


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

Cirrhosisandcongestiveheartfailure(CHF) shareanimpairmentof circulatoryandvolume
homeostasiselicitingneuro-hormonalandinflammatoryresponsesandleadingto retentionof
sodiumandwater.

With regardof inflammatoryresponse,cytokinesregulatesomepathologicprocessesin the
liver,suchasliver growthandregeneration,liver damagein viral liver disease,liver fibrosisin
cirrhosis[1]

Furthermore,it hasbeenreportedthatpatientswith chronicliver diseasesappearusually
thin asaconsequenceof hypermetabolicstate,diminishedfoodintake,andmalnutrition. Lep-
tin, anadipocytokine,hasbeenreportedasinvolvedin thisprocess[2] Otheradipocytokines
playanimportant role in lipid metabolismandliver diseaseprogression.Visfatina52-kDa
proteinhavebeenreportedashighlyexpressedby liver,muscle[3] andbyadiposetissue[4]

A recentstudy[5]reportedthatpatientswith chronicHBV infectionshowedhigherserum
levelsof adiponectinandvisfatin,but lowerleptin levelsthanhealthycontrols,andthesame
authorsreportedasignificantpositivecorrelationbetweenserumadipocytokinelevelsand
liver fibrosisstages.

Anotherrecentstudy[6] reportedthat in subjectswith alcoholiccirrhosisfollowingadjust-
mentfor fatmass,visfatinlevelsweresignificantlyhigherfrom Child-PughClassA to ClassC.

Furthermore,leptin isstrictly linkedwith hepaticmetabolism[7] andaveryrecentstudy
[8]reportedaup-regulationof leptin in subjectswith non-alcoholicsteatohepatitis(NASH),
promotingliver fibrosisbymeanshepaticstellatecells(HSC)viathehedgehogandthehedge-
hog-regulatedosteopontin(OPN)pathways.

Nevertheless,to thebestof our knowledgeno studyhasaddressedtheeffectivenessof treat-
mentof complicationsof cirrhosissuchasascitesandfluid overloadon theseinflammatory
andmetabolicabnormalities.

Our groupin arecentclinical trial reported[9] safetyandeffectivenessof intravenous
hypertonicsalinesolutions(HSS)plushigh-dosefurosemidecomparedto seriatedparacent-
esisin subjectswith cirrhosisandrefractoryascites.Furthermore,our group[10] reportedthat
high-dosefurosemideplussmall-volumehypertonicsalinesolutions(HSS)iseffectiveon low-
eringnatriureticpeptidesandimmune-inflammatorymarkerlevels.

Specific objective and hypothesis

On thisbasis,thehypothesisof our studywasthat theclinicaleffectivenessof highdosefurose-
mide+ HSScouldbeaccomplishedbyparalleleffectson inflammatory,natriureticandmeta-
bolicpathwaysexpressedbychangesof cytokines,natriureticpeptides,leptin andvisfatin
serumlevelsaftertreatment.

On thebasisof our previousownresultsfrom anotherclinical trial [10], weevaluatedthe
metabolicandinflammatoryeffectsof intravenoushigh-dosefurosemideplusHSScompared
with repeatedparacentesisandastandardoraldiureticschedule,in patientswith cirrhosisand
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refractoryascites,evaluatingtheir effectson apanelof serumbiomarkerssuchassomeinflam-
matorycytokines,ANP/BNP,leptin andvisfatinserumlevelsbymeansof analysisof differ-
encesof their serumlevelsbeforeandaftertreatmentwith highdosefurosemide+ HSS.

Materials and Methods

All consecutivecirrhotic patientspresentingwith ascitesunresponsiveto ambulatorytreat-
mentatPalermoUniversityHospital(Azienda Ospedaliera Policlinico ‘Paolo Giaccone’) who
wereadmittedto theInternalMedicineWard of PalermoUniversityHospitalfrom December
2013to December2015wereofferedenrolmentin thestudyprotocolafteradiagnosisof asci-
teshadbeenmadeandall potentialcontraindicationsexcluded.

Refractoryasciteshasbeendefinedaccordingto theInternationalAscitesClubcriteria [11]
as:(a)diuretic-resistantrefractoryascites:<1.5kg/weekweightlosswhilebeingtreatedwith
furosemide(160mg/day)andspironolactone(400mg/day)or anequivalentdoseof aloop-act-
ing anddistal-actingdiuretic;or (b) diuretic-intractablerefractoryascites:<1.5kg/weekweight
lossasaresultof theinability to useaneffectivedoseof diureticbecauseof developmentof
diuretic-inducedhyponatremia(sodiumlevel<125mEq/L), hyperkalemia(potassiumlevel
>5.5mEq/L),renalfailure(doublingof serumcreatinineor values>2.5g/dL)or encephalopa-
thy; (c) previousdietaryrestrictionof sodiumbetween50-66mEq/day.Exclusioncriteria
were:non-cirrhotic ascites,congestiveheartfailure,acuterenalfailure,hepatocellularcarci-
noma(13),cancer,rheumatologicdiseasesor acuteinfectiousdiseases.Thestudywas
approvedbyUniversityPoliclinicoP.GiacconeEthicsCommitteeandwritten informedcon-
sentwasobtainedfor all patients.Trial registrationon ClinicalTrials.govfor technicalprob-
lemsdueto theregistrationprocesshasbeencompletedin June2016whentheresearchers
haveyetcompletedthestudy[ClinicalTrials.govIdentifier:NCT02821377].

Theauthorsconfirm thatall ongoingandrelatedtrials for thisdrug/interventionare
registered.

Theclinical trial designisbasedon previousownresultsfrom anotherclinical trial [10]
conductedbyour groupthatwasnot registeredfor technicalproblemslinked to registration
siteandbecausethejournal thatat theendof thetrial publishedit did not requiretrial registra-
tion. This trial isanewtrial enrollingdifferentsubjectsin differentenrollmenttimesanddoes
not representanextensionof thisprevioustrial or afollow-upstudyof thesamepatients

Daily clinical and laboratory evaluation

Treatment protocol (Fig 1) (S1 File, S2 File, S3 File)

Group A: treatmentwith intravenousinfusionof furosemide(doses125±250mg/bid) plus
smallvolumesof HSS(150mL1.4±4.6%NaCl),from thefirst dayafteradmissionuntil 3 days
beforedischarge,with waterrestrictionandanormalsodiumdiet.

Group B: repeatedparacentesis(4±6L daily) from thefirst dayafteradmissionuntil 3 days
beforedischargewith albuminreinfusionatarateof 5-8g/L of removedascites.Thelastpara-
centesis(at 3 days from admission) wasatotalparacentesis(8.1±2.7L)plusiv albumininfusion
(8g per liter of ascitic fluid removed) followingamethodpreviouslydescribed.

Blood sample collection (Fig 1)

Bloodsamplesfrom eachsubjectenrolledweredrawnafterat least30minof bedrestin a
supineposition,within 24hof admissionandafter8 daysof activetreatment.Bloodsamples
werecentrifuged(10,000g)andtheresultingsupernatantwasimmediatelyfrozenat -80ÊC
until analysiswascompleted.
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Metabolic and immune-inflammatory biochemical evaluation

Weevaluatedplasmalevelsof ANP,BNP,Leptin,visfatin,andIL-1β, TNF-a,IL-6 weremea-
suredusingasandwichELISA(HumanIL-1β, TNF-a,IL-6 6 Diaclone).ANP andBNPplasma
concentrationwasmeasuredin duplicatebyasolidphasesandwichimmune-radiometric
assayfor humanBNP(IRMA, ANP andBNP,Sheringcisbio int). Theminimum detectable

Fig 1. Immune-inflammatory and metabolic effects of high dose furosemide plus hypertonic saline

solution (HSS) treatment in cirrhotic subjects with refractory ascites.

doi:10.1371/journal.pone.0165443.g001
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concentrationsfor thediagnostictestsare:TNF-a:8pg/mL;IL-1β:<1pg/mL;IL-6:<0.81pg/
mL; ANP:3.1pg/mL;BNP:5pg/mL.

LeptinandvisfatinweremeasuredbyELISASandwich(leptin Mediagnostandvisfatin
PhoenixPharmaceticalsInc); theminimum detectableconcentrationfor thesediagnosticteste
were:leptin 0.8ng/ml;visfatin:1.8ng/ml.

Asprimary efficacyendpointwechoseto evaluatethedifference(Δ) betweenadmission
valueanddischargevalueof somelaboratoryvariables:

· Δ-ANP (pg/ml): evaluatedbymeansof thedifferencebetweenANP plasmalevelsatadmis-
sionandANP plasmalevelsatdischarge.

· Δ-BNP (pg/ml):evaluatedbymeansof thedifferencebetweenBNPplasmalevelsatadmis-
sionandBNPplasmalevelsatdischarge.

· Δ-TNF-α (pg/ml):evaluatedbymeansof thedifferencebetweenTNF-α plasmalevelsat
admissionandTNF-α plasmalevelsatdischarge.

· Δ IL-1β (pg/ml):evaluatedbymeansof thedifferencebetweenIL-1β plasmalevelsatadmis-
sionandIL-1β plasmalevelsatdischarge.

· Δ-visfatin(ng/ml): evaluatedbymeansof thedifferencebetweenserumvisfatinatadmission
andserumvisfatinatdischarge.

· Δ-Leptin (ng/ml): evaluatedbymeansof thedifferencebetweenserumleptin atadmission
andserumleptin atdischarge.

Statistical Analysis

Resultsarepresentedasmeans± SD.Analysesof thedatawereperformedusingtheunpaired
Student'st testandtheMann-Whitneynon-parametrictest.Thechi-squaredtestwasusedfor
comparingeffectivenessendpointdifferencesbetweencasesandcontrols.To calculatethe
numberof patientsto beenrolled,wedefinedasmeaningfulefficacyasignificantdifferencein
metabolicandimmune-inflammatoryvariablesatdischargebetweenthetwo groups,with a
two tailedbetaerror of 20%andapowerof 0.80.Weadded7 morepatientsto theestimated
samplesizeof 40patientsto compensatefor possibledrop outs;thefinal sample,therefore,
comprised47patients.Datawereanalyzedby IBM SPSSSoftware22version(IBM Corp.,
Armonk, NY, USA).All p-valuesweretwo-sidedandp<0.05wasconsideredstatistically
significant

Results

Werecruited73subjectswith refractoryascites(nine subjectswereexcludedon thebasisof
exclusioncriteriaandfivepatientsrefusedto participatein thestudy).Fifty-nine(59patients,
38menand21women)representedthefinal sample.Generalandclinicalcharacteristicsof
enrolledpatientsarelistedon Table1.

Themeanagewas64±13.6years.Patientswererandomizedinto two groups.
GroupA, 31patients:16(51.61%)hadHepatitisC (HCV) cirrhosis;4patients(12.9%)had

HepatitisBvirus(HBV) cirrhosis;five(16.12%)hadcombinedHCV/HBV cirrhosis;6 (19.35%)
hadalcoholcirrhosiswithout viral infection.

GroupB,28patients:16patients(57.14%)hadHCV cirrhosis;3 patients(10.71%)had
HBV cirrhosis;4 (14.28%)hadcombinedHCV/HBV cirrhosisandfive(17.85%)hadalcohol
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cirrhosis.In GroupBthemeannumberof paracentesisperformedin thewholegroupwas2.5
±0.95(range1±4),themeanvolumeof ascitesremovedwas4.8±1.3L.

Daily dosageof furosemidewasdefinedconsideringurinary volume,bloodpressurevalues
andseverityof ascites.Thedoseof HSSwasdeterminedin eachpatientaccordingto these
schedules:for serumNavalues< 125mEq/L,theHSSconcentrationwas3.5%andfor serum
Navalues� 135mEq/LtheHSSconcentrationvariedbetween1.4%and2.4%.

Themeanadministereddoseof furosemidein groupA was275.90±47.65mg/die.Baseline
spironolactonedosagewas429.00±53.05mg/dayin groupA patientsand423.31±53.16in
groupBpatients(p = 0.71);baselinefurosemidedosagewas180.96±21.03mg/dayin groupA
patientsand179.35±20.46mg/dayin groupBpatients(p = 0.56)(Table1)

Table 1. Demographics, clinical and laboratory characteristics of subjects with refractory ascites.

High dose furosemide +HSS Seriate paracentesis

Number of subjects 31 28

Gender (M/F) 18/13 18/10

Age (years) (mean �“sd) 64.7 �“ 10.5 62. 9 �“ 8.2

SBP (mm/hg) (mean �“sd) 121�“8.9 123�“9.1

DBP (mm/hg) (mean �“ ds) 84�“4.2 80�“5.6

Heart rate (beats/min) (mean �“ ds) 81�“6.5 79�“5.7

• Etiology of cirrhosis(n/%)

� HBV

� HCV

� HCV/HBV

� Alcohol related

•

• 4 (12.90)

• 16 (51.61)

• 5 (16.12)

• 6 (19.35)

�

� 3 (10.71)

� 16 (57.14)

� 4 (14.28)

� 5 (17.85)

• Diuretic-resistant refractory ascites, n (%)

• Diuretic-intractable refractory ascites, n (%)

• 13 (41.93)

• 18 (58.06)

• 16 (57.14)

• 12 (42.85)

• Pre-treatment diuretics

• furosemide, n (%)

• spironolactone, n (%)

•

• 27 (87.09)

• 29 (93.54)

•

• 28 (100)

• 27 (96.42)

Baseline furosemide dosage (mg/day) (mean �“sd) 180.96�“21.03 179.35 �“20.46

Baseline spironolactone dosage (mg/day) (mean �“sd) 429.00�“53.05 423.31�“53.16

Mean daily intravenous furosemide dosage (mg/day) (mean �“sd) 275.90�“47.65 -

Esophageal varices (F1/F2/F3); n (%) 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�“1

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 (mEq/L) (mean �“sd) 132�“1.4 131�“1.7

serum potassium (mEq/L) (mean �“sd) 4.1�“0.8 4.4�“0.3

Diuresis (ml/24 h) (mean �“sd) 850�“147 825�“198

Spot urinary sodium (mEq/L) (mean �“sd) 37.5 �“8.8 39.8 �“9.2

Urinary Na (mEq/24 h) (mean �“sd) 82 �“ 25 79�“12.4

Intrahospital deaths (n/%) 2(3.92) 4 (12.90)

Child Pugh (mean �“sd) 8.1�“1.9 8.0�“2.2

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:10.1371/journal.pone.0165443.t001
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At discharge,thepatientsin GroupA hadsignificantlyhigherdiuresisandsodiumplasma
levelsandsignificantlylowerbodyweightandlegedemaandpleuraleffusionprevalenceand
medianChild Pughscore;themedianchangein Child-Pughscoreatdischargewassignifi-
cantlyhigherin GroupA comparedwith GroupB(1.6vs.0.9;P<0.05)(Tables2 and3).At
discharge26(83.87%)subjectsin GroupA hadgradeI ascitesatdischargevs.12(42.8)sub-
jectsin GroupB(p<0.001),5 (16.12%)vs.10(35.71%)in groupBhadgradeII ascites
(p<0.001)whereas0 vs.6 (21.42%)in GroupBhadgradeIII ascites(p = 0.029).

Legedemaatdischargewasobservedin 4 (6.6%)in groupA vs.10(32.2)in groupB
(p<0.001),whereaspleuraeffusionwasobservedin 2 (3.3%)subjectsin GroupA vs.4 (16.6%)
subjectsin GroupB(p<0.001).Patientsin GroupsA andBhadsimilarserumlevelsof TNF-α,
IL-1β, IL-6, ANP,BNP,visfatinandleptin atadmission.

After treatmentwith highdosefurosemide+ HSSweobservedasignificantreductionof
serumlevelsof TNF-α, IL-1β, IL-6, ANP,BNP,visfatinin GroupA patients,whereaswe
observedasignificantincreaseof leptin serumlevels.In GroupBweobservedonly asignifi-
cantreductionof ANP andBNPserumlevels,but no significantdifferencewasobserved
regardingserumlevelsof TNF-α, IL-1β, IL-6 visfatinandleptin.

With regardto primary efficacyendpoints,in GroupA vs.GroupBweobservedhigherΔ-
TNF-α (-5.02 vs. - 0.99; p<0.001),Δ-IL-1β (-4.9 vs. -1.09; p = 0.024),Δ-IL-6 (-5.3 vs. -1.8;
p = 0.067),Δ-ANP (-10.13vs. -2.45; p<0.001),Δ-BNP (-4.9 vs. -2.38; p = 0.031),Δ-visfatin(-3.8
vs. 0.94; p = 0.039),Δ-Leptin (+2.76vs. +0.51; p = 0.037)atdischarge(Table3)

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 p

Number of subjects 31 31 28 28

Weight (Kg) (mean �“sd) 76�“6.6 70�“6.4 ��0.001 77�“3.8 75.1�“2.8 ��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 1.25�“0.3 0.06 1.66�“0.6 1.96�“0.6 0.08

• Ascites n (%)

• grade I

• grade II

• grade III

• 12(38.70)

• 10 (32.25)

• 9 (29.03)

•

• 26 (83.87)

• 5 (16.12)

• ——

•

• ��0.001

• ��0.001

• ��0.001

•

• ——

• 12 (42.85)

• 16 (57.14)

•

• 12 (42.8)

• 10 (35.71)

• 6 (21.42

•

•

• 0.032

• ��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) 32�“28 22�“15 ��0.001 29�“2.5 25�“2.5 0.021

BNP (pg/ml) (mean �“sd) 13.6�“3.8 7.5�“3.1 ��0.05 12.4�“2.8 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�“1.5 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) 9.21�“1.54� 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:10.1371/journal.pone.0165443.t002
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Discussion

In thepresentstudyweevaluatedimmune-inflammatoryandmetaboliceffectsof atreatment
with highdosefurosemide+ HSSbymeansof analysisof changesof cytokine,natriureticpep-
tide,visfatinandleptin serumlevelsin subjectswith cirrhosisandrefractoryascites.

Weobservedahigherdegreeof reductionof serumlevelsof natriureticpeptides,inflamma-
tory cytokinesandvisfatinin subjectstreatedwith highdosefurosemideplusHSS(GroupA)
in comparisonwith subjectstreatedwith seriateparacentesis(GroupB).

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

�ûweight (Kg) -6.02�“3.8 -4.5�“3.8 ��0.001

Diuresis (ml/24 h) 1805�“131 750�“124 ��0.001

Serum creatinin (mg/dl) (mean �“ sd) 1.45�“0.3 1.76�“0.6 0.08

Sodium (mEq/L) (mean �“ sd) 137�“3.8 133�“4.6 0.04

Potassium (mEq/L) (mean �“ sd) 4.4�“0.6 4.2�“0.5 0.78

Urinary Na (mEq/24 h) 158 �“ 25 73.5�“12.4 ��0.001

Urinary K (mEq/24 h) 83 �“ 21 59 �“ 29 0.021

Ascites at discharge (n / %) 14 (23,3) 11 (45.8) ��0.001

• Ascites grade�
• Grade I

• Grade II

• Grade III

•

• 8 (13,3)

• 3 (5)

• 3 (5)

•

• -

• 9 (37,5)

• 2 (8,3)

• ��0.001

• ��0.001

• 0.029

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

�ûChild 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

GI 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 / %) 9.4�“2.2 9.9 �“2.0 0.68

Intrahospital deaths (n/%) 2(3.3) 1 (4.4) 0,06

�û-ANP(pg/ml) -10.13 -2.45 ��0.001

�û-BNP(pg/ml) -4.9 -2.38 0.031

�û-IL-1�� (pg/ml) -4.9 -1.09 0.024

�û-IL-6(pg/ml) -5.3 -1.8 0.0

�û-IL-10(pg/ml) +0.50 -0.53 0.067

�û-TNF-�. (pg/ml) -5.02 - 0.99 ��0.001

�û-visfatin(ng/ml) -3.8 -0-94 0.039

�û-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.

�ûweight: body weight difference (body weight at admission-body weight after treatment with high dose furosemide+HSS or seriate paracentesis); �ûChild

Pugh score: Child pugh score change (Child Pugh score at admission- Child Pugh score at discharge); HE: hepatic encephalopathy; HRS: Hepathorenal

Syndrome; GI 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:10.1371/journal.pone.0165443.t003

Metabolic Effects of Furosemide +HSS in Refractory Ascites

PLOS ONE | DOI:10.1371/journal.pone.0165443 December 12, 2016 8 / 13



At discharge,patientsin GroupA, consistentwith our own previousfindings[10] had
significantlyhigherdiuresisandsodiumplasmalevelsandsignificantlylowerbodyweight,
whereaspatientsof patientsallocatedto paracentesis(GroupB) hadaweightlossof 4.5kg
aftermorethan16litersof paracentesis.This finding is dueto thefactthat largeor refrac-
tory ascites frequentlynecessitatesseriatedparacentesis and althoughthisprocedureiseffec-
tive to treatascites,mostpatientswith refractoryasciteswhounderwentseriateparacentesis
futherlydevelopascitesveryearlyafterthis procedurewith rapid abdominaldistensionand
rapid weightgainthusthecomulativeweightlossafterseriateparacentesisis relativelypoor
[12].

In groupA subjectswealsoobservedasignificantincreasein serumlevelsof leptin in com-
parisonwith no significanteffectson serumlevelsof thesameinflammatoryandmetabolic
markersin GroupBsubjects.Thuswecanconcludethat treatmentwith highdosefurosemide
+ HSSmaymodify theinflammatoryandmetabolicªmilieuº in subjectswith refractoryascites.
High serumlevelsof somecytokinesmayrepresentacharacteristicfeatureof cirrhosis,regard-
lessof underlyingetiology,asadirectconsequenceof liver dysfunctioninsteadof aninflam-
matorydisorder[13,14,15,16,17].

A studyconductedbyKitaokaetal.[14] reportedthatserumlevelsof Th1/Th2typecyto-
kinesareassociatedwith progressionof chronictypeC liver disease.Thus,owingto thehigh
percentageof viral cirrhosisamongour recruitedpatients,positiveeffectson serumlevelsof
someinflammatorycytokinesmaybetterexplaintherapeuticeffectivenessof intravenoushigh
dosefurosemideplusHSSin comparisonto seriateparacentesis.

Furthermore,hepatitisC infectionper se isassociatedwith peripheralandhepaticinsulin
resistance.Substratecompetitionby increasedlipid oxidationandpossiblyenhancedhepatic
expressionof inflammatorycytokines/mediatorscouldbeinvolvedin thedefectiveglucose
regulation[18]. No dataareavailablewith regardto theroleof cytokinesin theprogressionof
otherchronicliver diseasessuchasNASHor 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] reportedthat in experimentalcirrhosismodels,anacti-
vationof theimmunesystemoccursbeforeascitesdevelopment.

Our findingsof asignificantmodulationof someinflammatoryandmetabolicmarkers
aftertreatmentof refractoryascitesin patientswith cirrhosismaysuggestthat theimmune-
inflammatoryandmetabolicaxiscouldrepresentapossiblefurther pathogenicbasisof cirrho-
sisprogressionandits complications.Thesefindingshavebeenobtainedin anunselected,
consecutivegroupof patientswith refractoryascitesthuslimiting samplingbiasandconse-
quentbiasedestimates.

Geneticandenvironmentalfactorshavearole in thedevelopmentof somehepaticdisease
suchasNASHandhepaticfibrosisin cirrhosis,andit hasbeenreportedthat inflammatory
cytokinesmayregulatemetabolicandinflammatorychangesin thiscontext[20±22].Further-
more,genotype-dependentdifferencesin thedevelopmentof fibrotic NASH[23] linkedwith
immuneandinflammatoryresponsesto metabolicchangeshavebeenreportedin some
murinemodelsof hepaticdamage.

A recentstudy[24] reportedthatTh1-typemiceon ahigh fatdiet (HFD) regimenaremore
proneto adiposity,liver inflammationandfibrosis,thusconfirming thestrict relationship
betweenhepaticdisordersandmetabolicchanges.

Thusinflammatoryandmetabolicmarkersin cirrhotic subjectscouldrepresentadirect
expressionof fibrosisgradeandseverityof cirrhosis.Our findingsmaysuggestpossiblespecu-
lation abouttheroleof inflammatoryandmetabolicabnormalitiesin ascitespathogenesis.
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Thesefindingsareconsistentwith previousfindingsbyPruimboometal.[25] showing
higherserumlevelsof somecytokinessuchasinterleukin-1β,interleukin-6andtumor necrosis
factor-αandsolubleintercellularadhesionmolecule1 in ascitesandplasmasamplesof
patientswith liver cirrhosis.Our findingsarealsoconsistentwith previousresultsbyBacetal.
[26] thatpatientswith decompensatedasciteshadaclearrelationshipbetweenplasmainter-
leukin-6levelsandclinicalseverityof cirrhosis(Child-Pughscore).

Nevertheless,to thebestof our knowledge,therelationshipbetweeninflammatorymarkers
anddecompensatedascitesremainsanissuethathasnot beenfully addressed.Our findingsof
amoresignificantreductionof inflammatorycytokinessuchasTNF-α, IL-1β, Il-6 andmeta-
bolicmarkerssuchasvisfatinandleptin seemto indicatethatameliorationof fluid overloadin
cirrhotic subjectswith refractoryascitescouldbeaccompaniedbyparallelchangesof inflam-
matoryandmetabolicpathwaysprobablyassociatedwith anadipocite-inflammatorydysfunc-
tion that representsthemetabolicsubstratein subjectswith decompensatedliver cirrhosis.

Hypermetabolismin cirrhosisisassociatedwith ahigh risk of complicationsandmortality
asfoundbyarecentstudy[27]reportingthathypermetaboliccirrhotic subjectshadlowerlep-
tin serumlevels.

Neverthelessin arecentstudy[28] authorsreportedasignificantpositivecorrelation
betweenserumandascitesleptin levels.Thesefindingsindicatethat in patientswith decom-
pensatedliver cirrhosis,intra-abdominalproductionof leptin maycontributeto metabolic
changes,andthis finding appearsconsistentwith our findings.Another intriguing hypothesis
to analyzeis thepossibilitythatHSSmayexpresspotentialeffectson serumlevelsof inflamma-
tory cytokinesandnatriureticpeptidesin subjectswith decompensatedcirrhosis.

Our groupreported[12] thatpatientswith heartfailuretreatedwith high-dosefurosemide+
HSShadsignificantlylowerANP andBNPserumlevels.B-typenatriureticpeptide(BNP)con-
centrationsarehigherin cirrhosis.In astudythat included83patientshospitalizedwith decom-
pensatedcirrhosis.Pimentaetal.[29] observedthat theBNPlevelin cirrhosisreflectscardiac
systolicfunction andisanindependentpredictorof medium-termsurvivalin advancedcirrho-
sis.Furthermore,severalstudiessupportanassociationbetweencardiaccomplicationof cirrho-
sisandincreasedlevelsof natriureticpeptideswith adirectrelationshipbetweennatriuretic
peptideserumelevelsandseverityof liver disease[28±32].

Thusanincreaseof ANP andBNPserumlevelsseemsto bestrictly relatedto cardiac
involvementin patientswith cirrhosis.Nevertheless,to thebestof our knowledgeno studyhas
addressedANP andBNPchangesin responseto diuretic treatmentin patientswith cirrhosis
andin patientswith cirrhosisandascites.

Severalstudiesdemonstratedthatboth leptin mRNA andplasmaleptin levelsaredirectly
proportionalto measurementsof bodyfat [33±34].In addition,leptin secretionis regulatedby
bodyfat-independentmechanisms.Infusionof hypertonicsolutionssuchasgalactose,manni-
tol, andsodiumchloridehavebeenreportedto stimulateleptin secretion[34]. Thusour find-
ingsrelatedto theincreaseof leptin serumlevelsaftertreatmentwith highdosefurosemide+
HSScouldberelatedto theacuteeffectsof intravenousHSS.Neverthelessit appearsplausible
thatanincreasein leptin levelscouldalsobeaneffectof highdosefurosemidein association
with HSSin nutritional andmetabolicpatternsof cirrhotic patients

Limitations

Our findingscouldbeconsistentwith thereportedroleof T cellsandthecytokineframework
thatcharacterizepatientswith HCV infection,but thesefindingsandsubsequentspeculation
maynot representwhathappensin all cirrhotic patientswith chronicliver diseasewith other
pathogenesis(alcohol,post-NASH).
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Furthermore,our proposedlink betweentreatmentwith highdosefurosemideplushyper-
tonic salinesolutionsandanimprovedmetabolicprofile in our patientswith refractoryascites
couldappearspeculativeowingto thefactthatobservedmetabolicandinflammatorymarker
changesmaybeanepiphenomenonof thepatientcongestionmediatedby furosemide+ HSS
ratherthanadirecteffectof thetherapy.

Conclusions

Wefoundahigherdegreeof reductionof serumlevelsof natriureticpeptides,inflammatory
cytokinesandvisfatinin cirrhotic subjectswith refractoryascitestreatedwith highdosefuro-
semide+ HSS.Wealsofoundasignificantincreasein serumlevelsof leptin in comparison
with no significanteffectson serumlevelsof thesameinflammatoryandmetabolicmarkersin
subjectstreatedwith seriatedparacentesis.Thesefindingsunderlinepossibleinflammatory
andmetaboliceffectsof salineoverloadcorrectionin thetreatmentof cirrhosiscomplications
suchasrefractoryascites.Thispossiblysuggestsaroleof inflammatoryandmetabolic-nutri-
tional variablesasseveritymarkersin thesepatients.
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28. Pimenta J, Paulo C, Gomes A, Silva S, Rocha-Gonçalves F, Bettencourt P. B-type natriuretic peptide is

related to cardiac function and prognosis in hospitalized patients with decompensated cirrhosis. Liver

International 2010; 30(7):1059–66. doi: 10.1111/j.1478-3231.2010.02266.x PMID: 20492497

29. Rector WG Jr, Adair O, Hossack KF, Rainguet S. Atrial volume in cirrhosis: relationship to blood volume

and plasma concentration of atrial natriuretic factor. Gastroenterology 1990; 99(3):766–70. PMID:

2143159

30. Wong F, Siu S, Liu P, Blendis LM. Brain natriuretic peptide: is it a predictor of cardiornyopathy in cirrho-

sis? Clin Sci (Lond). 2001; 101(6):621–8.

31. Figueiredo A, Romero-Bermejo F, Perdigoto R, Marcelino P.The end-organ impairment in liver cirrho-

sis: appointments for critical care.Crit Care Res Pract. 2012; 2012:539412. doi: 10.1155/2012/539412

PMID: 22666568

32. Henriksen JH, G�¡tze JP, Fuglsang S, Christensen E, Bendtsen F, M�¡ller S.Increased circulating pro-

brain natriuretic peptide (proBNP) and brain natriuretic peptide (BNP) in patients with cirrhosis: relation

to cardiovascular dysfunction and severity of disease. Gut. 2003; 52(10):1511–7. PMID: 12970147

33. Frederich RC, Hamann A, Anderson S, Lollmann B, Lowell BB, and Flier JS. Leptin levels reflect body

lipid content in mice: evidence for diet-induced resistance to leptin action. Nat Med. 1995 Dec; 1

(12):1311–4. PMID: 7489415

34. Schoeller DA, Cella LK, Sinha MK, and Caro JF. Entrainment of the diurnal rhythm of plasma leptin to

meal timing. J Clin Invest. 1997 Oct 1; 100(7):1882–7. doi: 10.1172/JCI119717 PMID: 9312190

Metabolic Effects of Furosemide +HSS in Refractory Ascites

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

http://dx.doi.org/10.1002/hep.23031
http://www.ncbi.nlm.nih.gov/pubmed/19582803
http://dx.doi.org/10.1002/hep.23961
http://www.ncbi.nlm.nih.gov/pubmed/21105108
http://www.ncbi.nlm.nih.gov/pubmed/16220049
http://dx.doi.org/10.1002/hep.20826
http://dx.doi.org/10.1002/hep.20826
http://www.ncbi.nlm.nih.gov/pubmed/16175608
http://dx.doi.org/10.1111/liv.12335
http://www.ncbi.nlm.nih.gov/pubmed/24107103
http://www.ncbi.nlm.nih.gov/pubmed/7591361
http://www.ncbi.nlm.nih.gov/pubmed/8531597
http://dx.doi.org/10.1097/MEG.0000000000000516
http://www.ncbi.nlm.nih.gov/pubmed/26560751
http://www.ncbi.nlm.nih.gov/pubmed/15104370
http://dx.doi.org/10.1111/j.1478-3231.2010.02266.x
http://www.ncbi.nlm.nih.gov/pubmed/20492497
http://www.ncbi.nlm.nih.gov/pubmed/2143159
http://dx.doi.org/10.1155/2012/539412
http://www.ncbi.nlm.nih.gov/pubmed/22666568
http://www.ncbi.nlm.nih.gov/pubmed/12970147
http://www.ncbi.nlm.nih.gov/pubmed/7489415
http://dx.doi.org/10.1172/JCI119717
http://www.ncbi.nlm.nih.gov/pubmed/9312190

