


Introduction

Peripherallyinsertedcentralcatheters(PICCs)havebecomeanalternativeto thetraditional
centralvenouscatheter(CVC).A PICCisusuallyinsertedbyatrainednursewhodecidesto
attendandcompletespecialtraining regardingPICCinsertionandmanagement[1]. PICCs
areverypopularamongChinesepatientsbecauseof their simplicity,longindwellingtime,
high levelof safety,andlow cost[2]. Althoughpatientsmustregularlymaintainthecatheter
afterdischarge,mostChinesepatientsarenot ableto punctuallyandcorrectlymaintaintheir
PICC[3], whichis relatedto low educationlevels,lackawarenessregardingtheimportanceof
regularPICCmaintenance,economicdifficulties,andunevenlydevelopedtechnologyand
medicalconditionsin variousareas.However,correctPICCmaintenanceiscloselyassociated
with thePICCretentiontime andcomplicationrate[4], whichhighlightstheimportanceof
continuousnursingto helppatientsperformregularmaintenanceof their PICC.Themain
methodsfor thisnursinginvolvefollow-upviatextmessage,telephone,family visits,andout-
patientdepartmentvisits,althoughthesemethodscannotfulfil theincreasinglydiverseneeds
of patientsandareassociatedwith poor information transmission,highcosts,andhigh rates
of lossto follow-up.

TheWeChatapplicationwaslaunchedin 2011andhasbecomethemostpopularsocial
mediaapplicationamongChinesepeople,with manyresearchersexploringits applicationin
thefield of continuingnursing[5]. Thisapplicationoffersintegratedvoice,text,andimaging
sharingamongalargenumberof activeusers,with 549million monthly activeusersin 2016
[6]. Relativeto traditionalmedicalservices,WeChatoffersseveraladvantages,including timely
ability to contactthepatient,amorepersonalizedapproach,moreconvenientoperation,and
lowercosts[7]. Thisapplicationallowspatientsto communicatewith medicalstaff,sendpic-
turesandvideoatanytime andfrom anywhere,andreceiveprompt medicalguidanceand
relatedinformation.Thisapproachaddressesthespaceandtime limitationsof medicalser-
vicesandallowsmedicalstaffto provideclassifiedandspecificinformation to patientsduring
their follow-up.

Since2013,numerousstudieshaveexaminedtheuseof WeChatin continuingnursingfor
PICCcases,althoughmoststudieswerelimited by their smallsamplesizesandheterogeneous
studydesigns.Furthermore,no systematicreviewandmeta-analysishasexaminedtheeffectof
WeChatfollow-upon theself-managementof patientsdischargedwith PICCs.Moreover,no
guidelineshavebeenproposedfor theself-managementof patientsdischargedwith PICCs.
Therefore,thepresentstudyaimedto evaluatetheapplicationof WeChatin thissetting,based
on clinicalresearchdata,to provideevidencefor healthcareprofessionalsto makeclinicaldeci-
sionsanddevelopappropriatemethodsto promoteself-managementamongpatientsdis-
chargedwith PICCs.

Methods

Search strategy

ThePubMed,Embase,CochraneLibrary,ChinaBiologyMedicine,ChinaNationalKnowl-
edgeInfrastructure,Wanfang,Wiper,andBaiduScholardatabasesweresystematicallyand
independentlysearchedbyDH Ma andKW Cheng.BecauseWeChatwaslaunchedbyTen-
CentInc. in 2011,thesearchperiodwasdefinedas2011to April 2018.Thesearchwasper-
formedusingrelevantmedicalsubjectheadings,keywords,andaBooleansearchstring,which
combinedsynonymsandMeSHterms(onlyfor thePubMedsearch,SeeS1File.docx)to iden-
tify studiesthat involvedaWeChatfollow-upandpatientswhoreceivedPICCs.Thisbroad
searchstringwasselectedto avoidmissingstudiesthatmight fulfil theinclusioncriteria.
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Referencelistsfrom theidentifiedreportsweremanuallysearchedto identify anyotherrele-
vantreports,andthemain researchgroupsin this field werecontactedto identify anyother
relevantstudies.Therewereno restrictionsregardinglanguage,publicationstatus,or patient
race/ethnicity.

Eligibility and exclusion criteria

Studieswereconsideredeligibleif theyfulfilled thefollowingcriteria:1) randomizedcon-
trolled trials(RCTs)that involvedarobustrandomizationmethod(e.g.,randomnumber
tablesor computer-basedrandomization),2) patientswhowere>18yearsold,3) patients
with anindwellingPICC,4) aninterventiontime of�1 month,5) anexperimentalgroupthat
receivedWeChatfollow-upandacontrol groupthat receivedtraditional follow-up,and6)
studiesthatevaluatedat leastoneof theprimary or secondaryoutcomesfor thepresentstudy.
Theprimary outcomewasdefinedasPICC-relatedcomplicationsandthesecondaryoutcomes
weredefinedasself-careability,PICCmaintenancedependency,knowledgemastery,and
patientsatisfaction.Theexclusioncriteriawere:1) repeatedpublication,2) reportswith
incompletedatathatcouldnot beobtainedbycontactingthecorrespondingauthor,3)
patientswith PICC-relatedcomplicationsbeforethestudy,and4) casereportsor review
articles.

Study selection process

Tworeviewers(DH Ma andKW Cheng)independentlyassessedthetitlesandabstractsof the
searchresultsto determinetheir relevanceandevaluatedthefull textsof all potentiallyeligible
studies.Disagreementswereresolvedviadiscussionbetweenthetwo reviewersandinvolve-
mentof athird reviewer(PDing) if necessary.

Data extraction

Tworesearchers(DH Ma andKW Cheng)independentlyextractedthedatafrom theincluded
studies,onereviewercheckedthedataextractionandextractedadditionaldatawhereneces-
sary,andafourth reviewercheckedall data.Thecorrespondingauthorwascontactedin
instanceswith incompleteor uncleardata.Any disagreementsregardingthedataextraction
wereresolvedviadiscussionandinvolvementof athird reviewer(PDing) if necessary.

Thefollowingdatawereextractedusingapre-prepareddataextractionform (SeeTable1):
basicstudycharacteristics(e.g.,first author'sname,yearof publication,country,research
type),samplesize,interventionmeasures,interventiontime,outcomeparameters(PICC-
relatedcomplications,self-careability,PICCmaintenancedependency,knowledgemastery,
andpatientsatisfaction).(SeeTable1:Extractedandanalyzeddataof thissystematicliterature
review.)

Risk of bias assessment

Thequalityof theincludedstudieswasindependentlyassessedby two researchers(HY Li and
PWang)usingCochrane'srisk of biastool [8]. Table2 showstheresultsof therisk of bias
assessmentbasedon randomsequencegeneration,allocationconcealment,blinding of partici-
pantsandpersonnel,blinding of outcomeassessment,incompleteoutcomedata,selective
reporting,andotherbias.Eachevaluationcriterion hasthreeoptions(low,unclear,andhigh
risksof bias)andthereport'squality issubsequentlygradedasA, B,or C. (Table2:Riskbias
assessmenttablefor eachincludedstudies)
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Table 2. Risk bias assessment table for each included studies.

Author random sequence

generation

allocation

concealment

blinding of participants

and personnel

blinding of outcome

assessment

incomplete

outcome data

selective

reporting

other

bias

quality

grade

ChongyinWei
2016

Yes Unclear Unclear Unclear Yes Yes Yes B

QinglanZhao
2015

No Unclear Unclear Unclear Yes Yes Yes C

Huirong Ye
2016

Yes Unclear Unclear Unclear Yes Yes Yes B

XiaohuiLi
2016

No Unclear Unclear Unclear Yes Yes Yes C

JieZhao
2015

Yes Unclear Unclear Unclear Yes Yes Yes B

XiaolanGong
2015

Yes Unclear Unclear Unclear Yes Yes Yes B

HuaLu
2015

Yes Unclear Unclear Unclear Yes Yes Yes B

WeiWang
2014

Yes Unclear Unclear Unclear Yes Yes Yes B

XuefangXu
2015

Yes Unclear Unclear Unclear Yes Yes Yes B

Hongju Fan
2016

Yes Unclear Unclear Unclear Yes Yes Yes B

XiaoyingWu
2016

Yes Unclear Unclear Unclear Yes Yes Yes B

ZuyanFan
2016

Yes Unclear Unclear Unclear Yes Yes Yes B

Lijie Zhang
2016

Yes Unclear Unclear Unclear Yes Yes Yes B

CaixiaSun
2016

Yes Unclear Unclear Unclear Yes Yes Yes B

Li Zhang
2016

Yes Unclear Unclear Unclear Yes Yes Yes B

JinyeHe
2016

No Unclear Unclear Unclear Yes Yes Yes C

XiuyanHuang
2016

Yes Unclear Unclear Unclear Yes Yes Yes B

Li Wang
2016

Yes Unclear Unclear Unclear Yes Yes Yes B

Qin Deng
2016

Yes Unclear Unclear Unclear Yes Yes Yes B

SongfengWang
2015

Yes Unclear Unclear Unclear Yes Yes Yes B

CaijuanHuang
2016

Yes Unclear Unclear Unclear Yes Yes Yes B

YingyingCheng
2018

Yes Unclear No Yes Yes Yes Yes C

Fengqing
Zhang
2018

Yes Unclear Unclear Unclear Yes Yes Yes B

Rongrong
Zheng
2017

Yes Unclear Unclear Unclear Yes Yes Yes B

Min Shao
2017

Yes Unclear Unclear Unclear Yes Yes Yes B

(Continued)
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Data analysis and statistical methods

ThestatisticalanalysiswasperformedusingReviewManagersoftware(version5.3.;Copenha-
gen:TheNordic CochraneCentre,TheCochraneCollaboration,2014).A χ2-basedQ-testwas
usedto evaluateinter-studyheterogeneity[9], whichwasconsideredstatisticallysignificantat
P-valuesof<0.1.If therewasno significantheterogeneity,afixedeffectmodelwasusedto
evaluatethepoint estimatesand95%confidenceinterval(CIs),andarandomeffectmodel
wasusedif significantheterogeneitywasdetected[10]. Resultsof testswith dichotomousout-
comeswereexpressedasoddsratios(ORs)and95%CIs,whichwereanalyzedusingtheZ-test.
Resultsof testswith continuousoutcomeswereexpressedasthemeandifference(MD) or
standardmeandifference(SMD)and95%CIs.

Results

Search results

Asshownin Fig1,252 reportswereinitially retrievedusingthesearchstrategy,althoughonly
204 reportswereretainedafterremovingduplicates.Basedon thetitlesandabstracts,we
excluded108reportsbecause19 werereviews,21 did not describeRCTs,42 did not include
appropriateoutcomes,7 werenot originalpeer-reviewed,and19 did not fulfil theothereligi-
bility criteria.Basedon areviewof thefull texts,wealsoexcluded60 reportsbecausethefull
textsof 17 couldnot beretrieved,25 providedtoo little information,12 hadoverlappingdata,
and6 did not describeRCTs.Two reportswereincludedaftertheinterventionof thethird
reviewerbecausethefirst two reviewersdisagreedon thosestudies'inclusion.Therefore,36

reportswereselectedfor themeta-analysis.

Table 2. (Continued)

Author random sequence

generation

allocation

concealment

blinding of participants

and personnel

blinding of outcome

assessment

incomplete

outcome data

selective

reporting

other

bias

quality

grade

HuanxiaZhao
2017

Yes Unclear Unclear Unclear Yes Yes Yes B

Huiqin Qu
2017

Yes Unclear Unclear Unclear Yes Yes Yes B

Li Li
2017

Yes Unclear Unclear Unclear Yes Yes Yes B

Liping Lin
2017

Yes Unclear Unclear Unclear Yes Yes Yes B

Xiaojingjin
2017

Yes Unclear Unclear Unclear Yes Yes Yes B

Lingli Hu
2017

Yes Unclear Unclear Unclear Yes Yes Yes B

LihuaCao
2017

Yes Unclear Unclear Unclear Yes Yes Yes B

CaiyingMeng
2017

Yes Unclear Unclear Unclear Yes Yes Yes B

ShufangRuan
2017

Yes Unclear Unclear Unclear Yes Yes Yes B

Qiaoli Xu
2017

Yes Unclear Unclear Unclear Yes Yes Yes B

LingmeiZhang
2017

Yes Unclear Unclear Unclear Yes Yes Yes B

Yes: low risk of bias;unclear: unclearrisk of bias;No: high risk of bias

https://doi.org/10.1371/journal.pone.0202326.t002
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Study characteristics

Themaincharacteristicsof the36 studiesareshownin Table1.Thismeta-analysisevaluated
5,285 cases,including 2,662 casesin theWeChatfollow-upgroupand2,623 casesin thetradi-
tional follow-upgroup.Thenumbersof casesin eachstudyrangedfrom 25 [11] to 200 [12].
All studyparticipantshadPICCsandwerefollowed-upfor 2–12 months,with intervention
durationsof 1 month in 3 studies[12±14],>1 month in 22 studies[15±36],anduntil the
PICCwasremovedin 11 studies.Twenty-ninestudies[11±13,17,19±24,26±29,31±45]
reportedtheprimary outcome(cathetercomplications),whichincludedcatheterbreakage,
catheterinfection,catheterblockage,thrombosis,andpuncturepoint bleeding.Twenty-eight
studies[11±16,18,19,21±23,25±27,29±33,35,36,40±46]reportedthesecondaryoutcomes,
including3studies[18,21,27] that reportedself-careability,16 studies[11,15,18,23,25,26,

Fig 1. Preferred reporting items for systematic reviews and meta-analyses flowchart depicting the study

identification, screening, eligibility and inclusion process.

https://doi.org/10.1371/journal.pone.0202326.g001
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30,32,33,35,40±43,45,46] that reportedpatientsatisfaction,11 studies[13,14,16,19,22±23,
29,31,32,35,43]that reportedPICCmaintenancedependency,and8 studies[12,14,15,21,
26,27,30,44] that reportedknowledgemastery.AlthoughWeChatwasusedin theexperimen-
tal groupfor all 36studies,WeChatwascombinedwith otherfollow-upmethods(QQ isan
instantmessagingsoftwarebasedon InternetdevelopedbyTencenton February10,1999.out-
patient,or telephone)in 4 studies[13,15,25,37].(Table1:Extractedandanalyzeddataof this
systematicliteraturereview.)

Methodological quality

Thequalityof theincludedstudieswasassessedusingtheReviewManagerqualityassessment
tool.Therandomsequencegeneration(selectionbias)wasconsideredlow-risk in 33 studies
andhigh-risk in 3 studies.Noneof thestudiesinvolvedallocationconcealment(selection
bias).Onestudyhadahigh risk basedon non-blinding of theparticipantsandpersonnel(per-
formancebias),while theotherstudiesdid not report thisparameter.Blinding of outcome
assessment(detectionbias)wasconsideredlow-risk in 1 study,while theotherstudiesdid not
report thisparameter.All studieshadlow risksof biasbasedon incompleteoutcomedata
(attrition bias),selectivereporting(reportingbias),andothersourcesof bias(Table2).Based
on thoseresults,32 studieswereassignedaqualitygradeof Band4 studieswereassigneda
qualitygradeof C.(Table2:Riskbiasassessmenttablefor eachincludedstudies)

Outcome for meta-analysis

Effects on PICC-related complications after discharge. Theresultsof themeta-analysis
for PICC-relatedcomplicationsafterdischargeareshownin Fig2.Twenty-ninestudies[11±
13,17,19±24,26±29,31±45]evaluatedthisoutcomeandafixedeffectmodelwasusedbecause
therewasno significantinter-studyheterogeneity(X2 = 30.03,df = 28,I2 = 7%,P = 0.36).The
resultsrevealedasignificantlylowerrisk of PICC-relatedcomplicationsin theWeChatgroup
thanin thetraditional follow-upgroup(OR:0.23,95%CI: 0.19±0.27,P< 0.00001)(Fig2).

Effects on patients’ self-care ability. Theresultsof themeta-analysisfor self-careability
afterdischargeareshownin Fig3.Threestudies[18,21,27]evaluatedthisoutcomeanda
fixedeffectmodelwasusedbecausetherewasno significantinter-studyheterogeneity(X2 =
2.08,df = 2,I2 = 4%,P = 0.35).Theresultsrevealedsignificantlybetterself-careability in the
WeChatgroupthanin thetraditional follow-upgroup(MD: 36.41,95%CI: 34.68±38.14,
P< 0.00001)(Fig3).

Effects on patient satisfaction. Theresultsof themeta-analysisfor patientsatisfaction
areshownin Fig4.Sixteenstudies[11,15,18,23,25,26,30,32,33,35,40±43,45,46]evaluated
thisoutcomeandafixedeffectmodelwasusedbecausetherewasno significantinter-study
heterogeneity(X2 = 7.82,df = 15,I2 = 0%,P = 0.93).Theresultsrevealedsignificantlybetter
patientsatisfactionin theWeChatgroupthanin thetraditional follow-upgroup(OR:6.20,
95%CI: 4.32±8.90,P< 0.00001)(Fig4).

Effects on PICC maintenance dependency. Theresultsof themeta-analysisfor PICC
maintenancedependencyareshownin Fig5.Elevenstudies[13,14,16,19,22,23,29,31,32,
35,43]evaluatedthisoutcomeandafixedeffectmodelwasusedbecausetherewasno signifi-
cantinter-studyheterogeneity(X2 = 9.68,df = 10,I2 = 0%,P = 0.47).Theresultsrevealedsig-
nificantly higherdependenceon cathetermaintenancein theWeChatgroupthanin the
traditional follow-upgroup(OR:4.27,95%CI: 3.35±5.44,P< 0.00001)(Fig5).

Effects on knowledge mastery. Eightstudies[12,14,15,21,26,27,30,44]evaluated
knowledgemastery,althoughameta-analysiscouldnot beperformedbecausedifferenttools
wereusedto evaluatethismastery.Li etal.[14] usedaself-administeredquestionnairewith 4
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Fig 2. Forest plot diagram showing complications of patients with PICC after discharge in WeChat group and

traditional group. Eachsquareindicatesastudy,andtheareaof squaresisproportionalto theweightof thestudy.The
diamondrepresentsthesummaryORand95%CI. CI = confidenceinterval,OR= oddsratio.

https://doi.org/10.1371/journal.pone.0202326.g002

Fig 3. Forest plot diagram showing Self-care ability of patients with PICC after discharge in WeChat group and

traditional group. Eachsquareindicatesastudy,andtheareaof squaresisproportionalto theweightof thestudy.The
diamondrepresentsthesummaryMD and95%CI.CI = confidenceinterval,MD = meandifference.

https://doi.org/10.1371/journal.pone.0202326.g003

Fig 4. Forest plot diagram showing satisfaction degree of patients with PICC after discharge in WeChat group

and traditional group. Eachsquareindicatesastudy,andtheareaof squaresisproportionalto theweightof thestudy.
ThediamondrepresentsthesummaryORand95%CI. CI = confidenceinterval,OR= oddsratio.

https://doi.org/10.1371/journal.pone.0202326.g004
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dimensionsand25itemsregardingbasicPICCknowledge,activities,movement,andobserva-
tion of complications.Wu etal.[21] andZhengetal.[27] usedaself-administeredquestion-
naire(3 dimensionsand17items,with higherscoresindicatingbetterknowledgemastery)
andevaluatedthequestionnaire'scontentvalidity,whichrevealedacontentvalidity index
(CVI) of 0.922andaCronbach'salphacoefficientof 0.874.Zhaoetal.[15] usedaself-adminis-
teredscaleregardingvariousfactors,suchasdressing,showering,activities,andcomplication
prevention.Chengetal.[26] andLin [30] usedself-administeredquestionnaires,althoughthe
specificcontentswerenot reported.Li etal.[44] usedaself-administeredquestionnairethat
included30itemsthataddressedthemainpointsof daily life,preventionof complications,
andemergencymanagement.ThatquestionnairehadaCVI of 0.938andaCronbach'salpha
coefficientof 0.957.Jinetal.[12] usedaself-administeredquestionnairethat included10
itemsthataddressedroutinemaintenanceof thePICC,self-observation,abnormalsituation
management,catheterprotection,andpreventionof complications.Theresultsof theeight
studiesrevealedsignificantlygreaterknowledgemasteryin theWeChatexperimentalgroups
thanin thecontrol groups(P< 0.05).

Discussion

To thebestof our knowledge,this is thefirst meta-analysisto assessself-managementamong
patientsdischargedwith PICCsbasedon follow-upusingtraditionalmethodsor WeChat.In
thepresentstudy,PICCself-managementwasevaluatedbasedon thepatients'ability to pro-
tectthePICC,performactivities,observeandaddresscomplications,acquirePICC-related
knowledge,andimprovecathetermaintenancedependency.Thesefactorscanhelpprevent
catheter-relatedcomplicationsandimprovebothcatheterandpatientsafety[47].

WeChat follow-up can help prevent PICC-related complications

Themeta-analysisrevealedthat,among4,404subjectsin 29studies[11±13,17,19±24,26±29,
31±45],WeChatfollow-upreducedtherisk of PICC-relatedcomplications.Chengetal.[26]
reportedthatWeChatfollow-upresultedin anapproximately10%reductionin PICC-related
complicationsrelativeto telephonefollow-up.Similarly,Ruanetal.[34] reportedthatWeChat
follow-upresultedin a12.5%reductionin PICC-relatedcomplicationsrelativeto outpatient
follow-up.Zhang[36] alsoreportedthatWeChatfollow-upreducedPICC-relatedcomplica-
tionsbyapproximately20%relativeto educationatdischarge,whileZhu etal.[48] reported
thatWeChatfollow-upreducedPICC-relatedcomplicationsbyapproximately31%relativeto
agroupthat receivedaPICCeducationmanual.In thiscontext,WeChatfollow-upcanhelp

Fig 5. Forest plot diagram showing maintenance dependency of patients with PICC after discharge in WeChat

group and traditional group. Eachsquareindicatesastudy,andtheareaof squaresisproportionalto theweightof
thestudy.ThediamondrepresentsthesummaryORand95%CI. CI = confidenceinterval,OR= oddsratio.

https://doi.org/10.1371/journal.pone.0202326.g005
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reducetheincidenceof PICC-relatedcomplicationsbecauseit allowstheusersto rapidly
exchangeimages,messages,audiorecordings,andvideosviaWeChatgroupsthatallowoneor
morepatientsandhealthcareprofessionalsto communicatein atimely manner[49]. Further-
more,whenhealthcarepersonnelarenot immediatelyavailable,patientscancommunicate
with eachotherundertheguidanceof aspecialist[50]. Thisapproachismoreconvenientand
effectivethantraditional follow-upmethodsthat typicallydo not allowthepatientto rapidly
createanduploadimages[51,52].Moreover,WeChatallowspatientsto receivetimely infor-
mationregardingPICC-relatedcomplications,aswellasdirectionsto maintainthePICCand
avoidor correctthesecomplications.

WeChat follow-up can improve self-care ability

Themeta-analysisrevealedthat,among500subjectsin 3studies[18,21,27],WeChatfollow-
up wasbetterfor improvingpatients'self-careability thantraditional follow-up.Wu etal.[21]
evaluated200patientswhoweredischargedwith PICCsandfollowedfor 3months,with the
WeChatgrouphavingsignificantlybetterself-careability thanthecontrol group.Thus,it
appearsthatWeChat-basedcontinuingnursingismoreeffectivethantraditionalnursing
methodsin thissetting.This is likely becausethetraditional follow-upmethodsfor PICC
maintenancein Chinacannotmeettheneedsof patientsandtheir family,andhaveeffectsthat
graduallyweakenovertime.Moreover,thetraditionalmethodshavelimited interactions,poor
abilitiesto helpthepatientslearnandcomplywith therequiredmaintenance,andinsufficient
personalization,whichcanall negativelyaffectpatients'self-careability.Forexample,patients
whoresidein rural settingsandhavelimited educationrequiregreaterpersonnel,time,and
financialresourcesto ensurethat theymaintaintheir PICC.In addition,mostpatientsand
their familiesperformmaintenanceathome,but maynot beableto reador comprehendthe
maintenancemanual.WeChatfollow-upeffectivelyaddressestheseissuesbyallowingstaffto
sendvideosexplainingthePICCmaintenance,whichcanbewatchedatanytime andsubse-
quentlyallowthepatientto improvetheir self-careability by repeatedlywatchingthevideo.
Therefore,thismethodcanallowpatientsto performout-of-hospitalmaintenance,which
improvestheir qualityof life andreducestheburdenon their familiesandthehealthcare
system.

WeChat follow-up can increase patient satisfaction

Themeta-analysisrevealedthat,among1,957subjectsin 16studies[11,15,18,23,25,26,30,
32,33,35,40±43,45,46],WeChatfollow-upsignificantlyimprovedpatientsatisfactionrela-
tive to traditional follow-up.Zhangetal.[46] reportedthatWeChatfollow-upprovideda
12.3%increasein patientsatisfactionamongdischargedpatientswith PICCsrelativeto tele-
phonefollow-up.Lin [30] alsoreportedthatWeChatfollow-upprovidedan18.85%increase
in patientsatisfactionrelativeto educationatdischarge,whileXu etal.[35] reportedthat
WeChatprovideda30.43%increasein patientsatisfactionrelativeto outpatientfollow-up.
Theseimprovementsarelikely relatedto thetechnologybehindWeChatallowingpatientsto
receivemoredynamicandeasilyunderstoodguidance,relativeto traditional follow-up
methods,whichallowsthemto understandandmastertherequiredmaintenanceactivities.
Furthermore,WeChatallowspatientsto receivethis information atanytime andin any
place,which improvestheeffectof thenursingfollow-up.Moreover,WeChatallows
patientsto receiveanswersfrom healthcareprofessionalsin realtime,andalsoto sendpic-
turesandvideosthatallowthehealthcareprofessionalto betterrespondto thepatient's
query[53].
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WeChat follow-up can increase catheter maintenance dependency

Themeta-analysisrevealedthat,among1,668subjectsin 11studies[13,14,16,19,22,23,29,
31,32,35,43],WeChatfollow-upsignificantlyimprovedcathetermaintenancedependencyby
10±40%relativeto traditional follow-up.In thiscontext,thecatheter'sbehaviordirectlyaffects
its servicelife andability to deliverthedesiredtherapeuticeffect[54]. AlthoughChinese
patientswith PICCstypicallyhavepoormaintenancedependency,traditional follow-upmeth-
odsdo not providetimelyandhigh-qualityinformation transmissionto thepatient.Moreover,
manypatientsdo not receivereimbursementfor PICC-relatedmaintenanceexpenses,which
canleadthemto believethatdelayingmaintenancecansavethemmoney.In thiscontext,Lyu
etal.[55] followed108patientswith headandneckcancersfor 6monthsandfound that
WeChatfollow-upwasassociatedwith bettervaluesfor time consumption,economiccost,
loss-to-follow-uprate,andpatientsatisfaction(vs.telephonefollow-up).Otherstudies[19,23]
havealsodemonstratedthatWeChatfollow-up improvescathetermaintenancedependence
relativeto telephonefollow-up.A specializedWeChatplatformallowsnursesto sendpatients
maintenanceremindersandillustratethenegativeeffectsof not performingmaintenance,
whichwill hopefullychangethepatient'sperceptionandwillingnessto performPICC
maintenance.

WeChat follow-up can improve patients’ knowledge regarding PICC

Eightstudies[12,14,15,21,26,27,30,44]evaluatedknowledgemasteryusingdifferent
tools,whichprecludedameta-analysis.However,all 8 studiesrevealedthatWeChat
wasassociatedwith improvedknowledgerelativeto traditional follow-up.This is likely
becausetraditional follow-up relieson thepatientpassivelyacquiringknowledgeviadis-
chargeeducation,telephoneinstructions,or aneducationmanual,whilemostpatients
activelydesireto understandtheir own disease,treatmentmethods,rehabilitationmethods,
andhealthcareafterdischarge.Traditional follow-upmethodscanpartiallysatisfythese
desires,althoughit is relianton passiveacquisitionof knowledgeandtheeffortsof nursing
staff[56].

Patientswith PICCshaveweakenedimmunity andanimpairedself-imageasaresultof
their condition andneedfor aPICC,whichcanreducetheir willingnessto performpublic
activities.Electronicinformation disseminationcanhelpaddressthis issue,assmartphones
haveallowedindividualsto seekinformation atanytime andin anyplaceto makefull useof
their fragmentedschedule.Moreover,onestudyfound that70%of respondentssearchedfor
medicalinformation online,including50.98%of individualswhosearchedtheinternetfor
questionsregardingsymptomemergence[57]. An Americanstudyalsorevealedthat55%of
Americanadultssearchedtheinternetfor information regardinghealthandmedicalcareat
leastoncepermonth,with 47%reportingthat theinformation influencedtheir treatmentand
decision-making[58]. In developedcountries,theuseof onlinenetworksfor post-hospitalfol-
low-uphasbecomeuniversal,with Wantlandetal.[59] reportingthatpromotinghealthy
behavioronlinewasmoreeffectivethannon-networkinterventionsin influencingpatients'
knowledgeandbehavioralchanges.However,patientsrequireaprofessionalandreliableplat-
form to ensurethat theyreceiveaccurateinformation,andWeChatfollow-upplatformsin
Chinahelpaddresstheseissuesbyprovidingpatientswith accessto professionalteamsand
knowledge,regularlyupdatedinformation,picture-andvideo-basedexplanations,andposi-
tive interactionswith healthcareprofessionals.Moreover,Lyuetal.[55] reportedthatWeChat
interventionsweremorelikely to createafriendly relationshipbetweenthepatientandnurse
(vs.telephoneinterventions),whichmakesthepatientmorelikely to trust andfollow the
nurse'sguidance.
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Advantages of WeChat follow-up

WeChatisafreeapplicationthatwaslaunchedin 2011andhad806million monthly active
Chineseusers(>94%of smartphones)in thesecondquarterof 2016.Thisapplicationallows
theuserto rapidlysendfreevoiceandtextmessages,videos,andpictures,aswellasshare
streamingcontentandnotescreatedusingaªvoicenotepadº.WeChatalsofeaturesavoicecall
featurecanisverysimilar to astandardcellphonecall.Userscanstoretheir electronicmedia
(e.g.,text,pictures,videos,andaudio)to convenientlyandrepeatedlyviewthemin thefuture.
Thesefilescanbesharedone-to-oneor with multiple peoplethroughagroupmessagingfea-
ture.WeChatisavailablefor mostmobileplatforms(e.g.,iPhone,Android, WindowsMobile,
Symbian,andBlackBerry),andisofferedin avarietyof languageinterfaces.AlthoughWeChat
itselfcannotreducetheincidenceof PICC-relatedcomplications,it canallowhealthcarepro-
fessionalsto disseminateinformation andhelppatientsunderstandandperformtheir PICC
maintenance.Thisprovidespatientswith ahigh levelof satisfactionandPICC-relatedknowl-
edge,whichis likely whatcausedthereductionin PICC-relatedcomplications.Finally,
WeChatisverysimplyto operate,evenfor illiterateusers,andisaccessibleto abroadage
range(e.g.,3±70yearsold), whichallowsit to effectivelyimprovethequalityof follow-up.

Insufficiencies of WeChat follow-up

AlthoughWeChatallowsnursesto disseminateinformation, thenursehasno wayof knowing
whetherthepatienthasviewedthat information.Thus,it wouldbeusefulto includeafeedback
function to allowthesenderto determinewhethertherecipienthasviewedthemessage.Sec-
ond,WeChatrelieson accessto amobilenetwork,whichmaymeanthat traditional follow-
upsaremoreappropriatewhenmobileaccessisnot regionallyavailable.Thus,it ispossible
thatacombinationof WeChatandtraditional follow-upmethodsmayhelpimprovefollow-up
quality.

Study limitations

Thepresentstudyhasseveralmethodologicallimitations.First,theoverallqualityof the36
includedstudieswasrelativelylow,andoneoutcome(knowledgemastery)couldnot beevalu-
atedin themeta-analysisbecauseof heterogeneityin theevaluationtools.Therefore,the
resultsof thismeta-analysisshouldbeinterpretedcautiously,andlargehigh-qualityRCTsare
neededto confirm our findings.Second,themeta-analysisdid not considerthespecific
WeChatinterventionmethodologyandfrequency,whichshouldbeevaluatedin future
studies.

Summary

In conclusion,thissystematicreviewandmeta-analysisrevealedthatWeChatfollow-up
improvedPICCself-managementrelativeto traditional follow-upmethods,with moderate
beneficialeffectson PICC-relatedcomplications.However,further well-designedlargepro-
spectivestudiesareneededto validateour findings.
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