


Metabolic Effects of Furosemide +HSS in Refractory Ascites

Discussion

Our findings underline the possible inflammatory and metabolic effect of saline overload cor-
rection in treatment of cirrhosis complications such as refractory ascites, suggesting a possi-
ble role of inflammatory and metabolic-nutritional variables as severity markers in these
patients.

Introduction

Cirrhosisand congestivéneartfailure (CHF) shareanimpairmentof circulatoryandvolume
homeostasisliciting neuro-hormonalandinflammatoryresponseandleadingto retentionof
sodiumandwater.

With regardof inflammatoryresponsegytokinesregulatesomepathologicprocessem the
liver, suchasliver growth andregenerationliver damagen viral liver diseasdjver fibrosisin
cirrhosis[1]

Furthermore,it hasbeenreportedthat patientswith chronicliver diseaseappearusually
thin asaconsequencef hypermetabolistate diminishedfoodintake,andmalnutrition. Lep-
tin, anadipocytokinehasbeenreportedasinvolvedin this procesg2] Otheradipocytokines
playanimportantrolein lipid metabolismandliver diseas@rogressionVisfatina52-kDa
protein havebeenreportedashighly expressedy liver, muscle[3] andby adiposeissug4]

A recentstudy[5]reportedthat patientswith chronicHBV infection showecdhigherserum
levelsof adiponectinandvisfatin,but lowerleptin levelshan healthycontrols,andthe same
authorsreportedasignificantpositivecorrelationbetweerserumadipocytokindevelsand
liver fibrosisstages.

Anotherrecentstudy[6] reportedthatin subjectsvith alcoholiccirrhosisfollowing adjust-
mentfor fat massyisfatinlevelswveresignificantlyhigherfrom Child-PughClassA to ClassC.

Furthermore Jeptinis strictly linked with hepaticmetabolism7] andaveryrecentstudy
[8]reporteda up-regulationof leptinin subjectsvith non-alcoholicsteatohepatiti$NASH),
promoting liver fibrosisby meanshepaticstellatecells(HSC)viathe hedgehogndthe hedge-
hog-regulateadsteopontinlOPN) pathways.

Neverthelesgp the bestof our knowledgeno studyhasaddressethe effectivenessf treat-
mentof complicationsof cirrhosissuchasasciteandfluid overloadon thesenflammatory
andmetabolicabnormalities.

Our groupin arecentclinicaltrial reported[9] safetyand effectivenessf intravenous
hypertonicsalinesolutions(HSS)plus high-dosefurosemidecomparedo seriatedoaracent-
esisin subjectswith cirrhosisandrefractoryascitesFurthermore our group[10] reportedthat
high-dosgurosemideplussmall-volumehypertonicsalinesolutions(HSS)is effectiveon low-
ering natriuretic peptidesandimmune-inflammatorymarkerlevels.

Specific objective and hypothesis

On this basisthe hypothesi®f our studywasthat the clinical effectivenessf high dosefurose-
mide + HSScould beaccomplishedby paralleleffectson inflammatory,natriureticand meta-
bolic pathwaysxpressetly change®f cytokinespatriuretic peptides|eptin andvisfatin
serumlevelsaftertreatment.

On thebasisof our previousown resultsfrom anotherclinicaltrial [10], weevaluatedhe
metabolicandinflammatoryeffectof intravenoushigh-dosefurosemideplusHSScompared
with repeatedparacentesiandastandardoral diuretic schedulein patientswith cirrhosisand
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refractoryascitesevaluatingheir effectson a panelof serumbiomarkerssuchassomeinflam-
matory cytokines ANP/BNP,leptin andvisfatinserumlevelsby meansof analysiof differ-
encedf their serumlevelsdbeforeandaftertreatmentwith high dosefurosemidet HSS.

Materials and Methods

All consecutiveirrhotic patientspresentingwith ascitesinresponsivéo ambulatorytreat-
mentat PalermoUniversityHospital (Azienda Ospedaliera Policlinico ‘Paolo Giaccone’) who
wereadmittedto the Internal MedicineWard of PalermoUniversityHospitalfrom December
2013to DecembeR015wereofferedenrolmentin the studyprotocolafteradiagnosisof asci-
teshadbeenmadeandall potentialcontraindicationsexcluded.

Refractoryascitediasbeendefinedaccordingto the International AscitesClub criteria[11]
as:(a) diuretic-resistantefractoryascitesx 1.5kg/weekweightlosswhile beingtreatedwith
furosemidg(160mg/daynd spironolactong400mg/day)pr an equivalendoseof aloop-act-
ing anddistal-actingdiuretic; or (b) diuretic-intractablerefractoryascitesx 1.5kg/weekveight
lossasaresultof theinability to usean effectivedoseof diuretic becausef developmenbf
diuretic-inducedhyponatremig(sodiumlevel<125mEq/L), hyperkalemigpotassiumevel
>5.5mEqg/L)renalfailure (doubling of serumcreatinineor values>2.5g/dL)or encephalopa-
thy; (c) previousdietaryrestriction of sodiumbetweerb0-66mEdday. Exclusioncriteria
were:non-cirrhotic ascitescongestivéneartfailure,acuterenalfailure,hepatocellulacarci-
noma(13),cancerrheumatologiadiseasesr acuteinfectiousdiseased he studywas
approveddy University Policlinico P. GiacconeEthicsCommitteeand written informed con-
sentwasobtainedfor all patientsTrial registrationon Clinical Trials.govfor technicalprob-
lemsdueto theregistrationprocesshasbeencompletedn June2016whentheresearchers
haveyetcompletedhe study[ClinicalTrials.govdentifier: NCT02821377].

Theauthorsconfirm thatall ongoingandrelatedtrials for this drug/interventionare
registered.

Theclinicaltrial designis basedn previousown resultsfrom anotherclinicaltrial [10]
conductedby our groupthatwasnot registeredor technicalproblemslinked to registration
siteandbecauséhejournal thatatthe endof thetrial publishedit did not requiretrial registra-
tion. Thistrial isanewtrial enrolling differentsubjectsn differentenrolimenttimesanddoes
not representain extensiorof this previoustrial or afollow-up studyof the samepatients

Daily clinical and laboratory evaluation
Treatment protocol (Fig 1) (S1 File, S2 File, S3 File)

Group A: treatmentwith intravenousnfusion of furosemidg(dosesl 25+250mgbid) plus
smallvolumesof HSS(150mL1.4+4.69NacCl),from thefirst dayafteradmissionuntil 3 days
beforedischargewith waterrestrictionandanormal sodiumdiet.

Group B: repeatecparacentesil+6L daily) from thefirst dayafteradmissionuntil 3 days
beforedischargewith albuminreinfusionatarateof 5-8g/L of removedascitesThelastpara-
centesigat 3 days from admission) wasatotal paracentesi8.1+2.7L)plusiv albumininfusion
(8¢ per liter of ascitic fluid removed) following amethodpreviouslydescribed.

Blood sample collection (Fig 1)

Bloodsamplesrom eachsubjectenrolledweredrawnafteratleast30minof bedrestin a
supineposition,within 24hof admissionandafter8 daysof activetreatment.Bloodsamples
werecentrifuged(10,000gandthe resultingsupernatantvasimmediatelyfrozenat-80EC
until analysisvascompleted.
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CONSORT 2010 Flow Diagram
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Fig 1. Imnmune-inflammatory and metabolic effects of high dose furosemide plus hypertonic saline
solution (HSS) treatment in cirrhotic subjects with refractory ascites.

doi:10.137/journal.pon€165443.g001

Metabolic and immune-inflammatory biochemical evaluation

We evaluateglasmaevelsof ANP, BNP,Leptin,visfatin,andIL-18, TNF-a,IL-6 weremea-
suredusingasandwichELISA(HumanIL-1B8, TNF-a,IL-6 6 Diaclone). ANP andBNPplasma
concentratiorwasmeasuredn duplicateby asolid phasesandwichmmune-radiometric
assayor humanBNP(IRMA, ANP andBNP,Sheringcisbio int). Theminimum detectable
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concentrationdor the diagnostidestsare: TNF-a:8pg/mL;IL-1B: <1pg/mL;IL-6: <0.81pg/
mL; ANP:3.1pg/mL;BNP:5pg/mL.

Leptinandvisfatinweremeasuredy ELISASandwichleptin Mediagnostandisfatin
PhoenixPharmaceticalbic); the minimum detectableoncentrationfor thesediagnostideste
were:leptin 0.8ng/ml;visfatin:1.8ng/ml.

As primary efficacyendpointwe choseo evaluatehe difference(A) betweeradmission
valueanddischargevalueof somelaboratoryvariables:

- A-ANP (pg/ml): evaluatedy meansof the differencebetweenANP plasmdevelsatadmis-
sionand ANP plasmdevelsatdischarge.

- A-BNP (pg/ml): evaluatedy meansof the differencebetweerBNP plasmaevelsatadmis-
sionand BNPplasmadevelsatdischarge.

- A-TNF-a (pg/ml): evaluatedy meansof the differencebetweernTNF-¢ plasmdevelsat
admissionand TNF-« plasmdevelsatdischarge.

- AIL-1B (pg/ml): evaluatedy meansof the differencebetweerlL-1p plasmdevelsatadmis-
sionandlIL-1p plasmdevelsatdischarge.

- A-visfatin(ng/ml): evaluatedy meansof the differencebetweerserumvisfatinatadmission
andserumvisfatinatdischarge.

- A-Leptin (ng/ml): evaluatedy meansof the differencebetweerserumleptin atadmission
andserumleptin atdischarge.

Statistical Analysis

Resultarepresentecasmeanst SD.Analyse®f the datawereperformedusingthe unpaired
Student'd testandthe Mann-Whitney non-parametridest. The chi-squaredestwasusedfor
comparingeffectivenessndpointdifferencedetweercasesindcontrols.To calculatehe
numberof patientsto beenrolled,wedefinedasmeaningfulefficacya significantdifferencein
metabolicandimmune-inflammatoryvariablesat dischargebetweerthe two groupswith a
two tailedbetaerror of 20%anda powerof 0.80.We added7 more patientsto the estimated
samplesizeof 40 patientsto compensatéor possibledrop outs;thefinal sampletherefore,
comprised4? patients Datawereanalyzedy IBM SPSSoftware22version(IBM Corp.,
Armonk, NY, USA).All p-valuesveretwo-sidedand p<0.05wasconsideredstatistically
significant

Results

Werecruited73subjectswith refractoryascitegnine subjectsvereexcludedon the basisof
exclusiorcriteriaandfive patientsrefusedo participatein the study).Fifty-nine (59 patients,
38menand21women)representedhe final sampleGeneralndclinical characteristicef
enrolledpatientsarelistedon Tablel.

Themeanagewas64+13.6/earsPatientsvererandomizednto two groups.

GroupA, 31patients16(51.61%hadHepatitisC (HCV) cirrhosis;4 patients(12.9%had
HepatitisB virus (HBV) cirrhosis;five (16.12%hadcombinedHCV/HBYV cirrhosis;6 (19.35%)
hadalcoholcirrhosiswithout viral infection.

Group B, 28patients:16 patients(57.14%hadHCYV cirrhosis;3 patients(10.71%had
HBV cirrhosis;4 (14.28%had combinedHCV/HBYV cirrhosisandfive (17.85%hadalcohol
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Table 1. Demographics, clinical and laboratory characteristics of subjects with refractory ascites.

Number of subjects

Gender (M/F)

Age (years) (mean “sd)

SBP (mm/hg) (mean “sd)

DBP (mm/hg) (mean “ds)

Heart rate (beats/min) (mean “ds)

* Etiology of cirrhosis(n/%)
o HBV
o HCV
o HCV/HBV
o Alcohol related

* Diuretic-resistant refractory ascites, n (%)
* Diuretic-intractable refractory ascites, n (%)

* Pre-treatment diuretics
 furosemide, n (%)
* spironolactone, n (%)

Baseline furosemide dosage (mg/day) (mean “sd)
Baseline spironolactone dosage (mg/day) (mean “sd)
Mean daily intravenous furosemide dosage (mg/day) (mean “sd)

Esophageal varices (F1/F2/F3); n (%)

High dose furosemide +HSS

Seriate paracentesis

31 28

18/13 18/10

64.7 “10.5 62.9 “8.2
121 8.9 1239.1
844.2 80“5.6
816.5 79°5.7

L[] (o]

*4(12.90) 03(10.71)
*16(51.61) 016 (57.14)
*5(16.12) 04 (14.28)
*6(19.35) 05 (17.85)
*13(41.93) * 16 (57.14)

* 18 (58.06) * 12 (42.85)
*27(87.09) * 28 (100)
*29 (93.54) * 27 (96.42)
180.96 “21.03 179.35 “20.46
429.00 “53.05 423.31"53.16
275.90 “47.65 -

11 (35.48); 10 (32.25); 10 (32.25)

7 (25); 9 (32.14); 12 (42.85)

Bilirubin (mg/dl) (mean “sd)) 2.4"0.9 2.9
Albumin (g/L) (mean “sd) 2.6“4 2.7"6
Prothrombin time (% of control) (mean “sd) 41 “14 47 “17

INR (mean “sd) 1.74“1.3 1.83“1.3
serum sodium (mEg/L) (mean “sd) 132“1.4 131 1.7
serum potassium (mEg/L) (mean “sd) 4.140.8 4.40.3
Diuresis (ml/24 h) (mean “sd) 850 “147 825 “198
Spot urinary sodium (mEg/L) (mean “sd) 37.5 “8.8 39.8 “9.2
Urinary Na (mEg/24 h) (mean “sd) 82 “25 7912.4
Intrahospital deaths (n/%) 2(3.92) 4(12.90)
Child Pugh (mean “sd) 8.1“1.9 8.02.2
MELD score (mean “sd) 21 (2.1) 20(1.8)
The mean volume of removed ascites (mL) (mean “sd) 4800 (1200)
Total volume of removed ascites (mL) (mean “sd) 16400 (3400)

Demographic and clinical data are expressed as percentage (n°). Laboratory variables are expressed as mean “ds.
SBP: systolic blood pressure; DBP; diastolic blood pressure; HR: heart rate; HBV: hepatitis B virus: HCV: Hepatitis C virus; Pre-treatment drugs: drugs used
immediately prior to hospitalization or study enrolment; sd: standard deviation.

doi:10.137/journal.pon®165443101

cirrhosis.In Group B themeannumberof paracentesiperformedin thewholegroupwas2.5
+0.95(rangel+4),the meanvolumeof ascitesemovedwas4.8+1.3 .

Daily dosagef furosemidewasdefinedconsideringurinary volume,blood pressurevalues
andseverityof ascitesThe doseof HSSwasdeterminedin eachpatientaccordingto these
scheduledor serumNavalues< 125mEq/L,the HSSconcentratiorwas3.5%andfor serum
Navalues> 135mEq/L the HSSconcentrationvariedbetweerl.4%and 2.4%.

Themeanadministereddoseof furosemidein groupA was275.90+47.6Bg/die.Baseline
spironolactonedosagavas429.00+53.0mg/dayin groupA patientsand423.31+53.1&
groupB patients(p = 0.71);baselindurosemidedosagevas180.96+21.08g/dayin groupA
patientsand 179.35t20.46mg/dayin group B patients(p = 0.56)(Tablel)
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Table 2. Clinical and Laboratory variables before (at admission) and after treatment with high dose furosemide + HSS (Group A) or after seriated
paracentesis (Group B).

Furosemide plus HSS (n: 31) Seriated paracentesis (n: 28)

Before After p Before After o]
Number of subjects 31 31 28 28
Weight (Kg) (mean “sd) 76 “6.6 70 6.4 0.001 77 3.8 75.12.8 0.001
Diuresis (ml/24 h) (mean “sd) 850 “147 1805 “131 0.05 825 “198 950 “124 0.07
creatinin (mg/dl) (mean “ds) 1.6 0.5 1.250.3 0.06 1.66 “0.6 1.96 “0.6 0.08
* Ascites n (%) *12(38.70) . . . . .
e grade | *10(32.25) * 26 (83.87) * 0.001 . *12(42.8) .
e grade Il *9(29.03) *5(16.12) * 0.001 * 12 (42.85) *10(35.71) *0.032
e grade Ill . * 0.001 *16 (57.14) *6(21.42 ¢ 0.001
Child Pugh score (mean “sd) 8.2 7.6 0.037 9.8 8.9 0.045
HE (n/ %) 8 (15.68) 6 (11.76%) 0.82 4 (12.90) 5(16.12) 0.78
SBP (n/ %) - - - - 6(19.35) 0.002
ANP (pg/ml) (mean “sd) 32428 22415 0.001 2925 2525 0.021
BNP (pg/ml) (mean “sd) 13.6 “3.8 7.5"3.1 0.05 12.42.8 10.02.4 “2.8 0.035
IL-1  (pg/ml) (mean “sd) 9.67 “4.5 4.77 “4.5 0.05 8.97“2.5 7.88“15 0.71
IL-6 (pg/ml) (mean “sd) 15.65+5.19 10.35+£3.19 0.05 16.11+4.23 14.31+£2.11 0.85
IL-10 (pg/ml) (mean “sd) 4.25+2.19 4.75+2.19 0.05 4.54+3.20 4.01+£3.20 0.78
TNF- . (pg/ml) (mean “sd) 13.08 “3.88 8.06 “2.18 0.001 10.38 “3.88 11.28 “3.88 0.55
Visfatin (ng/ml) (mean “sd) 9.211.54 5.41“1.24 0.001 10.01+1.35 9.07+1.35 0.45
Leptin (ng/ml) (mean “sd) 5.23+2.36 7.98.21+2.36 0.05 4.23+2.06 4.71+2.06 0.39

Demographic and clinical data are expressed as percentage (n°). Laboratory variables are expressed as mean *“sd.
HE: hepatic encephalopathy; SBP: spontaneous bacterial peritonitis; ascites grade was evaluated by Ascites International Club criteria (5); sd: standard
deviation.

doi:10.137/journal.pon€165443002

At dischargethe patientsin Group A hadsignificantlyhigherdiuresisandsodiumplasma
levelsandsignificantlylower bodyweightandlegedemaand pleuraleffusionprevalencend
medianChild Pughscorethe medianchangen Child-Pughscoreat dischargavassignifi-
cantlyhigherin Group A comparedwith Group B (1.6vs.0.9;P< 0.05)(Tables? and 3). At
discharge26(83.87%pubjectsn Group A hadgradel asciteatdischargers.12(42.8)sub-
jectsin GroupB (p<0.001)5 (16.12%)s.10(35.71%])n groupB hadgradell ascites
(p<0.001wherea® vs.6 (21.42%)n Group B hadgradelll ascitegp = 0.029).

Legedemaat dischargevasobservedn 4 (6.6%)in groupA vs.10(32.2)in groupB
(p<0.001)whereapleuraeffusionwasobservedn 2 (3.3%)subjectsn GroupA vs.4(16.6%)
subjectsn Group B (p<0.001) Patientdn GroupsA andB hadsimilar serumlevelsof TNF-o,
IL-1B, IL-6, ANP,BNP,visfatinandleptin atadmission.

After treatmentwith high dosefurosemide+ HSSweobserved significantreductionof
serumlevelsof TNF-o, IL-1B, IL-6, ANP, BNP,visfatinin Group A patientswhereasve
observedsignificantincreaseof leptin serumlevelsin Group B weobservednly asignifi-
cantreductionof ANP and BNP serumlevelsput no significantdifferencewvasobserved
regardingserumlevelsof TNF-q, IL-1B, IL-6 visfatinandleptin.

With regardto primary efficacyendpoints,jn Group A vs.Group B weobservedigherA-
TNF-0. (-5.02vs. - 0.99; p<0.001),A-1L-1B (-4.9 vs. -1.09; p = 0.024),A-1L-6 (-5.3 vs. -1.8;

p =0.067),A-ANP (-10.13 vs. -2.45; p<0.001),A-BNP (-4.9 vs. -2.38; p = 0.031), A-visfatin(-3.8
vs. 0.94; p = 0.039), A-Leptin (+2.76 vs. +0.51; p = 0.037) atdischargg Table3)

PLOS ONE | DOI:10.1371/journal.pone.0165443 December 12, 2016 7/13



Metabolic Effects of Furosemide +HSS in Refractory Ascites

Table 3. Comparison between the two groups treated with high dose furosemide+HSS (group A) or with seriate paracentesis. (group B) with regard
of clinical and laboratory variables at discharge.

High dose furosemide+HSS (n: 31) Seriate paracentesis (n: 28) p
Gweight (Kg) -6.02 “3.8 -4.53.8 0.001
Diuresis (ml/24 h) 1805 “131 750 “124 0.001
Serum creatinin (mg/dl) (mean “sd) 1.450.3 1.76 “0.6 0.08
Sodium (mEg/L) (mean “sd) 137 3.8 1334.6 0.04
Potassium (mEg/L) (mean “sd) 4.40.6 4205 0.78
Urinary Na (mEQg/24 h) 158 “25 73.5"12.4 0.001
Urinary K (mEQg/24 h) 83 “21 59 “29 0.021
Ascites at discharge (n/ %) 14 (23,3) 11 (45.8) 0.001
* Ascites grade U U * 0.001
e Grade | *8(13,3) .- ¢ 0.001
e Grade ll *3(5) *9(37,5) *0.029
¢ Grade lll *3(5) *2(8,3)
Leg oedema (n/ %) 4 (6.6) 10(32.2) 0.001
Pleural effusion (n/ %) 2(3.3) 4(16.6) 0.001
Child Pugh score (median) 7.6 8.9 0.04
G Child Pugh score (median) -1.6 -0.9 0.012
HE (n/ %) 8(13,3) 3(12,5) 0.67
Spontaneous bacterial peritonitis (n/ %) - 2(8,3)
HRS (n/ %) 4(8) 2(8,3) 0,54
Gl bleedings (n/ %) 3(5.5) 1(4.1) 0,07
pre-existing renal failure progression (n/ %) 4(8) 2(8,3) 0,43
Acute renal failure (n/ %) 2(4) 1(4,1%) 0,47
Hospitalization (days) (n/ %) 9.42.2 9.9 “2.0 0.68
Intrahospital deaths (n/%) 2(3.3) 1(4.4) 0,06
G-ANP (pg/ml) -10.13 -2.45 0.001
G-BNP (pg/ml) -4.9 -2.38 0.031
G-IL-1 (pg/ml) -4.9 -1.09 0.024
G-IL-6 (pg/ml) -5.3 -1.8 0.0
G-IL-10(pg/ml) +0.50 -0.53 0.067
G-TNF- . (pg/ml) -5.02 -0.99 0.001
G0-visfatin (ng/ml) -3.8 -0-94 0.039
0-Leptin(ng/ml) +2.76 +0.51 0.037

Demographic and clinical data are expressed as percentage (n°). Laboratory variables are expressed as mean “sd.

Gweight: body weight difference (body weight at admission-body weight after treatment with high dose furosemide+HSS or seriate paracentesis); 0Child
Pugh score: Child pugh score change (Child Pugh score at admission- Child Pugh score at discharge); HE: hepatic encephalopathy; HRS: Hepathorenal
Syndrome; Gl bleedings: gastrointestinal bleedings; Ascites at discharge: grade of ascites valuated three days after end of diuretic treatment period or last
paracentesis.

Ascites grade was evaluated by Ascites International Club criteria (5).

doi:10.137/journal.pon®165443003

Discussion

In the presentstudywe evaluatedmmune-inflammatoryand metaboliceffectof atreatment
with high dosefurosemidet+ HSShy meansof analysiof change®f cytokine,natriuretic pep-
tide, visfatinandleptin serumleveldn subjectswith cirrhosisandrefractoryascites.

We observed higherdegreeof reductionof serumlevelsof natriuretic peptidesinflamma-
tory cytokinesandvisfatinin subjectdreatedwith high dosefurosemideplusHSS(Group A)
in comparisonwith subjectdreatedwith seriateparacentesi€Group B).
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At dischargepatientsin Group A, consistentith our own previousfindings[10] had
significantlyhigherdiuresisandsodiumplasmaevelsandsignificantlylowerbodyweight,
whereagatientsof patientsallocatedo paracentesi€Group B) hadaweightlossof 4.5kg
aftermorethan 16liters of paracentesisthisfinding is dueto the factthatlargeor refrac-
tory ascites frequentlynecessitateseriatetparacentesis and althoughthis procedureis effec-
tiveto treatascitesmostpatientswith refractoryascitesvho underwentseriateparacentesis
futherly developasciteseryearlyafterthis procedurewith rapid abdominaldistensionand
rapid weightgainthusthe comulativeweightlossafterseriateparacentesis relativelypoor
[12].

In groupA subjectsvealsoobserved significantincreasen serumlevelsof leptinin com-
parisonwith no significanteffectson serumlevelsof the samenflammatoryand metabolic
markersin Group B subjectsThuswecanconcludethattreatmentwith high dosefurosemide
+ HSSmaymodify theinflammatoryand metabolicdmilieu® in subjectswith refractoryascites.
High serumlevelsof somecytokinesmayrepresent characteristi¢eatureof cirrhosis,regard-
lessof underlyingetiology,asadirectconsequencef liver dysfunctioninsteadof aninflam-
matorydisorder[13,14,15,16,17].

A studyconductedby Kitaokaetal.[14] reportedthat serumlevelsof Th1/Th2typecyto-
kinesareassociatewith progressiorof chronictypeC liver diseaseThus,owingto the high
percentagef viral cirrhosisamongour recruitedpatients positiveeffectson serumlevelsof
someinflammatorycytokinesmaybetterexplaintherapeuticeffectivenessf intravenoushigh
dosefurosemideplusHSSin comparisorto seriategparacentesis.

Furthermore hepatitisC infection per se is associatewith peripheralandhepaticinsulin
resistanceSubstrateompetitionby increasedipid oxidationand possiblyenhancedepatic
expressiomf inflammatorycytokines/mediatorsould beinvolvedin the defectiveglucose
regulation[18]. No dataareavailablewith regardto therole of cytokinesin the progressiorof
otherchronicliver diseasesuchasNASH or alcoholic liver disease, thus our findings obtained
in patients with a high prevalence of chronic HCV hepatitis are consistent with previous findings
indicating a crucial role of cytokines in disease progression [19,20].

Inflammation also seems to have an important role on development of cirrhosis complications
such as ascites and a recentstudy[18] reportedthatin experimentatirrhosismodelsanacti-
vationof theimmune systenoccursbeforeasciteglevelopment.

Our findings of asignificantmodulationof someinflammatoryand metabolicmarkers
aftertreatmentof refractoryascitesn patientswith cirrhosismaysuggesthattheimmune-
inflammatoryand metabolicaxiscould represent possibldurther pathogenidasisof cirrho-
sisprogressiorandits complications Thesedfindingshavebeenobtainedin anunselected,
consecutivgroupof patientswith refractoryasciteshuslimiting samplingbiasandconse-
gquentbiasedestimates.

Geneticandenvironmentalfactorshavearole in the developmenbf somehepaticdisease
suchasNASH andhepaticfibrosisin cirrhosis,andit hasbeenreportedthatinflammatory
cytokinesmayregulatemetabolicandinflammatorychangesn this context[20+22].Further-
more,genotype-dependentifferencesn the developmenof fibrotic NASH [23] linked with
immune andinflammatoryresponseto metabolicchangefiavebeenreportedin some
murine modelsof hepaticdamage.

A recentstudy[24] reportedthat Th1-typemiceon ahighfatdiet (HFD) regimenaremore
proneto adiposity liver inflammationandfibrosis,thus confirming the strict relationship
betweerhepaticdisordersandmetabolicchanges.

Thusinflammatoryand metabolicmarkersin cirrhotic subjectsouldrepresentidirect
expressiornf fibrosisgradeand severityof cirrhosis.Our findings maysuggespossiblespecu-
lation abouttherole of inflammatoryand metabolicabnormalitiesn ascitegpathogenesis.
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Thesdindingsareconsistenwith previousfindingsby Pruimboometal.[25] showing
higherserumlevelsof somecytokinessuchasinterleukin-18,interleukin-6 andtumor necrosis
factor-o.andsolubleintercellularadhesiommoleculel in asciteand plasmasampleof
patientswith liver cirrhosis.Our findings arealsoconsistentvith previousresultsby Bacetal.
[26] that patientswith decompensatedscitediadaclearrelationshipbetweerplasmainter-
leukin-6levelsandclinical severityof cirrhosis(Child-Pughscore).

Neverthelesgp the bestof our knowledgetherelationshipbetweerinflammatorymarkers
anddecompensatedscitesemainsanissuethat hasnot beenfully addressedOur findings of
amoresignificantreductionof inflammatorycytokinessuchasTNF-a, IL-1B, II-6 andmeta-
bolic markerssuchasvisfatinandleptin seento indicatethat ameliorationof fluid overloadin
cirrhotic subjectswith refractoryascitesould beaccompaniedy parallelchange®f inflam-
matoryandmetabolicpathwaygrobablyassociateaith anadipocite-inflammatondysfunc-
tion thatrepresentshe metabolicsubstratén subjectsvith decompensateliver cirrhosis.

Hypermetabolisnin cirrhosisis associatewvith ahigh risk of complicationsand mortality
asfound by arecentstudy[27]reportingthat hypermetabolicirrhotic subjectdhadlowerlep-
tin serumlevels.

Nevertheless arecentstudy[28] authorsreportedasignificantpositivecorrelation
betweerserumandascitedeptin levelsThesdindingsindicatethatin patientswith decom-
pensatediver cirrhosis,intra-abdominalproduction of leptin maycontributeto metabolic
changesandthis finding appearsonsistenwith our findings.Anotherintriguing hypothesis
to analyzas the possibilitythat HSSmayexpresgotentialeffectson serumlevelsof inflamma-
tory cytokinesandnatriuretic peptidesn subjectsvith decompensatedirrhosis.

Our groupreported[12] that patientswith heartfailure treatedwith high-dosefurosemidet
HSShadsignificantlylower ANP and BNP serumlevelsB-typenatriuretic peptide(BNP) con-
centrationsarehigherin cirrhosis.In astudythatincluded83 patientshospitalizedvith decom-
pensatecirrhosis.Pimentaetal.[29] observedhatthe BNPlevelin cirrhosisreflectscardiac
systolicfunction andis anindependenfpredictorof medium-termsurvivalin advancedairrho-
sis.Furthermore severastudiessupportan associatiometweercardiaccomplicationof cirrho-
sisandincreasedevelsof natriuretic peptideswith adirectrelationshipbetweematriuretic
peptideserumdevelsandseverityof liver diseas§28+32].

Thusanincreaseof ANP and BNPserumlevelsseemso bestrictly relatedto cardiac
involvementin patientswith cirrhosis.Neverthelesgp the bestof our knowledgeno studyhas
addressedNP andBNP changesn responséo diuretic treatmentin patientswith cirrhosis
andin patientswith cirrhosisandascites.

Severattudiesdemonstratedhat both leptin mRNA and plasmadeptin levelsaredirectly
proportionalto measurementsf bodyfat [33+34].In addition, leptin secretioris regulatedhy
bodyfat-independenmechanismsanfusion of hypertonicsolutionssuchasgalactosenanni-
tol, andsodiumchloridehavebeenreportedto stimulateleptin secretior[34]. Thusour find-
ingsrelatedto theincreaseof leptin serumlevelsaftertreatmentwith high dosefurosemidet
HSScouldberelatedto the acuteeffectof intravenousHSS Neverthelesi appearplausible
thatanincreasen leptin levelscould alsobean effectof high dosefurosemiden association
with HSSin nutritional and metabolicpatternsof cirrhotic patients

Limitations

Our findingscouldbeconsistentith thereportedrole of T cellsandthe cytokineframework
that characterizgatientswith HCV infection, but thesefindingsand subsequenspeculation
maynot representvhathappensn all cirrhotic patientswith chronicliver diseasevith other
pathogenesig@lcohol ,post-NASH).
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Furthermore our proposedink betweertreatmentwith high dosefurosemideplushyper-
tonic salinesolutionsandanimprovedmetabolicprofile in our patientswith refractoryascites
couldappearspeculativewingto thefactthat observednetabolicandinflammatorymarker
changesnaybean epiphenomenorof the patientcongestiormediatedby furosemide+ HSS
ratherthanadirecteffectof the therapy.

Conclusions

Wefound ahigherdegreeof reductionof serumlevelsof natriuretic peptidesjnflammatory
cytokinesandvisfatinin cirrhotic subjectawvith refractoryascitedreatedwith high dosefuro-
semidet HSS We alsofound asignificantincreasen serumlevelsof leptinin comparison
with no significanteffectson serumlevelsof the sameanflammatoryand metabolicmarkersin
subjectgreatedwith seriatecbaracentesid hesdindingsunderlinepossiblénflammatory
andmetaboliceffectsof salineoverloadcorrectionin the treatmentof cirrhosiscomplications
suchasrefractoryascitesThis possiblysuggestarole of inflammatoryand metabolic-nutri-
tional variablesasseveritymarkersin thesepatients.
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