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Vancomycin: the need to suit serum concentrations in 
hemodialysis patients
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ABSTRACT 

Thevancomycindoseforhemodialysis(HD)patientsshouldbeadjustedbymonitoringdrugserum
concentrations.However, thisprocedure isnot available inmosthealth services inBrazil,which
usuallyadoptsprotocolsbasedonpublishedstudies.Thetrialsavailablearecontroversial,andsev-
eralhavenotbeenconductedwithcurrentdialyzers.Thisstudyaimedatassessingthesuitabilityof
vancomycinserumconcentrationsinHDpatientsatapublichospital.BloodsamplesofHDpatients
werecollectedfromNovember2006toMay2007,attimeintervalsof48,96,120,or168hoursafter
vancomycinadministration.Drugmeasurementwasperformedwithpolarizedlightimmunofluo-
rescence.Approximately86%oftroughvancomycinserumconcentrationswerebelowtherecom-
mendedvalue,indicatingexposuretosubtherapeuticdosesandahigherriskforselectingresistant
microorganisms.

Keywords:vancomycin,chronicrenalfailure,hemodialysis.
[BrazJInfectDis2010;14(2):203-208]©ElsevierEditoraLtda.

INTRODUCTION

Vancomycin, an amphoteric and high-molec-
ular-weight complex tricyclic glycopeptide an-
tibiotic, available in the form of water-soluble
hydrochloride, isoftenused for treating severe
hospital infections.1Vancomycin concomitant-
ly inhibits thecellwall synthesisof susceptible
microorganismsorbacteria,alteringcytoplasm
membrane permeability and interfering with
RNAsynthesis.2Itsmostsigniicantadverseef-
fectsareototoxicityandnephrotoxicity.Marinho
(2005)hasreportedthatapproximately30%of
patients have experienced some adverse reac-
tiontovancomycin,suchasrenalfailure(18%),
thrombocytopenia(7%),neutropenia(2%),red
mansyndrome(2%),andototoxicity(1%).3

Theincreaseduseofvancomycinhasbeen
attributedtotheincreaseofnosocomialinfec-
tionscausedbymethicillin-resistantStaphylo-
coccus aureus (MRSA), which increased from
2%in1974tomorethan50%in2000.4

Bacterialinfectionsmostoftenoccurinhe-
modialysis (HD)patients. This ismost prob-
ably related to frequent violation of normal
skin and mucosa barriers than to immune
dysfunction. Bacterial infections in HD pa-
tients progress more rapidly and resolve less
promptly than those innon-uremicpatients.5 

Venousaccesssiteisthesourceof50%to80%
ofthebacteremiaepisodesindialysispatients.
Bacteremiacanleadtoendocarditis,meningi-
tis,osteomyelitis,paraspinalabscess,orforma-
tionof septic embolus.Arteriovenousistulas
donothaveanexitsite,thusbeingassociated
withlowerinfectionrates.6

InHDpatients,infectionscausedbyGram-
positive bacteria can be treated with vanco-
mycin,mainlyduetoitsactivityagainstmost
Gram-positive pathogens, especially MRSA.
Moreover, vancomycin has a long half life in
renal failure, which allows using intermittent
dosesregimes.7However,thepharmacokinetic
characteristicsof thisantibiotic shouldbere-
spectedtomaintainadequatelevels,minimize
the appearanceof resistant strains, andavoid
toxicity.8Changesinrenalfunctionassociated
withnormalagingorwithdiseasescanhavea
deepeffectonthepharmacologyofantibiotics,
whichrequiretheirdosestobeadjusted.9,10,11 
The amount of vancomycin removed by

HD is negligiblewhen conventional dialyzers
areused;however,whenusinghigh-flowmem-
branedialyzers,asigniicantreductioninvan-
comycinlevelscanoccur.5,11

Measurementof vancomycin serum levels
inpatientswithrenalfailureisrequiredtoas-
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sureadequatebactericidallevels.AccordingtoLentinoand
Leehey(2001),vancomycinmaximumandminimumserum
levelsare30-40µg/mLand5-10µg/mL,respectively.5
Due to the high variability of theminimum inhibi-

tory concentrations (MIC) for vancomycin-susceptible
staphylococcusstrains,arecentstudyhasrecommended
thatvancomycinlevelsrangefrom5to10timestheMIC
value.12

ThesuggesteddoseofvancomycinforHDpatientsis
15mg/kgevery7to10days.13However,whenhigh-flow
membranesareusedinHD,additionalvancomycindoses
arerecommendedateveryHDsession.14LentinoandLee-
hey(2001)haverecommendedthattheintervalbetween
vancomycindosesinHDpatientsshouldbeenlarged,but
treatmentshouldbeginwithanattackdoseof20mg/kg
andcontinuedwithsubsequentdosesof15mg/kgevery
sevendaysaftertheHDsession.5

Otherauthorshave suggestedchanges indosingand
intervalaccordingtotheadministrationregimenandthe
typeofdialyzerused.However,reviewingstudiesonthe
pharmacokineticsofvancomycininHDpatientsshowed
severallimitations,differentconclusionsandsuggestions
ofdoseadjustmentcouldbeidentifiedasshowninTable
1. The divergences and limitations of the studies pub-
lishedhavemotivated the conductionof this study that
aimedatmonitoring the serum levelsofvancomycin in
HDpatientsandcheckingiftheconcentrationsweread-
equate.

METHOD

ThestudywasapprovedbytheResearchEthicsCommittee
oftheUniversidadedeSorocaba(Protocol001/05)andby
theTeachingandResearchCommitteeoftheConjuntoHos-
pitalardeSorocaba(stateofSãoPaulo),astatepublichospi-
talthatattendsapproximately120HDpatients.Allpatients
included inthisstudyusedvancomycinduringtheperiod
studied(fromNovember2006toMay2007)andprovided
writteninformedconsent.Theexclusioncriteriawereasfol-
lows:reportofallergytovancomycin,liverdisease,orprevi-
oususeofvancomycinupto15daysbeforesamplecollec-
tion.
Datacollection frommedical records included the fol-

lowing: gender, age, origin, and ethnicity. The results of
culture and antibiogramwereobtained from theHospital
InfectionControlServiceoftheConjuntoHospitalardeSo-
rocaba.
Vancomycin(VancocinaCP–ABLAntibióticosdoBra-

sil)wasgivenindoseof1gdilutedinto100mLof0.9%so-
diumchloridesolutioninfusedduringthelasthourofHD,
accordingtotheservice’sprotocol,whichrecommendsthe
administrationof1geverysevendays.Bloodsampleswere
collected by the nurse team in tubes containing ethylene
diaminetetraaceticacid(EDTA)forhemogramandindry

tubes formeasuringvancomycinandalbumin.Then, they
were centrifuged and frozen. The collections for measur-
ingvancomycinwereobtainedinsinglesamplesatthetime
points48,96,120or168hoursafteradministeringtheirst
doseofthedrug.
HemogramwasperformedintheautomatedABXPen-

tra60® device, at the Instituto Diagnóstico de Sorocaba.
Theendpointcolorimetricmethodwasusedformeasuring
albumin with a kit containing bromocresol green (BCG)
of Laborlab, at the Universidade de Sorocaba. Vancomy-
cinserumlevelsweremeasuredbyusing150µLofserum
andpolarized light immunofluorescencewithmonoclonal
antibodies (ABBOTT Laboratories kits) in the automated
AxSym®device(ABBOTT),inthesectorofserologyofthe
HemonúcleooftheConjuntoHospitalardeSorocaba.
The results were reported regarding the percentage of

patients with inadequate serum concentrations and need
fordoseadjustment.Statisticalanalyses(ANOVA)wereper-
formedinthecorrelationoftheresultsofvancomycinand
albuminconcentrationsandhematocritlevels.Thesignii-
cancelevelof5%wasadopted.

RESULTS

The studycomprised17patients,iveofwhomusedvan-
comycin more than once during the period studied, at a
meanintervalof72days,addinguptothecollectionof22
samples.Theirmeanagewas56.9±6.0years.Mostpatients
(56%)werefemale,married(65%),white(65%),andcame
fromthemunicipalitiesoftheSorocabaregion(59%).
The followingclinicalconditions related toHDproce-

durestandout:double-lumencatheterasthemostcommon
venous access (65%); dialysis capillary reuse time ranging
from1-19days,medianofthreedays;associationofdiabe-
tesmellitusandarterialhypertensionasthemostfrequent
etiologyofchronicrenalfailure(41%);meanHDtimeof16
months.Allpatientsusedpolysulfonedialyzermembrane.
Patients’ laboratory data presented in Table 2 showed

thatalbumin(referencevalues:3.4-4.8g/dL)21andhemat-
ocrit(referencevalues:women:39-49%andmen:35-45%)21 
werebelownormalvalues,butcompatiblewiththesetting
of chronic renal failure. Neither statistical difference be-
tween groups (ANOVA), nor correlation between the pa-
tient’splasmalevelofalbuminandserumconcentrationof
vancomycinwereobserved(p>0.05).
Regarding to vancomycin serum concentrations , no

statistical difference (ANOVA, p > 0.05) between the val-
uesofthefourgroupswasobserved(Table2).However,at
least14%oftheresultswereinadequatewhenconsidering
theminimumtroughconcentrationgreaterthan5µg/mL,
and86%wereinadequatewhenconsideringtheminimum
troughconcentrationgreaterthan10µg/mL(Figure1).
Staphylococciwere identiied inone thirdof thecases,

and approximately 25% of the microorganisms isolated
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Table 1. Limitations, objectives and conclusions of the major studies on monitoring vancomycin in hemodialysis.

 Reference  Limitations of the study Goal Major conclusions

  Number of patients (four)  To check the renal excretion For anuric patients, 7% of

 Nielsen et al.  undergoing hemodialysis rate in several degrees of  the usual maintenance dose

 (1975)15 with no infection renal failure per unit of time are 

    recommended 

  They do not specify  To assess toxicity and Large variation in peak and

 Masur et al. the dialyzer used pharmacokinetics trough concentration (to

 (1982)16  in prolonged treatment  monitor). Negative cultures in

   (accumulation) the initial 48 hours of therapy.  

    Low toxicity

  Small number of patients  To correlate renal function For patients with creatinine

 Gonzáles-Martin with infection, several topographies  and vancomycin clearance < 10 mL/min-1,

 et al. (1996)17 and unstable patients (sepsis).  concentration vancomycin doses of 1 g every

  They also report peak concentration   seven days are suitable

  above the limit of toxicity

 Zoer; Schrander-  To check vancomycin Vancomycin clearance does not

 Van der Meer;   clearance with two types depend on HD flow.

 Van Dorp  Patients with no infection of dialyzers Recommendation: one gram  

 (1997)18   initially + 500 mg during each  

    subsequent HD session

     To assess the pharmacokinetics   25 mg/kg during HD 

   of high doses of vancomycin  determine adequate  

 Foote et al. Five patients in F80-Fresenius polysulfone  concentration for up to

 (1998)19 with no infection membrane  seven days and subsequent

    doses should be adjusted  

    according to serum 

    concentration

    To determine the amount of  Vancomycin administered

 Lucksiri et al.  vancomycin removed by the during the last hour of HD

 (2002)20 Patients with no infection CAHP-210 dialyzer results in a 24%-lower  

    concentration than when 

    administered after HD

    To compare three regimens  Administration of 30 mg/kg

 Mason et al. Patients with no infection of vancomycin dosing during HD is equivalent to  

 (2003)7   administration of 15 mg/kg  

    after HD

Figure 1: Graphic representation of vancomycin measurement results in samples of patients with renal failure undergoing 

hemodialysis (n = 22). MRC = minimum recommended concentration.
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wereStaphylococcus aureus.Of those, 50%were oxacillin-
resistant,and100%weresensitivetovancomycin.

DISCUSSION

Several studies used for establishing the current empirical
protocolsofvancomycindosinginpatientswithrenalfailure
undergoingHDareoutdatedwithregardstodialysisequip-
ments.Themanufacturerofthereferencedrug(Vancocin®)
reportsthatitisnotdialyzableanditshalflifeis7.5daysin
patientswith severe renal failure.However, the various tri-
alshavedifferentcaseseriesandseveral limitations,suchas
thesmallnumberofpatients,unstablepatients(withsepsis),
patientswithnoinfection,andpatientsusingdifferenttypes
ofdialyzers.Launay-Vaucheret al.(2002)havediscussedthe
useofseveraldialysismembranesandsystemsaimingates-
tablishingprotocolsformonitoringserumconcentration.In
fact,thataspecthasbeenseldomexploredintheinternational
literature,sincemosthospitalsindevelopedcountriesmoni-
torvancomycinconcentration inpatients at risk (neonates,
patientswithlargeburns,patientswithrenalfailure,andthe

elderly).InBrazil,however,fewhospitalsdothisonaregular
basis.Thecostofthatautomatedtestisconsideredalimiting
factorandisequivalenttothemeanpriceofonedrugvial.10

Currently, approximately 80% of the hospital sta-
phylococcal infections are treated with glycopeptides,
suchasvancomycinandteicoplanin.Thisisstillthean-
timicrobialclassofchoicefortreatinginfectionscaused
byMRSA, although strainswith reduced sensitivity to
vancomycinhavealreadybeenisolatedinBrazil.22

Theaccessorygeneregulator(agr)ofStaphylococcus
aureusmodulatestheexpressionofnumerousvirulence
factors in the phase-dependent growth. According to
Rose et al. (2007), all agr groupsdevelop intermediate
resistance to vancomycin with subtherapeutic expo-
sures.23

The studyby Sakoulas et al. (2006)has shown that
theexposure tosubtherapeuticvancomycinconcentra-
tions is associated with the development of clinically
hetero-GISA(glycopeptideintermediate-resistantS.au-
reus) isolates.Theseauthorsconsider that theconstant

Table 2. Laboratory data and vancomycin measurement in samples (n = 22) of HD patients

 Groups Samples Patient Hematocrit Total leukocytes  Albumin (g/dL) Vancomycin

     (%) (10³/mm³)  (µg/mL)

  1 A NI NI 2.67 7.80 

 Group 1 2 B NI NI 2.24 8.17 

 48h 3 C NI NI 2.46 8.64 

 n = 7 4 D* 26.10 5.70 2.35 8.94

  5 E 20.40 6.90 2.78 7.44

  6 F* 24.10 15.80 1.92 7.03

  7 G 17.00 2.40 2.56 10.92

 Mean ± SD   21.90 ± 4.00 7.70 ± 5.70 2.40 ± 0.30 8.40 ± 1.30

 Group 2 8 H 22.20 16.80 NI 9.68

 96h 9 I* 22.00 7.90 2.88 5.25

 n = 4 10 J* NI NI 2.35 11.54

  11 G 16.10 4.20 2.88 8.35

 Mean ± SD   20.10 ± 3.50 9.60 ± 6.80 2.70 ± 0.30 8.70 ± 2.60

 Group 3 12 C 27.10 6.90 3.20 3.13

 120h 13 K 29.80 4.80 3.20 5.14

 n = 4 14 L 24.60 4.70 2.88 5.23

  15 A 24.80 2.80 3.20 9.06

 Mean ± SD   26.60 ± 2.40 4.80 ± 1.70 3.10 ± 0.20 5.60 ± 2.50

  16 M* 32.20 6.40 3.31 1.86

  17 L 31.60 5.60 3.31 1.42

 Group 4 18 D 18.00 3.90 2.56 5.19

 168h 19 N 20.50 6.40 3.52 6.23

 n = 7 20 O 20.00 1.90 3.74 10.13

  21 P 24.30 10.40 2.78 5.56

  22 Q* NI NI 2.78 7.16

 Mean ± SD   24.40 ± 6.10 5.80 ± 2.80 3.10 ± 0.40 5.40 ± 3.00

*Patients with confirmed diagnosis of staphylococcal infection. 

SD = standard deviation; NI = no information
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exposure ofmicroorganisms to a vancomycin concen-
tration>10mg/Lisimportantinpreventingtheappear-
anceofintermediateresistancetoglycopeptides.24

Johnson andWoodford (2002), studying glycopeptide
resistantS.aureus(GRSA),havereportedthatGRSAisolat-
edinMichiganwithonevanAgene,alongwithothergenes,
encodeahighlevelofresistancetoglycopeptides.25

Due to the increasing use of vancomycin, worrisome
vancomycin-resistant strains of E. faecium and E. faecalis
haveemerged.Thedeterminantofthisresistanceislocated
inatransposonthatispartofaplasmid;thus,thevancomy-
cin-resistantenterococcuscantransferitsresistancetoother
Gram-positive bacteria, such as staphylococci, worsening
evenmoretheoccurrenceofmulti-resistantbacteria.3

TheGISAandGRSAresistances,althoughstillrare,should
beunderconstantmultidisciplinarysurveillance.Thefollow-
ingpatientsareatriskforGISA:patientsreceivingprolonged
vancomycintherapy;patientspreviouslycolonizedbyMRSA
orvancomycin-resistantenterococci(VRE),particularlythose
withperitonealcatheters;patientswithdocumentedMRSA
infection;andHDpatients,whofrequentlyhaveMRSAand
undergotherapywithglycopeptides.26

BecauseVRE are usually resistant to other antibiotics
commonlyusedinhospitals,severeexposuretootherdrugs
isassociatedwithahighriskofacquiringVRE.27

Similarly to beta-lactam antibiotics, vancomycin has
negligible post-antibiotic effects and requires themainte-
nanceofconcentrationsequivalenttofourtoivetimesMIC
duringprolongedperiodstoobtainaneficientantibacterial
effect.8

InclinicalpracticeinBrazilianhospitals,dosingformost
patientswithchronic renal failure is1g every sevendays.
However, ina studybyGonzález-Martinet al. (1996), the
vancomycinlevelsevendaysafteradministrationwaslow-
er than expected and a subtherapeutic levelwas probably
achieveddaysbefore.17

Zoeret al. (1997)haverecommendedaninitialvanco-
mycindoseof1g,towhich500mgshouldbeaddeddur-
ingeachsubsequentHDsessioninpatientswithapositive
cultureforS.aureus.Theidealtimeforplasmamonitoring
wouldoccur48h,and96hor120haftervancomycininfu-
sion.18Otherauthorshaverecommendedthedetermination
ofvancomycinserumconcentrationbeforetheirstHDses-
sionsubsequenttotheadministrationandbefore72-hour
ofHD session. If the results are below the recommended
values(between5and10µg/mL),acomplementary500-mg
doseofvancomycincanbeused.5,28

It is worth noting that, in this study, 86% of the pa-
tientshadconcentrationsbelow10µg/mLand14%ofthe
patientshadconcentrationsbelow5µg/mL.Whenthecol-
lectiontimesareconsidered,onecaninferthatthenumber
ofpatientsreachingtroughconcentrationsbelow5µg/mL
wouldbe greater. It is alsoworthnoting that vancomycin
hasbeenadministeredduringtheHDsession,butsupple-

mentarydosesarenotadministeredaccordingtotherecom-
mendationofMasonet al.(2003)whohavecomparedthree
regimensofvancomycindosing.7

In conclusion, thepatients included in this studywere
exposedtoantibioticsubtherapeuticdoses.Consideringthe
increasedriskofselectingresistantmicroorganisms,moni-
toringofvancomycinserumconcentrationinHDpatients
isrecommended.
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