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<<<국국국문문문 초초초록록록>>>

NNN---TTTeeerrrmmmiiinnnaaalllppprrroooBBB---tttyyypppeeeNNNaaatttrrriiiuuurrreeetttiiiccc
PPPeeeppptttiiidddeee(((NNNTTT---ppprrroooBBBNNNPPP)))를를를 이이이용용용한한한 간간간경경경화화화증증증
환환환자자자의의의 중중중증증증도도도와와와 심심심장장장 이이이상상상의의의 평평평가가가

우우우 정정정 주주주
지지지도도도교교교수수수 :::홍홍홍 순순순 표표표
조조조선선선대대대학학학교교교 대대대학학학원원원 의의의학학학과과과

배경 및 목적 :간경화증 환자에서는 과역동적인 체순환과 심장 이상이 관찰
되는 경우가 흔하다.증가된 심장부하에 반응하여 심실로부터 분비되는 심장
신경호르몬인 BNP (brain natriuretic peptide)와 아미노기 말단 proBNP
(NT-proBNP)는 조기 심실 이상을 나타내는 지표이다.따라서 본 연구는 간
경화증 환자에서 NT-proBNP의 혈중 농도,간경화증의 중증도,그리고 심장
이상과의 사이에 어떤 연관 관계가 있는 지 알아보고자 시행되었다.
대상 및 방법 :63명의 간경화증 환자와 (남/녀=40/23,평균연령 55.8세)15명
의 비슷한 연령대의 건강한 대조군을 (남/녀=9/6,평균연령 52.9세)대상으로
하였다.Child-Turcotte-Pugh 분류법에 따라 class A (n=16),class B
(n=29),classC(n=18)로 분류되거나,복수를 동반한 3군 (group3,n=35)과
동반하지 않은 2군 (group2,n=28)으로 각각 분류된 간경화증 환자와 1군
(group1)으로 분류된 건강대조군에서 심초음파를 시행하고 NT-proBNP의
혈중 농도를 측정하였다.
결과 :NT-proBNP의 혈중 농도는,간경화증 환자인 2군 (155.88± 69.75
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pg/ml)과 3군 (198.26±146.69pg/ml)에서 각각 건강대조군 (40.27±13.58
pg/ml)에 비해 유의하게 증가되어 있었으나 (p<0.05),복수를 동반하지 않
은 2군과 동반한 3군간에 NT-proBNP의 혈중 농도는 통계적으로 유의한 차
이가 없었다.또한 NT-proBNP의 혈중 농도가 Child분류 C군 (250.00±
176.60pg/ml)에서 건강대조군은 물론이고,Child분류 B군 (168.63±71.34
pg/ml)이나 A군 (119.60±67.29pg/ml)과 비교하여 각각 유의하게 증가되어
있었으나 (P< 0.05),Child분류 B군과 A군의 NT-proBNP의 혈중 농도는
통계적으로 유의한 차이가 없었다.심초음파검사상,간경화증 환자 (2군;
39.71±4.75mm,3군;40.51±4.60mm)에서 건강대조군 (35.07±7.39mm)
에 비해 유의하게 좌심방직경이 증가되어 있었다.또한 간경화증 환자에서
심실중격의 두께 (IVSd,2군;10.07±2.02mm,3군;10.14±1.70mm)와 좌
심실 후벽의 두께 (LVPWd,2군;9.21±1.77mm,3군;9.63±1.22mm)가
건강대조군 (IVSd;8.67±1.54mm,LVPWd;8.20±1.66mm)에 비해 각각
유의하게 증가된 소견을 보였다 (P< 0.05).좌심실 구혈률(EF)도 간경화증
환자 (2군;70.50±7.81% ,3군;71.17±7.02%)에서 건강대조군 (59.33±
6.17%)에 비해 각각 유의하게 증가된 소견을 보였다 (P<0.05).한편 도플
러 심초음파검사상,간경화증 환자에서 이완기초 경승모판 혈류 속도와 승모
판륜 속도의 비 (E/E',2군;10.51±1.93,3군;11.78±2.25)와 E파의 감속시
간 (EDT,2군;254.29±60.75msec,3군;271.13±53.74msec)이 건강대조
군 (E/E;8.81±1.08,EDT;206.00±35.32msec)에 비해 각각 유의하게 증
가되어 있는 소견이었다 (P<0.05).좌심실질량지수는 복수를 동반하지 않은
2군 (110.18±23.06g/㎡)이나 건강대조군 (102.80±23.54g/㎡)에 비해 복수
를 동반한 3군 (123.54±22.50g/㎡)에서 증가되고,경승모판 혈류 속도의 E
파와 A파의 비 (E/A ratio)는 2군 (1.01± 0.37)이나 건강대조군 (1.15±
0.37)에 비해 3군 (0.90±0.32)에서 감소되는 양상이었다 (P< 0.05).간경화
증 환자에서 NT-proBNP의 혈중 농도와 심초음파검사 측정상 좌심실이완기
말직경 (r=0.277,P=0.028)과 E/E'(r=0.450,P=0.01)이 유의한 상관관
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계를 보였다.
결론 :간경화증 환자에서 NT-proBNP의 혈중 농도는 상승되어 있었으며,이
것은 간경화증의 중증도가 증가함에 따라 보다 더 밀접한 연관이 있었다.결
론적으로 진행된 간경화증에서 심장의 구조적,기능적 이상이 더욱 진행된
상태였으며,따라서 NT-proBNP의 혈중 농도는 간경화증의 진행과 이와 동
반된 심장 이상을 평가하는데 유용한 예측 인자로 생각된다.
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ⅠⅠⅠ...IIINNNTTTRRROOODDDUUUCCCTTTIIIOOONNN

Relationsbetweencardiovascularpathophysiologyandthecomplicationsof
liver disease have been increasingly recognized for half a century
(Kowalskietal.,1953;Abelmannetal.,1955).Thesystemiccirculationin
patients with cirrhosis is hyperdynamic and is characterized by an
increased heartrateand cardiacoutputand reduced systemicvascular
resistancewithnormalordecreasedarterialbloodpressure(Kowalskiet
al.,1953;Abelmannetal.,1955;Schrieretal.,1988; Llachetal.,1988;
Mølleretal.,1995;Mølleretal.,1997;Naschitzetal.,2000).Additionally,
cirrhosisisassociatedwith othercardiovascularabnormalities,including
portalhypertension,hepatopulmonary syndromeand changes in several
different vascular territories, such as, in the renal and cerebral
vasculatures(Baik etal.,2004).In cirrhoticpatients,cardiacoutputis
increasedatrest,andithasbeenassumedthatsystolicfunctionisnormal
orevensupranormal(Huetal.,2004;Baiketal.,2004).However,many
cirrhotic patients presentwith dyspnea,fluid retention,and a limited
exercisecapacity(Mølleretal.,1997;Epsteinetal.,1998;Fallonetal.,
2000).The new clinicalentity of impaired cardiac contractility and
performanceincirrhoticpatients,cirrhoticcardiomyopathy,wasintroduced
in the middle 1990s.This term implies a condition with defective
myocardial contractility, under physical and pharmacological strain,
althoughthisdiseaseentityhasnotyetbeenfinally classifiedandthe
mechanismsbehindthecardiacabnormalitiesarenotfullyunderstood(Ma
etal.,1996;Mølleretal.,2002;Baiketal.,2004).Severalpreviousstudies
haveshownincreasedplasmaconcentrationsofbrainnatriureticpeptide
(BNP)and N-terminalpro B-typenatriureticpeptide(NT-proBNP)in
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some patients with cirrhosis,and these findings may suggestcardiac
dysfunction(LaVillaetal,1992;Bendtsenetal.,1993;LaVillaetal.,
1995;Bernardietal.,1998;Iwauetal.,2000;Wongetal.,2001;Mølleret
al.,2002;Henriksenetal.,2003;Baiketal.,2004).BNPisaneurohormone
synthesizedincardiacventricles,andisreleasedaspreproBNPandthen
enzymaticallycleavedtoNT-proBNPandBNPuponventricularmyocyte
stretching.Moreover,bloodmeasurementsofBNPandNT-proBNPhave
beenusedtoidentifypatientswithcongestiveheartfailure(McCulloughet
al.,2003).BNP measurementsarethediagnostictestofchoicebecause
NT-proBNP is influenced by age and renal function.Nevertheless,
NT-proBNPwassuggestedrecentlytobeaevenbetterindicatorofearly
cardiacdysfunctionduetoitsstabilityandlongerbiologicalhalflife(Hunt
etal.,1997;Hughesetal.,1997;Campelletal.,2000;Goetzeetal2001;
McCulloughetal.,2003).However,untilnow few studyhaveassessed
levelsofcirculatingNT-proBNPinpatientswithcirrhosis.Therefore,the
presentstudywasundertakentosearchforrelationsbetweencirculating
levels ofNT-proBNP and the severities ofliverdisease and cardiac
dysfunction,andfurther,toinvestigatecardiacstructuresandfunctionsby
echocardiography,andassesstheircorrelationswithdiseaseseverityand
cardiacdysfunctionincirrhoticpatients.
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ⅡⅡⅡ...MMMAAATTTEEERRRIIIAAALLLSSSAAANNNDDD MMMEEETTTHHHOOODDDSSS

Sixty-threecirrhoticpatientswereincludedin thepresentstudy.They
consistedof40menand23women,withameanageof55.8±10.1years
(range 40-71 years).Diagnoses were based on established clinical,
biochemical,and ultrasonography criteria.The cause ofcirrhosis was
post-hepaticcirrhosisduetohepatitisB virusinfection in 32patients,
hepatitis C virus infection in six patients,alcoholic in 19 patients,
autoimmunein2patients,andcryptogenicin4patients.Accordingtothe
Child-Turcotte-Pughclassification16patientswereinclassA,29inclass
B and 18 in classC.Thecontrolgroup (group 1)comprised fifteen
healthyadultswithameanageof52.9±10.5years(range41-67years).
Wedividedthecirrhoticpatientsintoacompensatedgroupwithoutascites
(group2,n=28)andadecompensatedgroupwithascites(group3,n=35).
Thepatientsingroup3hadreceiveddiuretictherapyalongwithaless
strictdietarysaltrestriction(440mmolsodium perday),butadditional
cardiovascularmedication,includingbetablockers,wasnotprescribedfor
any ofthesepatients.Seventeen patientshad ahepaticencephalopathy
history.Exclusion criteriaforstudy subjectswerepresenceofcardiac,
pulmonary,and renaldiseases,hypertension,and other majororganic
diseases.Allpatients and controls received a normalcardiac physical
examination,chestX-ray,and electrocardiography (ECG).Thebaseline
clinicaland biochemicalcharacteristicsofthepatientsand controlsare
summarizedinTable1.
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Blood wasdrawn from a forearm vein afteratleastten minutes of
resting supine, and was collected in standard sampling tubes for
NT-proBNP analysis,and in appropriate tubes for other laboratory
determinations. A complete blood count, prothrombin time (PT; as
reflected by the internationalnormalized ratio (INR)),liverand renal
function tests were performed using standard laboratory automated
techniques. Serum NT-proBNP levels were determined using a
commercially available immunoassay based on the sandwich technique
(Elecsys proBNP,Roche Diagnostics);its lower and upper limits of
detection were5pg or35,000pg/ml,respectively.Thisisarapid assay
withatesttimeofapproximately18minforasinglesample;testresults
arecalculated automatically.Allpatientsand controlswerestudied by
M-mode, two-dimensional, and Doppler echocardiography via a
transthoracicapproach.Cardiacdimensionsandleftventricularhypertrophy
were evaluated by measuring echocardiographic parameters including
interventricular septum thickness in diastole (IVSd), left ventricular
posteriorwallthicknessindiastole(LVPWd),leftventricularend-diastolic
diameter(LVEDD),leftventricularend-systolicdiameter(LVESD),left
ventricularmassindex (LVMI),andleftatrialdiameter(LAD).Systolic
pumpfunctionoftheleftventricle(LV)wasevaluatedbyejectionfraction
(EF).Diastolicfunctionoftheleftventriclewasevaluatedbythepeak
fillingvelocityofE(E)andA waves(A)ofDopplermitralvalveinflow
velocities,E/A ratio,Ewavedecelerationtime(EDT),mitralvalveannular
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velocities(E')byDopplertissueimaging,andE'/E.Inaddition,LV-Tei
index was used as a parameter of combined systolic and diastolic
myocardialperformanceoftheLV.

Allstatisticalevaluations were performed using the SPSS statistical
package(Version11,SPSS,Chicago,Illinois).Resultsareexpressedas
means± SD forraw values.Oneway analysisofvariance(ANOVA)
with Tukey'sB posthocpairwisemultiplecomparison procedurewas
usedforassessmentofthebetweengroup(1,2,and3)differencesin
baselinecharacteristics,echocardiographicparameter,andcirculatinglevels
of NT-proBNP. Correlations were performed by Pearson regression
analysis,andPvaluesof<0.05wereconsideredstatisticallysignificant.
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ⅢⅢⅢ...RRREEESSSUUULLLTTTSSS

Echocardiographicparametersaccordingtothedecompensationcomponent
ofcirrhosisaregiveninTable2.Leftatriaweresignificantlyenlargedin
cirrhoticpatients(groups2,3)than in thegroup(group1)ofnormal
controls(39.71±4.75mm ingroup2and40.51±4.60mm ingroup3vs.
35.07±7.39mm ingroup1)andwallthicknessofleftventricleswere
increasedincirrhoticpatientsthanincontrols(10.07±2.02mm or9.21±
1.77mm ingroup2and10.14±1.70mm or9.63± 1.22mm ingroup3
vs.8.67±1.54mm or8.20±1.66mm ingroup1,IVSdorLVPWdin
eachgroup,P < 0.05).EF orE/E'werealsoincreasedandEDT was
prolongedinpatientswithcirrhosisversuscontrols(70.50± 7.81% or
10.51±1.93or254.29±60.75msecingroup2and71.17±7.02% or
11.78±2.25or271.13±53.74msecingroup3vs.59.33±6.17% or8.81
±1.08or206.00±35.32msecingroup1,respectively,P< 0.05).Onthe
other hand,no statistically significant differences were observed for
LVEDD andLV-Teiindexbetweengroups1,2and3.IncreasedLVMI
and a decreased E/A ratio werenoted in thegroup ofpatientswith
ascitesascomparedwiththeothergroups(123.54±22.50g/㎡ or0.90±
0.32ingroup3vs.110.18± 23.06g/㎡ or1.01±0.37ingroup2and
102.80± 23.54g/㎡ or1.15± 0.37ingroup1,respectively,P < 0.05).
Circulating levelsofNT-proBNP weresignificantly higherin cirrhotic
patientsthaninnormalcontrols(155.88± 69.75pg/mlingroup2and
198.26± 146.69pg/mlingroup3vs.40.27± 13.58pg/mlingroup1,
respectively,P < 0.05),but no significant mean NT-proBNP level
differencewasobservedbetweengroups2and3(P > 0.05;Figure1).
When patients were grouped according to the Child-Turcotte-Pugh
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classification,circulatinglevelsofNT-proBNPweresignificantlyhigherin
ChildclassC thaninclassesB andA,andincontrols(250.00±176.60
pg/mlinChildclassCvs.168.63±71.34pg/mlinChildclassB,119.60±
67.29 pg/mlin Child class A,and 40.27 ± 13.58 pg/mlin controls,
respectively,P < 0.05),and nosignificantNT-proBNP leveldifference
was observed between Child classes B and A (P > 0.05).When
circulatingNT-proBNPconcentrationsincirrhoticpatientswerecorrelated
with echocardiographicparameters,significantpositivecorrelationswere
foundwithLVEDD (r=0.277,P=0.028)andE/E'(r=0.450,P=0.01)
(Table 3,Figure3).However,no significant correlations were found
between NT-proBNP levelsand EF,LAD,IVSd,LVPWd,LVMI,E/A
ratio, EDT, or LV-Tei index (P > 0.05), In addition, circulating
NT-proBNP concentrationswerenotfoundtoberelatedtobiochemical
parameterssuchashemoglobin,albumin,INR ofPT,orbilirubin(P >
0.05;Table3).
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ⅣⅣⅣ...DDDIIISSSCCCUUUSSSSSSIIIOOONNN

Cardiacdysfunctionincirrhosisliesattheintersectionbetweentwofields
ofstudyandisoftenignoredbyhepatologistsandcardiologists.However,
cirrhosisisassociatedwithmanycardiovascularchangesorabnormalities
including hyperdynamiccirculation,portalhypertension,hepatopulmonary
syndrome,andhepatorenalsyndrome.Themainchangeofcardiovascular
function in cirrhotic patients, i.e., a hyperdynamic circulation, as
manifested by an increased cardiac output and a decreased arterial
pressure,hasbeen recognized fora long time(Kowalskietal.,1953;
Abelmannetal.,1955;Schrieretal.,1988; Llachetal.,1988;Mølleret
al.,1995;Mølleretal.,1997;Naschitzetal.,2000).Increased cardiac
outputin cirrhoticpatientsisassociated with severalfactorsincluding
increasedsympatheticnervousactivity,increasedbloodvolume,andthe
presence of arteriovenous communications (Levy et al., 1988;
Fernandez-Rodriguezetal.,1993;Henriksenetal.,1998).Moreover,dueto
thepresenceofincreasedcardiacoutputatrest,ittendstobeassumed
thatcardiaccontractilefunctionisnormalorevensupranormalincirrhotic
patients(Baiketal.,2004).However,manypatientspresentwithdyspnea,
fluidretention,andlimitedexercisecapacitythatissuggestiveofearly
cardiacdysfunctionorovertheartfailure(Mølleretal.,1997;Epsteinet
al.,1998;Fallon et al.,2000).Thus,there is a need to consider
cardiovascular function changes in cirrhotic patients from a different
standpoint.From afunctionalpointofview,theheartincirrhosisisboth
hyperdynamic and dysfunctional.Experimentaland clinicalstudies of
cirrhoticpatientsstronglysuggestthepresenceoflatentheartfailurewith
impairedreactionstostandardizedprovocations(Mølleretal.,2002).Inthe
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1970s,latentormild alcoholiccardiomyopathy waspresented by some
studiesofcardiacfunctioninpatientswithalcoholiccirrhosis,asshowing
depressedventricularresponsivenesstostimulisuchasdrugsorexercise
(Gouldetal.,1969;Limasetal.,1974).Forinstance,Gouldandco-workers
(Gouldetal.,1969)showedthatexerciseinducedadoublingoftheleft
ventricularend-diastolicpressureassociatedwithaninsignificantchange
incardiacoutputinalcoholicpatientswithchronicliverdisease,indicating
amarkedlybluntedcardiacresponse.Overtheinterveningperiod,blunted
and depressed ventricular contractile responses to stimulihave been
reported in animalmodels and in patients with nonalcoholic cirrhosis
(Ahmedetal.,1984;Friedmanetal.,1992; Wongetal.,1994;Mølleret
al.,1995;Maetal.,1996;Epsteinetal.,1998;Wongetal.,1999;Fallonet
al.,2000;Perelloetal.,2000).Therefore,in patientswith allformsof
cirrhosis,concomitantcardiac dysfunction is characterized by baseline
hypercontractility.However,depressedcontractileresponsetophysiologic
orpathophysiologic stimulihas recently been referred to as cirrhotic
cardiomyopathy, a clinical entity which is clinically and
pathophysiologicallydifferentfrom alcoholicheartmuscledisease(Leeet
al.,1989;Maetal.,1996).Leftventricularperformanceisusuallyreduced
in alcoholic heartmuscle disease oralcoholic cardiomyopathy.On the
other hand,cirrhotic cardiomyopathy comprises compound changes in
increased cardiac output related to normal or increased systolic
performancewithoutstimuliatrest,butdepressedcontractileresponseto
various strain,decreased beta-adrenergic receptorfunction,postreceptor
dysfunction,defectiveexcitationcontractioncoupling,andinsomepatients
conductance abnormalities (Bernardietal.,1998;Mølleretal.,2002).
Cirrhoticcardiomyopathyhasbeendescribedasanasymptomaticcondition



- 16 -

thatmayassumeclinicalimportanceduringvolumeorpressureoverload.
Thatis,clinicallysignificantcardiacdysfunctionandlatentheartfailure
associatedwithimpairedcardiaccontractilityduringpreloadandafterload,
maybeoutcome(Ahmedetal.1984;Pozzietal.,1997).Thus,itappears
that patients with a cirrhotic heart may presentwith sodium fluid
retentionandstrainoftenunmasksthepresenceoflatentheartfailure.No
specifictreatmentcanberecommended,andevidentventricularfailurein
patients with cirrhotic cardiomyopathy should be treated as having a
non-cirrhotic etiology by sodium restriction,diuretics, and afterload
reduction,butspecialcautionshouldbetakenduringandafterstressful
procedures,suchas,surgery,shuntimplantation,andlivertransplantation
(Mølleretal.,2002;Baiketal.,2004).Sinceheartfailureischaracterized
by complicatedcardiorenal,hemodynamic,andneurohormonalalterations,
informationonnumerousvariablesisrequired,e.g.,clinicalstatus,exercise
capacity,hemodynamic variables,echocardiographic parameters,several
markersofneurohumoralactivation,andbiochemicalmarkersofend-organ
dysfunction,toassessandmonitorpatientswithheartfailure(Mannet
al.,1999;Mairetal.,2005).Ingeneral,structuralorfunctionalchangesin
thecirrhoticheartareeasilyevaluatedbyM-mode,two-dimensional,and
Dopplerechocardiographic studies via the transthoracic approach.Main
structuralchangesinthecirrhoticheartareobservedintheleftheart,and
include,leftatrium dilatation,and hypertrophy ordilatation oftheleft
ventricle.Histologicalchangesincludingmyocardialfibrosis,subendocardial
edema,andnuclearandcytoplasmicvacuolationofcardiomyocyteshave
been reported by necropsy studies in a patientpopulation limited to
alcoholiccirrhosis(Maetal.,1996;Liuetal.,1999;Mølleretal.,2002;
Baiketal.,2004).Inthepresentstudy,leftatrialenlargement,increased
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wallthicknessandEF oftheleftventricle,andE/E'ofmitralannulus
velocity werenotedin cirrhoticpatientsascomparedwith controls.In
addition,increasedLVMIandadecreasedE/A ratiowerenotedinthe
groupofasciticpatientsascomparedwithpre-asciticpatientsorhealthy
controls.On theotherhand,no statistically significantdifference was
observed between thesethreegroupsin termsofLVEDD orLV-Tei
index.Thesefindingsaresimilartothestructuralchangesreportedby
previousstudies,itisexpectedthatE/E'measurements,makeupforthe
weak pointsofDopplertransmitralinflow measurement,and thatE/E
'may beusedasareliablemarkerofdiastolicdysfunctionin cirrhotic
patients. More prevalent left ventricular hypertrophy and relaxation
abnormality in decompensated patients with more advanced cirrhosis
suggeststhatadvancedcirrhosisisassociatedwithmoreadvancedcardiac
dysfunction. Additionally, it has been reported that functional and
electrophysiologicalabnormalitiesalso develop in thecirrhoticheart.In
cirrhoticpatients,systolicfunction wasnormaloreven supranormalat
restwithoutastimulus,butcardiaccontractilefunction in responseto
strains attenuated these functions compared with healthy controls.
Diastolicdysfunctioninthecirrhoticheartappearstobemoreprevalent
than systolic dysfunction,thus echocardiography may revealabnormal
diastolic function undercircumstances withoutstrain oreven atrest
(Kelbaeketal.,1984;Wongetal.,1989;Groseetal.,1995;Finuccietal.,
1996;Pozzietal.,1997;Wongetal.,1999).Electrophysiologicalchanges
including prolonged repolarization and impaired cardiac
excitation-contraction coupling have been demonstrated in cirrhotic
patients(Kempleretal.,1993;Bernardietal.,1998;Finuccietal.,1998;
Trevisanietal.,2003;Baletal.,2003).Moreover,thenatriureticpeptides
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have been recently highlighted as major markers for the diagnosis,
severity,and prognosisofheartfailure.In contrastotherconventional
cardiacfunctiontestsaretimeconsumingandoftendonotcorrelatewell
with symptomatic changes in patients' conditions.B-type natriuretic
peptide (BNP) is a neurohormone synthesized with atrialnatriuretic
peptide(ANP)in cardiacventricles,andisreleasedaspreproBNP and
thenenzymaticallycleavedtoN-terminal-proBNP(NT-proBNP)andBNP
depend upon ventricular myocyte stretching and volume overload
(McCullough etal.,2003).In cases ofheartfailure,ventricularBNP
productionismarkedlyelevated,andcirculating BNP concentrationsare
consistently elevated in untreated heart failure (Mair et al.,2001).
Accordingly,blood measurements ofBNP and NT-proBNP have been
foundtobeofdiagnosticvalueincongestiveheartfailure(CHF)related
toCHF severity.Moreover,theycouldbeusedforadjusting treatment
andhavebeenshowntobepowerfulprognosticmarkersinbothchronic
and acute heart failure,independently of standard echocardiographic
parameters(Yuetal.,1999;Packeretal.,2003;McCulloughetal.,2003;
Hartmanetal.,2004).However,NT-proBNPisinfluencedbyageandthe
age-related normaldecline in glomerularfiltration rate,and thus,two
cutoffpointsmustbe used,i.e.,NT-proBNP >125 pg/mL in patients
youngerthan75yearsand> 450pg/mLinpatientsolderthan75years
(McCulloughetal.,2003).Despiteatightrelationshipbetweenageand
renalfunction,NT-proBNP,thecirculatingpropeptideofBNP,hasbeen
recently suggested to be an even better marker of early cardiac
dysfunctionorheartfailurethanBNP,becauseitismorestableandless
sensitivetorapidfluctuationscausedbyshortterm secretionstimulidue
toitsappreciablylongerbiologicalhalflife(Huntetal.1997;Hugheset
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al.,1999;Campelletal.,2000;Goetzeetal.,2001;McCullough etal.,
2003;4).A studybyHenriksenetal.,(Henriksenetal.,2003)showedthat
circulating proBNP concentrationsaresignificantly increased in patients
with advanced cirrhosis and that these are closely related to BNP
concentrations,butnosignsofreducedhepaticdegradationofproBNPor
ofBNP are presentin patients with cirrhosis,which suggests that
elevatedlevelsofproBNP andBNP arerelatedtomarkersofcirrhotic
severity and indicate the presence ofcardiac dysfunction in advanced
cirrhosis.Inthepresentstudy,circulatingNT-proBNPlevelswerefound
tobesignificantlyhigherincirrhoticpatientsthanincontrols,andalso
higherinChildclassC patientsthaninChildclassB orA patients,or
controls.Inaddition,wefoundthatcirculatingNT-proBNPconcentrations
are significantly and positively correlated with the standard
echocardiographicparametersLVEDD andE/E'incirrhoticpatients.On
theotherhand,circulatingNT-proBNPconcentrationswerenotfoundto
berelatedtobiochemicalparameterssuchashemoglobin,albumin,INRof
PT,or bilirubin.Importantly,a significant correlation was observed
between NT-proBNP and Child class,which suggests thatcirculating
NT-proBNPlevelsarelikelytoberelatedtotheseverityofcirrhosis.In
addition,thefindingsthatcirculating NT-proBNP levelsincreasedwith
thesameincrementaltendencieswithrespecttoLVEDDandE/E'suggest
thatNT-proBNP provides valuableinformation aboutabnormalcardiac
function and structuralabnormalities in patients with liver cirrhosis.
AscitesisoneoftheparametersoftheChild-Turcotte-Pughclassification
thatindicatesliverdiseaseseverity.Thus,progressiveincreasesin the
ascitesratiosin patientsfrom ChildClassesA,B andC isexpected,
however,no significantcirculating NT-proBNP leveldifferences were
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observedbetweenpre-asciticandasciticcirrhoticpatientsinthepresent
study.Thisresultrepresentsastudypitfall,whichmaybeattributableto
diuretictherapybeforebloodsamplingincirrhoticpatientswithascites.
DeLemosandhiscolleagues(DeLemosetal.,2003)haveadvocatedthat
the neteffectofbeta-blockers and diuretics is often to reduce BNP
concentration.Therefore,furtherpathophysiologicalandclinicalresearchis
needed to assess the significance of therapy with diuretics
andbeta-blockers.Inconclusion,thepresentstudyshowsthatcirculating
NT-proBNPconcentrations,LAD andLVEDD,E/A ratio,EDT,andE/E'
may be reliable indicators ofthe extentofcardiac abnormalities in
cirrhoticpatients.Additionally,increasedlevelsofNT-proBNPwerefound
toberelatedtodiseaseseverityinpatientswithallformsofcirrhosis.
Thus,itmay be suggested thatcardiac dysfunction is related to an
increased circulating proBNP concentration,which in turn is more
prominentinseveredisease,andthatNT-proBNPhaspredictivevaluein
casesofconcomitantcardiacdysfunctionandcirrhoticprogression.
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VVV...SSSUUUMMMMMMAAARRRYYY

Background and Objectives :Cardiac dysfunction and a hyperdynamic
systemic circulation may be present in cirrhotic patients. B-type
natriuretic peptide (BNP) and N-terminal-proBNP (NT-proBNP) are
cardiacneurohormonesthatreflectearlyventriculardysfunction,andare
releasedfrom cardiacventriclesinresponsetoincreasedwalltension.The
purposeofthepresentstudywastoidentifyrelationsbetweencirculating
levels ofNT-proBNP and the severity ofliver disease and cardiac
dysfunctioninpatientswithcirrhosis.
MaterialsandMethods:Sixty-threecirrhoticpatients(M/F=40/23,mean
age55.8±10.1years)andfifteenhealthycontrols(M/F=9/6,meanageof
52.9±10.5years,group1)wereincludedinthepresentstudy.Circulating
levelsofNT-proBNPweredeterminedinechocardiographicallyexamined
patients,whichwereallocatedtooneofthreegroups(16patientsinclass
A,29inclassBand18inclassC)accordingtotheChild-Turcotte-Pugh
classificationorintotwogroups,i.e.,acompensatedgroupwithoutascites
(group2,pre-ascitics,n=28),anddecompensatedgroupwithascites(group
3,ascitics,n=35).
Results :Circulating NT-proBNP levels were significantly higher in
cirrhoticpatients(groups2,3)thaninnormalcontrols(155.88± 69.75
pg/mlingroup2and198.26±146.69pg/mlingroup3vs.40.27±13.58
pg/mlin group 1,respectively,P < 0.05),butno significantmean
NT-proBNPleveldifferencewasobservedbetweengroups2and3(P>
0.05).However,NT-proBNPlevelsweresignificantlyhigherinChildclass
C patientsthaninclassesB andA patientsorcontrols(250.00±176.60
pg/mlinChildclassCvs.168.63±71.34pg/mlinChildclassB,119.60±
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67.29 pg/mlin Child class A,and 40.27 ± 13.58 pg/mlin controls,
respectively,P < 0.05),and nosignificantNT-proBNP leveldifference
wasobservedbetweenChildclassesBandA (P> 0.05).Leftatriawere
significantlyenlargedingroups2and3thaningroup1(39.71±4.75mm
ingroup2and40.51±4.60mm ingroup3vs.35.07±7.39mm ingroup
1)andwallthicknessofleftventricleswereincreasedincirrhoticpatients
thanincontrols(10.07±2.02mm or9.21±1.77mm ingroup2and10.14
±1.70mm or9.63± 1.22mm ingroup3vs.8.67±1.54mm or8.20±
1.66mm ingroup1,IVSdorLVPWdineachgroup,P< 0.05).EF or
E/E'were also increased and EDT was prolonged in patients with
cirrhosisversuscontrols(70.50±7.81% or10.51±1.93or254.29±60.75
msecingroup2and71.17±7.02% or11.78±2.25or271.13±53.74
msecingroup3vs.59.33±6.17% or8.81±1.08or206.00±35.32msec
ingroup1,respectively,P< 0.05).IncreasedLVMIandadecreasedE/A
ratiowerenotedinthegroupofpatientswithascitesascomparedwith
theothergroups(123.54±22.50g/㎡ or0.90±0.32ingroup3vs.110.18
±23.06g/㎡ or1.01±0.37ingroup2and102.80±23.54g/㎡ or1.15±
0.37ingroup1,respectively,P< 0.05).CirculatingNT-proBNPlevelsof
cirrhoticpatientssignificantlyandpositivelycorrelatedwithLVEDD (r=
0.277,P=0.028)andE/E'(r=0.450,P=0.01).
Conclusion :Circulating NT-proBNP levelswerehigh in patientswith
cirrhosis,andarelikelytoberelatedtotheseverityofdiseaseincirrhotic
patients.Advanced cirrhosis is associated with an advanced cardiac
dysfunction,andNT-proBNPhaspredictivevalueforconcomitantcardiac
dysfunctionandcirrhosisprogression.
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Table1.Baselineclinicalandbiochemicalcharacteristicsofthe
cirrhoticpatientsandcontrols

Parameter Control
N=15

Cirrhoticgroup
Pre-Ascitic
N =28

Ascitic
N =35

Age 52.87±10.49 56.68±9.22 54.94±11.01
Sex(male/female) 6/9 18/10 22/13
Hb(g/L) 13.66±1.54 10.76±2.16* 10.31±2.04*
PT(INR) 0.96±0.11 1.34±0.24* 1.62±0.34+*
Album (g/L) 4.13±0.40 3.40±0.55* 2.85±0.43+*
Totalbilirubin(mg/dl) 0.62±0.14 3.05±6.95 4.66±4.11*
Na 143.67±2.35 138.39±4.57* 136.49±5.73*
K 4.31±0.91 3.98±0.71 4.32±0.59
Cr 1.00±0.18 1.04±0.28 1.07±0.30

EEEtttiiiooolllooogggyyy
HBV 14 18
HCV 3 3
Alcohol 9 10
Autoimmune 0 2
Cryptogenic 3 1

Hb;Hemoglobin, PT ;Prothrombintime, Cr;Creatinine

*P<0.05,comparedwithcontrol.+P<0.05,comparedwithpreasciticgroup.
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Parameter Control
N =15

Cirrhoticgroup
Pre-Ascitic
N =28

Ascitic
N=35

EF(%) 59.33±6.17 70.50±7.81* 71.17±7.02*

LAD(mm) 35.07±7.39 39.71±4.75* 40.51±4.60*

LVEDD(mm) 46.47±2.56 49.00±3.06 48.23±4.59
IVSd(mm) 8.67±1.54 10.07±2.02* 10.14±1.70*

LVPWd(mm) 8.20±1.66 9.21±1.77 * 9.63±1.22*

LMI(g/m2) 102.80±23.54 110.18±23.06 123.54±22.50 *

E/A ratio 1.15±0.37 1.01±0.37 0.90±0.32*

E/E' 8.81±1.08 10.51±1.93* 11.78±2.25*

EDT(msec) 206.00±35.32 254.29±60.75* 271.13±53.74 *

LVTeiindex 0.33±0.07 0.34±0.12 0.33±0.13

Table2.Echocardiographicparametersincirrhoticpatientsandcontrols

*P<0.05,comparedwithcontrol.+P<0.05,comparedwithpreasciticgroup.

Hb;Hemoglobin, PT ;Prothrombintime, Cr;Creatinine
EF;Ejectionfractionofleftventricle,LAD;Leftatrium diameter
LVEDD;Leftventricularend-diastolicdiameter
IVSd;Interventricularseptum thicknessindiastole
LVPWd;Leftventricularposteriorwallthicknessindiastole
LVMI;Leftventricularmassindex,E/A ratio;RatioofvelocityofEwave
tovelocityofA waveofDopplermitralvalveinflow
EDT ;DecelerationtimeofEwave,E';Mitralvalveannularvelocities
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Parameter Correlationcoefficients(r) pvalue
Hb(g/L) -0.076 0.556
Albumin(g/L) -0.105 0.415
Totalbilirubin(mg/dl) 0.195 0.127
PT(INR) 0.172 0.178
EF(%) 0.022 0.864
LAD(mm) 0.150 0.239
LVEDD(mm) 0.277 0.028
IVS(mm) 0.111 0.386
LVPWD(mm) 0.124 0.333
LV massindex(g/㎡) 0.080 0.532
E/A ratio 0.058 0.653
E/E' 0.450 0.01
DT (msec) 0.144 0.260
Teiindex 0.099 0.442

EF;Ejectionfractionofleftventricle,LAD;Leftatrium diameter
LVEDD;Leftventricularend-diastolicdiameter
IVSd;Interventricularseptum thicknessindiastole
LVPWd;Leftventricularposteriorwallthicknessindiastole
LVMI;Leftventricularmassindex,E/A ratio;RatioofvelocityofE
wavetovelocityofA waveofDopplermitralvalveinflow
EDT ;DecelerationtimeofEwave,E';Mitralvalveannularvelocities

Table3.CorrelationofcirculatingNT-proBNPconcentrationswith
echocardiographicparametersincirrhoticpatients
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Figure 1.Circulating levels ofNT-proBNP in controls and cirrhotic
patientsdividedintoacompensatedgroupwithoutascites(pre-ascitic)and
adecompensatedgroupwithascites(ascitic).
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Figure 2.Circulating concentrations of NT-proBNP in controls and
cirrhotic patients grouped as class A, B, C according to the
Child-Turcotte-Pughclassification.
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Figure 3.Circulating NT-proBNP levels in cirrhotic patients versus
echocardiographicparameters.NT-proBNP levelswerefoundtocorrelate
significantlyandpositivelywithLVEDDandE/E'.
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