperformedonpatients

withheartfailureadmittedtothemedicaldepartmentsatseveral

privateandpublichospitalsinSana’acitybetweenJuly1,2021and

December31,2021.

A totalof162 diagnosed casesofcardiohepaticsyndrome

werestudied.Malepatientswere177(72.2%)andfemalepatients

were45(27.8%).Theageofpatientswithcardiohepaticsyndrome

rangedbetween0.5and81years.Theresultsofthepresentstudy

showed thatmostpatients with cardiohepatic syndrome aged

between41 and 70 years(66.1%).Mostcardiohepaticsyndrome

patientswere admitted to Lebanon hospital(75.3%)followed by

Althawra hospital(10.5%).Patients with cardiohepatic syndrome

mostfrequentlypresentedwithedema(56.2%),pallor(40.7%),and

cyanosis(25.3%).Otherlessfrequentsingswereicterus(8.6%)and

clubbing(8%).Theaveragepulseratesincardiohepaticsyndrome
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patientswas94ppm (maximum 142and37minimum),theaverage

systolic blood pressure was 118mmHg (maximum 200 and 60

minimum),andtheaveragediastolicbloodpressurewas75mmHg

(maximum 120andminimum 40).Thelaboratoryinvestigationsthat

wereperformedforthepatientstoassessliverfunctionincluded

Totalbilirubin,Directbilirubin,Indirectbilirubin,AST,ALT,ALP,Total

protein, Albumin, Prothrombin time, and Activated partial

thromboplastintime.Additionally,routinecompletebloodcountand

kidneyfunctiontestswereperformed.Largeproportionofpatients

(55.7%)hadheartfailurewithpreservedejectionfraction(HFpEF)

while28.2% ofthepatientshadheartfailurewithreducedejection

fraction(HFrEF).Minority(9.9%)ofthepatientshadheartfailurewith

mid-rangeejectionfraction(HFmrEF)and6.1% ofthepatientshad

normalejectionfraction.

6.2Conclusions:

From theresultsofthepresentstudy,itcouldbeconcluded

that:

 Cardiohepaticsyndromeismoreprevalentinmaleheartfailure

patients.

 Middle-agedpatientsaremorepronetocardiohepaticsyndrome
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andthedetrimentaleffectsofheartfailureonliverfunctions.

 Cardiohepatic syndrome presents with full-range of signs,

symptoms,andlabtestdeviations.

 Cardiohepaticsyndromeismorelikelyinpatientswithreduced

ejectionfraction(HFrEF).

 Proper assessment of cardiohepatic syndrome could play

significantrolesinprognosisofheartfailureandotherassociated

comorbiditiesasmostdrugsaremetabolizedinliver.
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ArabicAbstract
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يبرع صخلم

نميلا يف بلقلا روصق ىضرم نيب ةيدبكلا ةيبلقلا ةمز لا تملا

نيب ةيدبكلا ةيبلقلا لاةمز تملل ةيريرسلا حلاالات يف ققحتلل ةيلا حلا ةساردلا تفده : ةساردلا فادهأ

. نميلا ، ءاعنص ةنيدم يف ةماعلا و ةصاخلا تايفشتسملا نم ديدعلا يف نيدجاوتملا بلقلا روصق ىضرم

مت يذلا بلقلا روصق ىضرم ىلع تيرجأ ةيعطقم ةيريرس ةسارد نع ةرابع ةساردلا تناك : ةقيرطلا

ويلوي 1 نيب ءاعنص ةنيدم يف ةماعلا و ةصاخلا تايفشتسملا نم ديدعلا يف ةيبطلا ماسق الأ ىلإ مهلا خدإ

.2021 ربمسيد 2021و31

ددع غلب . ةيدبكلا ةيبلقلا لاةمز تملا نم اهصيخشت مت ةيضرم 162حةلا هعومجم ةسارد تمت : جئاتنلا

ةيبلقلا لاةمز تملا ىضرم رامعأ تحوارت .(27.8٪)45 الإثان ىضرملا 117(٪72.2)و روكذلا ىضرملا

ةيدبكلا ةيبلقلا لاةمز تملا ىضرم مظعم نأ ةيلا حلا ةساردلا جئاتن ترهظأ ةنس. 0.5و81 نيب ةيدبكلا

ىلإ ةيدبكلا ةيبلقلا لاةمز تملا ىضرم مظعم لا خدإ (٪66.1).مت ةنس 41و70 نيب مهرامعأ حوارتت

ةيبلقلا لاةمز تملا نم نوناعي نيذلا ىضرملا .(10.5٪) ةروثلا ىفشتسم هيلي (75.3٪) نانبل ىفشتسم

الأ ضارع الا تناكو .(25.3٪) ةقرزلا (٪40.7)و بوحشلا (٪56.2)و ةمذولا ب نوباصي ام غابًلا ةيدبكلا

ةمز لا تملا ىضرم ىدل ضبنلا لات دعم ​​ طسوتم ناك .(8٪) تاوارهلا (٪8.6)و ناقريلا يه ارًاركت الألق ىرخ

الا مدلا طغض ​​ طسوتم ناكو ،( ىندأ دح 142و37 ىصقأ دحب ) ةقيقدلا يف ةبرض 94 ةيدبكلا ةيبلقلا

75 يطاسبن الا مدلا طغض ​​ طسوتم ناكو ،( ىندأ دحك 200و60 ىصقأ دحب ) يقبئز ملم 118 يضابقن

ىضرملل اهؤارجإ مت يتلا ةيربتخملا تاصوحفلا تنمضت .(40 ىندأ دحو 120 ىصقأ (دح قبئز ملم

تاميزناو ، رشابملا ريغ نيبوريليبلا ،و رشابملا نيبوريليبلا ،و يلكلا نيبوريليبلا ، دبكلا فئاظو مييقتل

لا بوبمورثلا تقوو ، نيبمورثوربلا تقوو ، نيموبل ،والأ يلكلا نيتوربلا AST،وALT،وALP،و دبكلا

فئاظو تارابتخاو ينيتورلا لماكلا مدلا دادعت ءارجإ مت كلذ ىلإ ةفاض .بالإ طشنملا يئزجلا نيتس

يفذقلا رسكلا عم بلقلا يف روصق نم نوناعي (55.7٪) ىضرملا نم ةريبك ةبسن نا اندجوف . ىلكلا

رسكلا ضافخنا عم بلقلا يف روصق نم نوناعي نيذلا ىضرملا نم 28.2٪ ناك امنيب (HFpEF) ظوفحملا

ىدملا ​​ طسوتم درط رسك عم بلقلا يف روصق ىضرملا نم (9.9٪) ةبسنب ةيلقأ تناكو .(HFrEF) يفذقلا

. يعيبط درط رسك مهدنع ىضرملا نم 6.1٪ ةبسن تناكو (HFmrEF)

تاف تخلا ضارع والأ تام علالا نم ةلماك ةعومجم عم ةيدبكلا ةيبلقلا لاةمز تملا رهظت : تاجاتنتس الا

دادزتو رمعلا فصتنم يف روكذلا نم بلقلا روصق ىضرم يف ارًاشتنا رثكأ يهو ، ةيربخملا تاصوحفلا

. يفذقلا رسكلا ضافخنا نم نوناعي نيذلا ىضرملا يف اضًيأ ةيدبكلا ةيبلقلا لاةمز بتملا ةباص الإ ةيلا متحا



ةينميلا ةيروهمجلا

يملعلا ثحبلا و يلا علا ميلعتلا ةرازو

ةيبطلا مولعلل ربمتبس 21 ةعماج

ةيريرسلا ةلديصلا ةيلك

بلقلا روصق ىضرم نيب ةيدبكلا ةيبلقلا ةمز لا تملا
نميلا يف

ةلديصلا يف سويرولا كبلا ةجرد ىلع لوصحلل يئزج ممتمك مدقم جرخت ثحب

لاب طلا نم مدقم :

يداب لداع ةداغ

زواخ ميلحلا دبع ةلا صا

يزعزعلا يلع رون

ريكبلا زيزعلا دبع ةراس

يدهم دمحم ريبع

شيهدم دومحم ءايمل

يلوخلا ميهاربإ دمحا

ناشير رابجلا دبع ليصا

ركاب الله دبع ميهاربإ

شيعقلا نسح هماسا

زواخ ميلحلا دبع ليصا

مساق سماح مثيه

يغايسلا يلع قراط

: فارشا تحت

يدوعلا يجان نيسح يقوش د/
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يفارغلا ظفاحلا دبع راتخم د/
لاةين ديصلا ةيوضعلا و ةيئاودلا ءايميكلا كراشم ذاتسأ

ءاعنص ةعماج – ةلديصلا ةيلك
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