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# # 6270057030 : MAJOR MEDICINE
KEYWORD: catheter locking solution, heparin, sodium bicarbonate, hemodialysis, catheter related
thrombosis, catheter related blood stream infection
Wannasit Wathanavasin : Comparison the permanent catheter loss rate between 7.5%  sodium
bicarbonate and heparin lock in chronic hemodialysis patients. Advisor: Assoc. Prof. Paweena

Susantitaphong, Ph.D.

Background: This study was conducted to compare the effectiveness in lowering rate of catheter loss
due to catheter related thrombosis (CRT) or catheter related blood stream infection (CRBSI) between sodium
bicarbonate, which has antithrombotic as well as antimicrobial properties, and heparin lock in chronic hemodialysis

(HD) patients.

Methods: The present prospective multicenter randomized controlled trial was conducted in 7 HD
centers in Bangkok, Thailand. We randomly assigned 118 patients undergoing long term twice- or thrice-a-week
HD with tunneled central venous catheter to receive a catheter locking solution of 7.5% sodium bicarbonate (n=57)
or heparin 2,500 U per milliliter (n=61) at the end of every HD session during the 6-week treatment period. The
primary outcome was a catheter loss rate due to CRT or CRBSI, while the secondary outcome was a composite

outcome of CRT, CRBSI, or exit site/tunnel infection (ESI/TI) rate.

Results: There were no catheter losses due to CRT or CRBSI in both groups. The sodium bicarbonate
group had a significantly higher rate of the secondary composite outcomes (13.8/1,000 VS 0.8/1,000 catheter days
in sodium bicarbonate and heparin group, respectively P= 0.004) and this was entirely caused by CRT with the
median time to thrombosis of 23.6 days. Every CRT event could be successfully rescued by using a single dose of
recombinant tissue plasminogen activator ( rt-PA) . The treatment costs of both groups were not different. The
sodium bicarbonate group tended to yield lower incidences of CRBSI and ESI/TI (0 VS 0.8/1,000 catheter days in

sodium bicarbonate and heparin group, respectively P=0.56).

Conclusion: In HD patients, heparin, a standard locking solution, is superior to sodium bicarbonate for
prevention of CRT. However, a novel locking solution protocol, comprising sodium bicarbonate every HD session
and rt-PA once every 3 weeks, as the rescue therapy for CRT event, might be utilized as an alternative catheter

locking solution, particularly when heparin use is contraindicated.

Field of Study: Medicine Student's Signature ........cccccoeveeiieeeinne

Academic Year: 2020 Advisor's Signature .......ccccoevveieeenene



naAnssNiUszn A

18AUAN FOIANARIIATE AT, wneM UAni gAniFans a1ansemEnsman
=

a a o‘d‘ ¥ o o 1 A o ¥ a o dgl o0 & Yy
WETNUS N IR LAY 28LAe mimmqwummiﬂimmm

1aa80UAM ARIANTEaeTsaln Tsananunaainaensnl navinu AliANUEnEwas

14
a

[ o dl e 1 a o
danuzsinidudssTaminesniday
YA oA ¥ ¥ zsl L A a a
10981AM NeNLa GUATRN wazid g AugWeniaen Auelananiasong 1
AuglanneNasnge 2 Auelamensangn gudlnmenduadan swumdnd sw. yoyeyriom
aa a = a tﬂl ¥ ] A 1 a
UAZIW. AIULUTYAT ALRANNIZINEIR 84 Wastn N NToawaeLTwatinaG
% % dl 1 ¢ 1 dl v 1 A
saa01uAns Wudindaalsaln lsanenuiaqiiasnsal ynvinu Aliacudaemae
y ¢ e
FeennInaadnsziuanssine ludengilos
E% d’l ¥ Y a o I dl b4 ! A 1 a o 3
Vnagatinareunngidisuidsayniog Aaavaauarlipousanilailueeneg inli

a o

d’l 1 % al
NuINaRaasllaqsm

q

2990UANT ITIDUIAU



A9107y

U

LTI REIBNTEVIIE ... e e e s e s e s ee s ese e ee s eee e eeees A
UNARLBNTEVEINDE e N
B BIN T TEN P ..o q
BNTUIEL oo D)
AT 1T ot o N OO TSR al
BVTUTEUNII ettt eaes et e et nee et s ettt ens et ens s st nens 7
T I OOt T e 1
1515 Y1a TSRO A0 407 A 1\ 2. - 40 NN s ST 1
1.1 anudidaaziinvesilayninsse (Background and Raionale) ... 1
1.2 MOINUDINITIVY (Research QUESEION) 1vveeriviiiiie ittt 2
1.2.1 A0INYAN (Primary reSearch QUESHON) ........ov.v.vevveeeeeeeeeeeeeeeeeseeeeeeeenen, 2

1.2.2 1015509 (Secondary research qUESLION)..............ceveveveveveeeeeeeeeeeseeseeseeens 2

1.3 300U AIRUBINITIVG (OBJECHVE).......oooveeeeeeeoeeeeeee e 3
131 AQUSZAIRMAN. oo 3

1.3.2 ARQUTEAINTON oo 3

1.4 ﬁmﬁgm (HYPOTHESIS) ... ettt ettt e e e ae e eaae e erae e 3
1.5 N50ULUIANNAATUNITIVY (Conceptual FTAMEWOTK) .......v.oveeeeeeeeeeeeeeeeeeeerereseenenn. 3
1.6 ABMITAUHUNITIVOLAGYD ...t 4

3 Juuunsive (ReSearch desi@) .. ....ccovuviiiiiiiiiii it 4

U52NTITNHUIY (Target POPULAEON) .. ....vveoeeeeeeeeeeee e 4



U32BINTAI0619 (Sample POPUIALION) ........o..oveoveoeeoeeeeeeeeeeeee oo 4
MTAUNALAZNITIA (ObServation and MEASUTEMENL) ... ....vevrveeeeeeeeerereeeeeeeeeeeeeeseseeeerenes 4
a dy A A o v Jdo A o o [ A
1. m‘mm%@sluﬂimma@ﬂ% HWUD Uﬁ"lfl'ﬁ')i!ﬁﬂﬂﬂlﬂ@ﬂﬂ”lﬁ”lﬁﬁ‘UWT’Jﬂmf’Jﬂ ..... 4
(Catheter related blood stream Infection) ........cc.vvvveiieiiiiiiiiiiiieeee e 4
1.7 YoNa13UIMNUIIETIT (Ethical Considerations) ..............coovvvveeeeieeeiiiiiiieeee e 5
1.7.1 AANAITWIUAIYAND (AUONOMY) ... 5
[ Y d [ Y a @
1.7.2 wanms Inilse Tewiuay line liinaduase (Beneficence/Non-maleficence) ..... 5
1.7.3 WANADMUYATITU (JUSHCE) ... 6
1.8 TOIOATUAITIVY (LAMIALON) -+ eveoeoeeeeeee oo, 6
A s 1 Yo a o . .
1.9 avselse Teminamaineg lasuanmsise (Expected Benefit and Application) .......... 6
1L 31T A (W~ <. N RN S N 7
{9 : \
MINUNIUITIUNTTUANOIVOI (Review of related [HEratures)..............ovevveeveerrveeerereennnne. 7
a 9 A o o [ =)
2.1 ﬂallﬂﬂ’lﬁmﬂﬂ’l']gllﬂiﬂ“h"ﬂuﬁ]WﬂﬁWﬂﬁQUWﬂﬂﬂlﬁﬂﬂﬂ1ﬁ1ﬂiﬂ1"l'ﬁ)ﬂm@ﬂ ....................... 8
9 A o v Jdo a dy
2. 1.1 9NMEUNTNEDUNTUNUDTAUDTTARUTD oo e 8
a & A a
2.1.1.1 MIAAFDRNIZNUTIUNNODNUDITY (Exit site infection).................. 8
a dy J = . .
2.1.1.2 ﬂ’liﬁﬂL%’E]‘VI’NQI?J\W]ﬁ’lﬂﬁ'JUW'ﬁ’E]ﬂm@ﬂ (Tunnel infection) .............ooo.... 8

v Jdo A

Y H
2.1.13 ﬂﬁﬂﬂ!,g]ﬂfﬂsluﬂigI,Lﬁ!ﬁ@ﬂ‘ﬁﬁwwuﬁﬂUﬁWﬂﬁ’JuﬁﬁfJﬂm@ﬂ (Catheter related

blood Stream INFECHION) . ..coovveerre et e e e e e e eeeans 9

9 ~ (Y] v Jdo a :il A %
2.1.2 ﬂ'l')$Llﬂﬁﬂ“]f@u‘ﬂhlwﬁwwu'ﬁﬂllﬂ'ﬁﬂﬂW@ﬂ'lﬂﬁ'lﬂ‘l/\l@ﬂm@ﬂfgﬂﬂu ..................... 10
(Catheter related thrOIMDOSIS) .. .cevveeere ettt 10
2.2 LLH'WINﬂTiﬂLLaﬁTﬂﬁﬁuﬁa@ﬂLa@ﬂﬂoT ....................................................................... 10
2.2.1 ﬂ13ﬂLLa‘ﬁTﬂQTNﬁSBTQﬁTﬂﬁﬂuﬁa@ﬂLa@ﬂﬁT ................................................... 10

222 mﬂ%’maﬁmmaﬂemﬁaﬂ ............................................................................. 11



2.2 2 L BBUMTTU oo 11
2222 TBUATO oottt 12
LITIT0 3 oottt 14
B T AT U DY .o, 14
3.1 gﬂgmumﬁi‘i’ﬂ (Research desSign) .......ccovvieiiiiiiiie ittt 14
3.2 5218025390 (Research MEthOdOIOZY) -...vveveieiieiiie ettt 14
3.2.1 1525105 (Population) HALNAUAIDYN (SAMPIE) .......vvoveeeeseeees 14
Y3291n5151 1318 (Target pOPUIATION). .. ...eeveeeeeeeevereeeeeeeeeseeeeeeeeseseeeeseeenen 14
U52BINTAI0619 (Sample POPUIALION) .......v.veeeeeeeeeeeeeeeeeeeeeee e, 14
g v A Y = % 3 .
ﬂgmmm“lumiﬂmaammmﬁﬂn1 (Inclusion CTIteria) ..........covvvvveeeieeeieiiciiiieeeee e 14
g v A = . . .
ﬂg!,ﬂm"‘l’lcluﬂﬁﬂma@ﬂ’ﬂﬂﬂ%mmiﬁﬂ‘ﬂ1 (EXClusion Criteria) ........ooveeeeeeeeeeeeeeeeeeneneen 14
3.2.2 mANATUNTPUAIDE (Sampling TeChNIqUES) .............cov.eveerveeeeeerereeeeeeans. 15
3.3 ms lmdenFalfiian191un15996 (Operational definition) ...............o.....ccccoo..... 15
a dy A A o v Jdo = o o Y] A
3.3.1 Msaawe lunsgia@eandunusnuagaIuasaeama1msulenaen
(Catheter related blood stream INfECHION) ... .coeeveeeeeee e e 15
a dy =
3.3.2 MIAAFDUINIUNNODNVDIA18FIU (Exit site infection) ..........c.ccveeveevevennene.n. 16
a til 4 A . .
3.3.3 MIAAFONI1NY 1INAT A IUNADAIRDA (Tunnel infection)..............coo.cvvvene..n. 16
3349 18W®ﬂl§ﬂﬂ@ﬂﬁu (Catheter related thrombOSIS) ..vvvvevveeeeieeeee e 16
3.4 YUIANIDE (Sample size determination)..............ccceeevveiiiuieeiiee e e 16
g’l o ) a o U -
3.5 VUADUIUMTANTUNITIVY NITTUNALAL DT IA v 17
gﬂ o ) =%
3.5.1 UUADU TUNITA VUM ITIVY oot 17
3.5.2 MSAUNALAZNITIA (Observation and Measurement)...........ovveveveveeereeeeeseeesenenns 20

a & a &
1. ﬂ"liqmulﬁﬂﬁ"lﬂv\lﬂﬂmﬂﬂfﬂ"lﬂﬂ"liﬂﬂ!ﬂfﬂ .................................................................. 20



k2
1.2.1 MIAAKUTNUNIDDNVDIAAIU (Exit site infection) ..........o..vvevvereereen.. 21
A X s A . .
1.2.2 miﬁﬂL‘KE’J‘V]NQIM\‘Iﬂﬁ”lﬁlﬁ’mﬁaﬂﬂmﬂﬂ (Tunnel infection).......cccccveeveeeeiiiinnnne. 21
2
2. mygademenonidonlao UduWUSTUNTAMTO ..o 21
214 ”IEJW?JﬂLﬁE’JﬂQﬂﬁu (Catheter related thrombosis).......ccceevveeiiiiiiiiiiieeeeeees 21
3.6 M3TIUT VO (Data COUECHON) ............oovvveeooeeeeeeeeeeeeeeeee oo 22
3.7 mﬁ”?mmzﬁeﬁ’aga (Data analySiS) ....cvveevveiiiieeeiiie ettt 23
LTI oottt 25
A A T L L A ST == SR 25
4.1 sznsfnyuazdoyan1anaiin (Study Population and Clinical Data)..................... 25
v 7w o A
42 HaaWFTHANUASHAAWTIOT (A1TTIN 2) oot 28
o 1R 4
43 AT TUNIUTEHIN oo 31
9 1 a <Y Aa A ~
4.4 ANUANANINNITUATIERAUNU-UTZANTHNA (TN 5) oo 31
1L 3 I T . et AT /. N 33
DU T VAN T IV 1ot e et e et e e et et et e ettt 33
NN 6 AW NEANMLIWR NV N dVID NN, 38
av 9
AFUNANITIVIUAZUBLAUBLUL ..o 38
6.1 AFUNANITIVY .o 38
6.2 ADAUBIUE ..ot e e e 38
LITTOUNUNTH oottt 39
L B B TEITA. .- 44

u



A9 TYAI59

v F4
A5 1 UAAIVOYANUFTIUUOITII ..o 27
] v ¢ o v & =
ATNN 2 LAAINAANTHANLASHAAWTTOIVDINTITANYT e, 29
{ a d 1 v ) [ v Aoy o J1 a
A1519% 3 LAANNITUNTIEHNQNYDY (subgroup analysis) dwmsuitenduiiusaonising
HATNETOQUOIMITANE Yoo 30
A v Ao v Jd a A v g// a 4 . .
A15199 4 uaastlavenau ‘L!‘ﬁ@]@ﬂ15Lﬂﬂﬁ'1fl‘1/\l'€]ﬂlﬂ@ﬂQﬂ@]u‘ﬂ\ﬂﬂ1ﬁfllﬂﬁ1$‘ﬂuﬂ°ﬂ univariate
HDE MUltivariate analySIs ........oouuriiiiiiieiiiii e e 32

A 1 Y < A Vv A a =
ATTNN 5 LLﬁ'ﬂ\?ﬂﬂﬂﬁ]'lEJ‘i'JlIi]'lﬂt’f'l'iﬁf)ﬂﬁ'lﬁﬁ/‘l@ﬂlﬁﬂ@&!ﬁ%ﬂ15ﬂ‘]9|1ﬂ1’331/]Lﬂﬂi]'lﬂﬁ'lﬂ1/\|'€]ﬂm@ﬂ

(Y v J

a dy A o [ =
af ULAZMTAATONTUWUTIUEWWONADR ..., 32



AT UMW

JUANN 1 0EAINTOUIUIANNAATUNITIVY oo 3

v 3y 1
JUN AN 2 naaadadIuv0d vascular access Tuiilg laiseseszezgation Idsumsenidon

AR PP, 200372017 <o 7

FUN AN 3 uaraadoyaIn USRDS 2018 Asua 1 1A, 2557 D3 30 WA. 2560 DIdATIUVD

vascular access (REUAUFINIAIAI) HAIMITHONROA 1-..vvveeeeeeeeeeeeeeeeeeeeeeeeeeeeeeen, 8
= = Ao o do a & A Ao o Jo

7N N9 4 ugaanseImsuazeIMsuaaINduiusnuMsfae lunszumaoandunu s

ANATUHADADN ..o 9
{ o Al a v 1 ' ) Yo [

JUamd s naasugihelulasensdve Tasutienungun lasumssnm............ 26

{ a v d v
Eﬂﬂﬂ'\l‘ﬁ 6 LAANTZIZIA IUMSINANAANTIDN IUAN Y UL VDY Kaplan-Meier plot ................ 29



1.1 anudayuazNinvaatfayriin133dy (Background and Rationale)
A
nmstendenludiaelaiesiszez gaiie (end stage kidney disease, ESRD) Tag 1%
A Y . v A A A = ] <
waamaamm@ﬂamm (arteriovenous fistula, AVF) ilmﬂuaﬁmmmmmquﬂ E]EJNul,iﬂ
1 [ o o { 1
alugiheursnguniinnuindunazdesnonidoariuaienoniaon (tunneled central
Y d‘d [} J Y] Y A Y c!'d
venous catheter) Taginnizdirenlonguin Tuansonudemsiidala viediheniivaoa
A ' 0w A 3 v Yy A Y A 1
e lumuzdmsumsveniasa (dludu nzunsndeunny ldtiesnnmswenaeaciiu
A a ua Y 1 a dy d' o ] @
deondoalunylia laun n1sAade n1s@euMLNLI0IEIY HAZNTRAAUUBIEY
Wontaea (thrombosis)
a dy Y A A Id Ao o 1 ~ ~
nmiAaelazgaduvesmeenidonneilunz Ndinyaens gy dadomeon
Y
1A0A UONIINUGITINAADNIZNUWANTN DATINTUBUTTINGTILIA LLAZOATINTITEFIAVD
Y1 ¥ [ T Y { [ A 4 a ¥ [EA {
Ailelaiess nundihenenidearuaisrenidoaligianissimsaaegeniigileh
A 1 A =< 1 (1) LA Y 1 dy = a dy
Wonidearurasa@on AVE 04 551" ag innnniesas 50 vodilenquilazinisaaie
. . U Y Y Y

lunszuaaonn1uu (catheter-related blood stream infection, CRBSI) dima i1l edvauou

(2)

[ § @ @ a { 9 - @
Fnplu Tsanenamae 10 - 40 Junaziionsims@eTiangededosaz 14 - 28” uon1niidy

‘W‘Uﬂﬁl’aﬂaz 42 SUENﬂTiL?Tﬂmiﬁnmﬁummﬂﬂ’amﬁaﬂ LﬁmﬂmﬂmﬂWamﬁaﬂqﬂﬁu(3)
Y] I A 3 ad ' & 9 a A
mﬂ%mia@ﬂmaﬂamaamﬂua‘ﬁmifJfJN‘Viuﬂumiﬂmﬂum‘iqmumﬂmﬂﬂamaaﬂ
A o yd wa Y vy o i
Iﬂﬂﬁ’l'icﬂu']iJ']GL%afJﬂﬁ'lfJV‘lﬂﬂLﬁﬂﬂﬂjiﬁﬂﬂlﬁuﬂﬂiuﬂ']Uﬂ'lﬁﬁ@ﬁ'luﬂ13Qﬂﬁu (al’ltl-

. v 9 a - . . . a I a 2 Aq Yo
thrombotic) HAZADAIUNITAAILD (anti-microbial) Laﬂmimﬂumi%uwﬁm%mmmxﬁa
I a ua Y @ 1 o w {
Aumnaspulumanwlfidanalumsfesiumenoniaoagasu® uatidedinaluauldn
=\ = 1 A ] [ Y a < = ° 2 ..
UANUABIRNIZIRDADBNIY aznB THINAN1IZINAAIADAA 1910181 W13 Y (heparin induced

' Y
thrombocytopenia) 14 tazds linuvangufvanuaiunuduialunsdesiunisaaie

IS) %

[ Iy 3’, = Y =y 1Y % A = 1w
ﬁ’JuﬂﬁGlG]S“]f!,ﬂ'iﬂuuﬂ\‘ilLﬂJﬂwJﬂmﬁ‘JJ‘]JﬂGluﬂﬁﬂfNﬂuﬂﬁQﬂﬂusUfNﬁ1fJ“V\|fJﬂLafJﬂL‘1/]fJ‘]JL‘1/Hﬂ‘]J

Q

a 1 4 1 [ a
@UNWITU LA ENT189I1U910 PIANIIDTINITUASYIUNITANTIOINTN (Food and Drug

a A

Administration, FDA) 1a.¢1. 2000 a1 1¥1383%301189910 1451 46.7% citrate solution 5 Haaan3
v

A = o o J o Yo A =) [ [ o Y
nuaeonaon %Q@Wﬂzﬂgﬁwwu‘ﬁﬂﬂﬂ1§hlﬂill“]fmiﬂﬂﬂJ"lﬂHJ"lﬂGluinggna"lﬂuﬁu mli

a 9 = A o 9J Aa o a Y(5) tiyw = A 9 =1 [
INARNAVNUIAYILI DN ﬁﬂmmummmwuﬂgumq"lﬂ HUBNIINUIINITININAD UV NFINIUNY

alnisu



= 4 I a & Aa A @ 3’1 ] @
Taden luasvowailumssiavilanlauauialunisduginisuieaives
== a Aa A A [ 9 a
wuaiize TagnisannsinzaavesuuaiissnaeendeauaziosnumsaiialuTedy
. : 3 o w a a 4 @
(biofilm)” Fedetfuhwunedrdy lumsaanisimaniigdaeninaioreniaon uagdall
A "y 3 o A v W =y 2 J
Auautia lumsaemumsuiaIveudon lnenstunulszguinvewnadon Fuilulauvin
L 3 o A 1 7) o t 3’1 A a
903 1UMINIZUIUMIUTIAIvBaRa luT1anme” tazdianusadudimsnlasuain 1nus Tu
<3| S (8) o 9 3 o A Y va o A ' Y
it uiu® siildaanmsudsdiveudon dAreauduiiansingiu dszneunusiaign
1aoane wazlalscanininna
Ay vd 4 = ' 9)
wonvni laGuiinis@ny1vuialvgvos El-Hennawy” nazamz luidszime
[ a 1 o 4 I
ansgoniin Anwlugiheen laswan 452 510 Tagld 7.5% Taden lumivea iues
3 [ ER] I 1
donarewenden Meunumsly 0.9% Ts@sunas lsaiiluasdonarenoniaon uaznui
Y = 4 I < A o 4 [
M3 l% 7.5% Tandon lumsvema Wumsaenaerlonidaon cusnangianmssivesdnsing
=) A (% a dy A d‘ [ o Y A
gudemenonidennnmegaaunazmMsaare lunszumaeandunusnumeentdonlu
91 dy [ ] A v o w an
Al laisesvedniiisdaynieana

= 3 A = Y R a @ v <
iNLﬂu‘ﬂﬂJ’l(’U'ﬁ)\?ﬂ’lﬁﬁﬂ‘H’liuﬂﬁﬁuﬂﬂﬂ’lﬁu’l 7.5% TcmﬂElilllllﬂ15‘]Jf]tu¢]3ﬂi“]ﬂﬂua’lia@ﬂ

A =S [ 2 =K o = A (4 a dy
ﬁWﬂW@ﬂLaﬂﬂIﬂﬂmﬂU UL@WWiuﬂ\‘lﬂﬁiWﬂﬁ’G;(illLﬁﬂf’ﬂﬂ‘i’\lﬂﬂLaﬂﬂﬂWﬂﬁWﬂﬂﬂﬁulLﬁZﬂﬁﬁﬂWﬂ

9 E]

v
[ o

Y
Tunszuadeandminusiumeronidenludilelaisos

1.2 MOINUYBINIT IV (Research question)
1.2.1  Meuvan (Primary research question)

Y = J < A A o = A
ﬂﬁslf]f 7.5% IGBL@fJiJhl’IJﬂﬁ“]J@Luﬂﬁ@ﬂﬁ’fWW@ﬂ!ﬁ@ﬂ M@GlﬂﬂﬁqmlﬁﬂﬁWWﬂﬂmﬂﬂﬂ1ﬂﬁ18f;ﬂ

=

( a dy A A o v o A 91 dy [ Yo A
autazNsaare lunszuaaeandunusnudenenaon Gluﬁﬂ')ﬂllﬁlﬁﬂﬁﬁw asunmisveniaon

Y A A 1 9 a A ’
ﬂ’JfJLﬂi’é]ﬂﬂL‘VlEJiJ ﬂ'N%']ﬂﬂ']ﬁslsmgﬂw']ﬁuﬁlsﬁﬁﬁﬂulll

1.2.2  A1914399 (Secondary research question)

9 = 4 < A = a A @ a
15 1% 7.5% I“]f!,ﬂlelll‘]_lfni‘]J@!u@]a@ﬂﬁ']m/‘lﬂﬂmﬂﬂ MﬂﬁiWﬂWiLﬂﬂﬁWﬂW@ﬂLa@ﬂQﬂﬁu NITAAN

{ o @ J

dy A = o A a tg = J
wolunszua@eandunuinuaieeniaon Llagﬂ']ﬁ@]ﬂ!ﬂf'ﬂ“ﬂﬁL'Jfl!WWQ@@ﬂLLﬁ%WNQIMQﬂﬂJ@QﬁWﬂ

¥
=\

WonidealudihelaGesn ldsumsneniaeasianioslaiion arsanmsldedwisulenselu



(Y] d au
1.3 ’mqﬂizmﬂmmmimﬂ (Objective)

S  w
131 wgdszasnvan

= 9 = 4 < = =KX o =

ﬁﬂHTNaﬂl@ﬂﬂTii"H 7.5% I“Iﬂﬂﬂll]lllﬂTiU@!u@ﬁﬂﬂﬁWﬂV\lﬂﬂmﬂﬂ NOATINITFYLTYNY

A (Y a 49; A A o o J o A Y
V\l@ﬂm@ﬂﬁ]TﬂﬁTﬂQﬂ@uLLagﬂTﬁ@ﬂL‘]f@sluﬂﬁgllﬁm@ﬂﬂﬁﬂwu‘ﬁ Uﬁ?ﬂ?\l@ﬂla@ﬂiu@’ﬂﬁﬂqﬁ
49; v A Yo A Y 4‘ = a A [ a =1 [ 9
Li@ﬁ\i‘ﬂhlﬂillﬂ1§1/\|@ﬂm@ﬂﬂ?ﬂlﬂiﬁlﬂ]l@]ﬁﬂﬂll N 3 D UNAINITAANTY L'].GEJ‘LIWIEJIIﬂTJﬂTiGlG]ﬂ?I‘]J

wisulunguaduau

U

J

132 wglszasnses

= 9 = 4 I = 2K o a

Anvnaveans s 7.5% Tmden lumsveadonamevoniden deoasimsadenen
A o a X A Ao o du A a & a
Moagady Miaawelunszuddeandunusnumeveniden tazmsAaFousNuNI@N

P i Y = 1 % i1 1

uazneg Tusavesmeneniden lugihe lasesanlasunislenideadronioelafen 7 3

A [ a =1 [ 9 a 1
IPDUNAINITAANTY Llﬁﬂﬂlﬂﬂﬂﬂﬂﬂﬁi%ﬁﬂv\lﬁuiuﬂ’q&lﬂ’)‘ljﬂll

1.4 auuAgIM (Hypothesis)
Y = J < A v = =
fﬂislf]f 7.5% IclﬂﬂEJlJhlUﬂWiUﬂLu@lﬁ@ﬂﬁWﬂV‘l@ﬂmﬂﬂ fﬁlﬂﬁi‘lﬁﬂf]@]§1ﬂ1§qmulﬁﬂﬁ1m’\lﬂﬂm@ﬂiﬂﬂ
@ a dy = dl [ v Jo A Y dy o Y~ 1 9
ﬁWﬂQﬂﬁuLLagﬂ1§§]m°]5'é)11!ﬂ§$LLﬁLaﬂﬂﬂﬁNWU‘ﬁﬂUﬁWﬂW@ﬂ!ﬁﬂﬂiu@ﬂ’)ilulﬁLﬁﬂﬁﬂhlﬂﬂﬂ’ﬂﬂ1ibl“lﬂﬁﬂ

RERY
1.5 NIBUUUINNNAAIUNITIVE (Conceptual framework)

Catheter related thrombosis
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malignancy, sepsis, critical illness)
Catheter type (lumen diameter)

Insertion (tip location, side, site, number of attempt)

ESRD on HD with T Central venous
central venous catheter 7.5% NaHCOj lock catheter loss

Catheter related blood stream infection
Patient factors (chronic illness, immunodeficiency,
extreme age, malnutrition, extreme age, loss of skin
integrity eg. burn)

Catheter factors (duration of catheterization, type of

catheter, catheter site care, condition of insertion)

Other causes : catheter malfunction, exit site

and tunnel infection
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(a) Type of vascular access in use (cross-sectional)
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7. 1neldseia heparin induced thrombocytopenia
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3.2.2 mAdialuMsguAIRE1 (Sampling Techniques)

v
1 (3 1 I

FA dgll [y 1 = Yo A A 3}; J
quanedfihe lasesna lngergunnnidi 18 Inldsumsvleniden 2 Wse 3 asee

Q

o d A a =} a =~ a

dla ruaevlonideariianing a qudlafounignga 1 gudlafonasange 2 qudla
4 Y o £ v aa a

Wousswgny quélaioudoeiaa swanmdnd sw. Yoy tagsw. @Y INAMmANNTE

A 9 A v ] 1 < . .
MYIA 84 WITHT AIPITNITADNFNAI0I1MULVADN (block randomization)

3.3 mslvimiienanBal §iaN14114n 15398 (Operational definition)
a tg A d'u v o A o o (Y] A
3.3.1 f’ﬂiﬂﬂl‘liﬁcluﬂ53!!@1’!@f’)ﬂ‘VIiﬁlWuﬁﬂ‘lJﬁ"lﬂﬁ']‘u‘ﬂaﬂﬂ!ﬁﬁ)ﬂﬂ1@'1“r’i§ﬂ7\lf’]ﬂ!ﬁﬂﬂ
(Catheter related blood stream infection)
= a & A DA Aq 1 A o o W A Aan Y
HUNYON ﬂWiﬁﬂlﬂfﬂiuﬂi%LLﬁLﬁﬂﬂiu@‘]J'JEJ‘VIGlﬁﬁWﬂﬁ')u‘ViaﬂﬂLﬁﬂﬂﬂWﬁWﬂiUWﬂﬂmﬂﬂ ‘Vlilhlell

A [ a o (= 1 Aa dy A 1 o 9 9 & 1 g
LLﬁZ‘I’ii’E)ﬂ’ﬂﬂJﬂuIaﬁﬁﬁﬂﬂEllliJﬂJﬁ%‘l’iﬂiﬂﬂLLTia\‘iﬁm%’é)@u iﬁuﬂﬂﬂlﬂlﬂﬂl@ﬁuﬁﬁﬁ)]‘lﬂu

A 2 A A o N A A =
- WAz uewilameInunaanaea luszuaI0d leuney Tagasaazainiate
MEAIUNADAIADAAT 5 LFUANAT NIAMIITIeAIUADARAs A ST UNoNABADBN
Y 9y
[ Y a . . . !
TagyuI¥auINNI1 15 CFU/catheter segment A383F semi quantitative ¥3© ¥10A31 10°
Y A . .
CFU/catheter segment A2075 quantitative
dy dg! dy a = Y g’l A d‘ =
- wamnzevuertiameddunauden luszuums ot lamen Tasasaaz aeaiuviaon
A o o t&l d‘da! A o 1 ] 9 1
@eAAT 1AgIUIUFONUYUINAUAIUHADAADAAININAIDENUDY 3 1911
til da! til a = Y 3’, = d‘ =
- wamzwevuyestiameddunauden luszuums ot lamey Tasasaaz aeaiuviaon
A ° A 42 A A a 2 1 1 9 @
woam TaganuundonluszuumIed ey Tasase YuEIn 08191108 2 %2 114

Y a A A X A o o o A A
Iﬂﬂiﬂfﬂim1ﬂlla@ﬂﬂﬁﬁLW1$L%@ﬂ1ﬂﬁWﬂﬁ3uﬁa@ﬂLa@ﬂﬂ1ﬁ1ﬁ§UW@ﬂla@ﬂLm$ﬂ1ﬂla@ﬂ1u§$llll

A = [l A Aaa o [ = o o [ A Y A
Lﬂi@\ihlﬂlﬂﬂlliﬂﬂ@lﬁﬂﬂﬂ%iaz 10 Haaans dmsvaeaIunasaaeamdmiunenaenve 19aen 5

9

1a0ansINEeFUAILAY 5 UaaanITINaeFU Y



16

a 4 a @ <3
3.3.2 ﬂ‘lﬁﬂﬂl%ﬂ”ﬁl?m‘n1ﬁﬂﬂﬂ‘llf‘)ﬂﬁ‘]ﬂﬁ?u (Exit site infection) ‘Vill”lﬂa\i N1TONLEU DALY LUNG
) a3 A A 3 A S A a
VIY LA IO U NuTLﬁa@ﬂﬁi@uTﬁu@ﬂqﬁaﬁﬁﬂﬁﬂﬁglﬂﬂ‘V]UﬁlamﬂTﬂlLNa‘ﬂTﬂ@@ﬂﬁTﬂﬁau Iﬂﬂ

o 1 1 1a a 1 A d
durdaranihnuma linu 2 wudmasuag lugnam g Tusdmediu

a X g a 4
3.3.3 MsfaemaglusnmeaIuiaon@en (Tunnel infection) UG N15AATOAINIUY
d A o g’; 1A o o
glusameldanmisaauausnm cuff Tudsthnuma venotomy voranadoas Tasaziioinisiia

3 A

< 3 3
VIN LA %’au ALY ATUUUITIITIU mfuﬁu1mamumuEN"h»iaaaﬂmmﬂﬂmuwammaﬂmﬂ

aiu

3.3.4 mavlonidengaf (Catheter related thrombosis) ¥iu169e M3h luannsngadeavsold
9 A o o o A Y 9o .. . 4 =2
st T luaeeiuraeadeasidmsurleniiionld i1 repositioning maneuver 182 5948903
A A = [} a 1 A o o % A 9 1
Mased laien liamnsoila blood flow FiuMeaeaIUasaeamd s uvlen@en lauinnin
300 ml/min ¥3© prepump arterial pressure §4n71 -250 mmHg FNNOUNTDIZHINMIONIADARIY

4 -
1n504 lanew

3.4 YHWIANIVENS (Sample size determination)

@ d o 2 A v = A o a dy
3@@ﬂ5$ﬁ'\1ﬂﬁﬁﬂﬂlﬂﬂﬂ15ﬁﬂ‘ﬂ1 o f)ﬁ31ﬂ13’gﬂllﬁﬂﬁ181"lﬂﬂlﬁﬂﬂﬁ]1ﬂﬁ1ﬂﬂﬂ§luuﬁ$ﬂ1ﬁﬁﬂl‘]ffﬂu

g q

v k2
(2 o A o

A =~ d o A 91 1 Yo 1 o
nizuadeanduiusnumedeniaenludihelaiGess (nguldsue, nguaiuawn) Tasfvua type
I error (QL) = 0.05, power (I—B) = 80% Lla¥matching ratio =1

[

o 9 d’l
daTasldgaiail

Ntrt =

2
zl_% V ﬁq(1+%)+zl—ﬁ \V 1’1‘11'+'E27‘?z
A

p, = P(outcomeltreatment),q =1 —p,

p, = P(outcome|control),q =1 — p,

- ptoT - n,
b= 1+7r 7q:1_paT: .

K = nA/mB is the matching ratio = 1
pl = proportion of treatment outcome

p2 = proportion of control outcome



17

Ol is Type I error
B is Type II error, meaning I-B is power
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3.5.2 MITUNAaZNSIA (Observation and Measurement)
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Eligible 205 chronic HD patients with tunneled CVC
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Excluded (n=87)

Not meeting inclusion/exclusion criteria 67

Refused to participate

20

118 patients randomized

v

Heparin group

n=~61

Discontinued early (n=1)

Death from heart failure 1

Completed the trial
n =60

v

Sodium bicarbonate group

n=57

A4

Discontinued early (n=5)

Patient’'s concern

3

Vascular access change to AVF 1

Shifting to another HD center

1

A4

Completed the trial
n=>52
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% &
Characteristic Heparin (n=61) Sodium bicarbonate (n=57)

Age (years), mean (SD) 58.7 (14.0) 62.5(14.9)

Male, n (%) 26 (42.6%) 22 (38.6%)

Weight (kg), mean (SD) 59.2 (12.5) 56.2 (12.8)

Height (cm), median (IQR) 160 (12.5) 160 (11.0)

BMI (kg/m’), median (IQR) 22.75 (5.65) 21.40 (4.84)

DM, n (%) 26 (42.6%) 38 (66.7%)"

HT, n (%) 58 (95.1%) 52 (91.2%)

Previous smoking, n (%)

Yes 6 (9.8%) 12 (21.0%)
No 55 (90.2%) 45 (79.0%)
HD vintage (month), median (IQR) 32 (39) 28.5 (53)
Duration of tunneled CVC (month), median (IQR) 21 (20) 17 (19)

Site of CVC, n (%)

Right 55 (90.2%) 48 (84.2%)
Left 6 (9.8%) 9 (15.8%)
1V 61 (100%) 56 (98.2%)
FV 0 (0%) 1(1.8%)
Serum albumin (g/dL), mean (SD) 3.93 (0.38) 3.87 (0.35)
Serum calcium (mg/dL), median (IQR) 9.0 (1.2) 8.8 (0.8)
Serum phosphate (mg/dL), median (IQR) 5.0 (2.9) 4.4 (2.0)
Serum bicarbonate (mEg/L), mean (SD) 20.8 (2.9) 21.5(2.7)
Hemoglobin (g/dL), mean (SD) 9.4 (1.7) 9.5 (1.4)
PT, median (IQR) 12.9(1.2) 12.8 (1.3)
INR, median (IQR) 1.14(0.12) 1.13(0.13)
PTT, median (IQR) 40.2 (13.2) 38.3(9.3)

Frequency of HD, n (%)

Twice-a-week 19 (31.2%) 16 (28.1%)
Thrice-a-week 42 (68.9%) 41 (71.9%)
Antiplatelet use, n (%) 19 (31.6%) 24 (43.6%)
Dialysate calcium, n (%)

2 mEqg/L 4 (6.6%) 6 (10.9%)
2.5 mEg/L 39 (63.9%) 26 (47.3%)
3 mEg/lL 4 (6.6%) 2 (3.6%)

3.5 mEg/L 14 (22.95%) 21 (38.2%)

*p = 0.01 when compared with heparin
Abbreviations: BMI, body mass index; DM, diabetic mellitus; HT, hypertension; HD, hemodialysis; CVC, central venous catheter; IJV,

internal jugular vein; FV, femoral vein; PT, prothrombin time; INR, international normalized ratio; PTT, partial thromboplastin time
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Heparin lock Sodium bicarbonate lock Hazard ratio* P value
Outcomes n = 61 n =57 (95%Cl)
No. (%) Rate/1000 No. (%) Rate/1000
catheter-day catheter-day
Primary outcome
Catheter loss 0 0 0 0 - -
Secondary outcome
Composite of CRT, 2 (3.3%) 0.8 23 (40.4%) 13.8 15.10 0.004
CRBSI, ESI/TI (2.39-95.47)
CRT 0 0 23 (40.4%) 13.8 - < 0.001
CRBSI 1(1.6%) 0.4 0 0 - 0.56
ESI/TI 1(1.6%) 0.4 0 0 - 0.56

* Adjusted for 7 clusters for HD centers

Abbreviations: CRT, catheter related thrombosis; CRBSI, catheter related blood stream infection; ESI, exit site infection; TI,

tunnel infection

= Heparin (2,500 units/ml)
= -
=
c
> 0
w ~ 4
[0) o
Q
=
% 2 | 7.5% sodium bicarbonate
£ o
©
[&]
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>
] w
© N+
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§ Hazard ratio 15.1; 95% CI 2.39 to 95.47
o
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Follow-up (days)

H a v J o
simnd 6 uaasszezna lumsinanadnssedludnuaizved Kaplan-Meier plot
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Subgroup

Diabetes mellitus
-Yes

- No

Smoking

- Previous smoking
- Non smoker
Antiplatelet drug use
-Yes

- No

Statin use

-Yes

-No

ESA dose/week

- <8000 U
->8000 IU

HD vintage

- < 3years

- 2 3years

CVC duration

- < 24 month

- 2 24 month
Serum phosphate
- < 5.0 mg/dL

- 25.0 mg/dL
Serum albumin
-<3.5¢g/dL

-2 3.5g/dL

HD frequency

- Twice a week

- Thrice a week

Heparin lock Sodium Hazard ratio
(n=61) bicarbonate lock (95%Cl)
(n =57)

no. of participants/ total no.

1/26 16/38 12.86 (2.05-80.75)
1/35 719 15.89 (2.78-90.63)
/6 6/12 -

2/55 17/45 12.40 (1.90 - 80.95)
1/41 10/26 9.12 (0.95 - 87.21)
1/20 13/31 21.02 (4.52 - 97.80)
1/35 11/30 15.75 (2.31-107.36)
1/25 11027 13.45 (2.31 - 78.15)
2/45 11/34 8.42 (1.42-49.7)
0/16 12/23 -

1/34 11/30 14,58 (3.15 -67.49)
1127 12/27 14.80 (1.53-142.81)
1/34 11/33 13.22 (3.33-52.43)
1127 12/24 17.63 (1.58-196.51)
1/34 14/38 14.65 (1.80-119.49)
1127 919 16.95 (3.98-72.24)
1/56 2/6 1.88 (0.54-6.54)
1/5 21/51 28.23 (4.11-193.71)
2/19 5/16 3.37 (2.01-5.63)
0/42 18/41 -

v o Jd

qAUNUD

P value

0.006
0.002

0.009

0.06
< 0.001

0.005

0.004

0.02

0.001
0.02

< 0.001
0.02

0.01

< 0.001

0.32
0.001

< 0.001

Abbreviation: ESA, erythropoiesis stimulating agents; HD, hemodialysis; CVC, central venous catheter
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P value for

interaction

0.43

0.26

0.95

0.49

0.09

0.09

0.14

0.57

0.79

0.95



31

d
4.3 rgmsallaiiialszass
= ] SN 1R S a 9 I A g’/ 1
INNITANHA ]‘lll‘W'Uﬁ’i1{]ﬂTﬁm]‘lll‘W\‘ll]ﬁgﬁ\‘lﬂ‘]ﬂ!ﬂ518&!;5\‘]fl]Tﬂﬁ”lﬁﬁf’)ﬂﬁ”lfl?\l@ﬂm@ﬂ‘ﬂ\‘]cluﬂ@ﬂ
1 J 4 1R Jd Aa ] U A
NAROIATNGUAILAY uAWDIHAN Tl iUz asdatia liguusalungunaaealudioe 4 510
Y a Y= = v A @ Yo = J

]‘lﬂllﬂ 21M5¥1UTIUTeVLIN HASIANVYNAD Iﬂﬂ‘]@ﬂiTﬂN@TﬂTﬁ'ﬂu‘V]'ﬂﬂﬂhlﬂ§UI“ﬁlﬂ83Jl1Uﬂ1iﬂﬂlu@

1 1 dy Y =\ dy A I 1 a a
Lm@1ﬂ”lﬁﬁ’iﬁ”luf’f”lll”Iiﬂ?i”lﬁ]hlﬂli’)\‘lﬂ”lﬁl(lu 1 419 wena U Mz@ealuaazeInsaalnaain

[ ]
o A 1

[ = A a 49! Yo = 4 U (=
ﬁ%ﬂ‘uLl,ﬂmclfﬁlllGlum@ﬂﬁ11/]ﬂ1ﬂ’ﬂ@1mﬂﬂﬂlu“’1]1ﬂﬂﬁhlﬂﬁ‘lJIGMQEJiJhl‘Uﬂﬁ‘U@mﬂ W‘U’H]liJJJﬂ’JHJ

]
=

uanANINnauALaN Iasuedwis uedalin

Y [ aa

gAY NNED
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MnmsAnnsell insldmsdenmonenidon 3 wiia Iaun wlwisu Tsden (heparin
LEO® pharmaceutical product ; 5,000 §1AA01a005) Y119 5 HaaaATADYIA (31A1VIAAE 175
1IN) 7.5% Ti@enlua1susiua vuia 10 UaaansdovIa (31A192AAS 12.4 V1N AL
Alteplase® (tissue plasminogen activator, 7£-PA) Y11A 2 YAaaNTuaUIA (517193002 1,711 V1N)
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110 multivariate analysis

Catheter related thrombosis

Hb (1g/dl increment)
Diabetes mellitus

Antiplatelet drug use

Statin use

ESA dose > 8,000 units/week
HD vintage 2 3 year

CVC duration 2 2 year

v Jd

= o A
M3199 4 uaastadenduiiusa

Univariated analysis

Hazard ratio (95% CI)  P-value
1.23 (1.02-1.48) 0.03
2.03(0.92-4.48) 0.08
1.07 (0.51-2.27) 0.86

0.75(0.48-1.17) 0.21

2.08 (1.03-4.19) 0.04
1.38 (0.92-2.07) 0.12
1.49 (0.75-2.93) 0.25

Model 1*

Hazard ratio (95% Cl)

1.37 (1.21-1.55)
1.54 (0.71-3.40)
0.72 (0.37-1.40)
1.55 (0.83-2.91)
1.04 (0.46-2.36)

1.17 (0.65-5.31)

9
a (J Y a 4
E’JﬂTil,ﬂﬂﬁ18W0ﬂL§@ﬂQﬂ@luVNﬂﬁill,ﬂ'iW‘I’HL‘U‘]J univariate

Multivarited analysis

P-value

<0.001

0.28

0.33

0.17

0.92

0.24

Model 2**

Hazard ratio (95% Cl)

1.40 (1.22-1.60)
1.56 (0.78-3.12)
0.63 (0.32-1.23)
1.00 (0.45-2.24)
1.82 (1.10-3.00)
1.06 (0.48-2.35)

2.00 (0.73-5.45)

Abbreviation: Hb, hemoglobin; ESA, Erythropoietin stimulating agent; HD, hemoglobin; CVC, central venous catheter

* Adjusted by group, hemoglobin, diabetes mellitus, statin use, ESA dose > 8,000 units/week, HD vintage 2 3 years and

CVC duration 2 2 years

** Adjusted by model 1 and antiplatelet use
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(%

2 ]
313 uuazmiﬁm%ﬁﬁu
Cost (Bath)

Locking solution
rT-PA managing
thrombotic complication
Antibiotics managing
infectious complications
Total

Total /treatment

Abbreviation: CVC, Central venous catheter; USD, United States Dollar; rTPA, recombinant tissue plasminogen activator
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A
wusnuaewenaon

Heparin group
(972 treatments)

85,050

8,452

93,502

96.20

Sodium bicarbonate group

(898 treatments)

11,135.20

78,706

89,841.20

100

P-value

0.001

0.21

0.17

0.98

0.02

0.88

0.18
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