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Relationship between Abdominal Aortic Calcification by Plain Lateral Lumbar
X-ray and CT-based Coronary Artery Calcification in

Chronic Kidney Disease Patients

*Kittisak Thanwirunroj, M.D., *Pongsathorn Gojaseni, M.D., **Elisa Niyomthai, M.D.,
**Sayom Bunnag, M.D., *Anutra Chittinandana, M.D.
*Division of Nephrology, Department of Medicine, **Department of Radiology,
Bhumibol Adulyadej Hospital, Directorate of Medical Services, RTAF., Bangkok, Thailand

(Correspondenced to : p.gojaseni@gmail.com)

(Received : 31 March 21,  Revised : 15 June 21,  Accepted : 5 July 21)

Abstract
Background : The presence and severity of cardiovascular calcifications strongly predict cardiovascular
mortality in patients with chronic kidney disease (CKD). Most studies examining calcification in CKD
patients use computed tomographic (CT)-based techniques to detect coronary artery calcification (CAC);
which is relatively expensive. This study focuses on testing whether lateral abdominal radiographs, which
are widely available, less costly, could be used instead of CT imaging.
Methods : A cross-sectional study was done in pre-dialysis CKD patients in Bhumibol Adulyadej Hospital,
Royal Thai Air Force. All participants were investigated by CT-based CAC scores and lateral plain film of
the lumbosacral (LS) region to detect abdominal aortic calcification (AAC) scores within 3 months following
enrolment. Medical data were collected from patients and medical records.
Results : A total of 70 patients (44 males, 26 females), aged 70.59+10.16 years were enrolled in this study.
There was a significant association between CT-based CAC scores and plain film-based AAC scores.
The correlation coefficient (r) between CAC scores and 4 scales AAC, 8 scales AAC and 24 scales AAC was
0.399 (p=0.001), 0.364 (p=0.002) and 0.385 (p=0.001), respectively. The CAC scores > 400, which is considered
to be a good predictor of cardiovascular mortality, was chosen to be tested with various AAC scores. It was
shown that CAC scores > 400 has strong correlation with AAC > 2 in 4 scales AAC [sensitivity = 93.5 %,
specificity = 59 %, area under the curve (AUC) = 0.783], AAC > 3 in 8 scales AAC [sensitivity = 83.9 %,
specificity = 64.1 %, AUC = 0.766], and AAC > 4 in 24 scales AAC [sensitivity = 87.1 %, specificity = 71.8 %,
AUC = .799]. There was also a good correlation between each AAC scales.
Conclusion : Abdominal aortic calcification detected by lateral abdominal radiographs could be used
instead of CT-based coronary calcification scores. Prognostic value of the abdominal aortic calcification in
this population should be determined in large scale, prospective cohort studies.
Keywords : chronic kidney disease, vascular calcification, coronary artery calcification, abdominal aortic
calcification
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UsufulSnnueaiuuuwaanidonuadlalswiam

(12)

Tomanmsifialsnilaluomaa™ wumh
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= a % 2
AT 0-10 NIBTT]GLT]@I?@W]&LQ VYN 0.11

gl
=) A (% £
Az 11-100 Alamatinlsasila oeay 2.1
gl
=) =y (% £
AzLU 101-400 Alomaialsala Seas 4.1
gl
=) A (% £
Az > 400 Slamaialseila Jouas 4.8
gl

a = =3 a 1 a
waAMIAnEILFeWeUTEN IR g UK
TRauaaITNLYmaoaRoaLAdlALIWERIA NN TS
a A ldl a a
PDIMTAUVDINADMLADALAILALIWIE INMITRAT
ﬁ’mﬁﬂﬁ] (conventional coronary angiography) WUN
a v o 6 1 a < (13-14)
JeNuAuNUs AL
:yL U 1 Z o v Y
AMGHATN PN mssnaslsamla
LLamaamLﬁammaw%gaLm%mvlmﬁlw”mﬁaam%'udmzLmu
UsefiuiBannsea Fanunnaandanuadialanis s
lﬂl A (% a (% A
w3asfladansaslomaiinlsnilauasnansidon i
vr Ao ia vd 4
ammiu@mmmvlmmmﬂaﬂimwﬂamemmﬂmg\ﬂ
faufalsaila %ﬂﬁm'wLﬂuﬂm’jmﬁ'ﬂﬁmzﬁuﬁgmgﬁ
1 [~3 U A [~3 6
aeslef aunInsIan8as 098 nese
A 63 a I v é I 1=II ° £
QTP Tea GRERINANGR Feona e faginan 4
1 U 1 v A = a
athanearmnsludsumeling Tansuimsdnmysaom
6 I
WARTNUUNADALADALAIEDASMEIUAY (abdominal
6
aortic calcification: AAC) MAMINTINONTIEIA UL
Pa9nTrgnEumas et nmadeiinnnlsevila
A A v v o (15) A! [~ 6
LAVRRRARANU TR NNANNUSTIAY FIMIemangisel
asgnamaIT MmN Usenaurwaney i
maaamﬂﬂiﬂ%mmm@ (Kidney Disease: Improving
v .q w % .
Global Outcomes; KDIGO) Vl,mmuﬂu@mﬂmﬁmq
4 e o “ .
v8I2 3-5 LIRGRINTLSUANL Sa N AP AT AU IAD A
Lﬁamslm”ﬁwmim’mLﬁﬂsﬁﬁﬁmg@ﬂﬁmé’qd’mafgm’ﬁwﬁﬁa
G A °'L o1& (16) uﬁly adzu o o
Anesne mstsedin® vihlvinmsesadsi shagwsneiu
) 4 3 a ¢
Usume nesnnnhmmemamen3easnastnanimas
(<3 U1 Zﬁ a a A
il malS e afuNUuaanaan
1=II a A 6
WAL e B BN DAL BTN RD ALADALLAI RN
I v v fu o A 9
drslenuduiususanmaduBieannlseilauay
A XY 1 a = 1 Z/ﬁ v o €
WanaEan uas audmaanm lassanen nudwus
203U a T UNUwaAEaaLAsla 35N
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fisnmnvwmesannaiialsawlauasiaanidaaiis
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MR 2R vdseleet lwmemans
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L‘%@%ﬂ@”@ﬂwﬁ@mmwLLazmmmﬂuu%ummLﬂiﬂ:@mz
mmﬂigmﬂ%amﬂﬁq@

[ 6 av
?ﬂi!ﬂﬁzﬂﬂﬂﬂ'ﬁ?f\lﬂ

Jaguseasanan

A = o v € a a

D FNINA NN T NN UV LS MDA AT EINUY
WaanlAanauadeasmamwiaslnamInTaLEnEisy
ngmé’mé’@mgﬁumgﬁwamﬁz@ﬂﬁmﬁqdmmﬁumt.mu
UsufinBnmueaFus waandonuaslalswalaams

3 A & & ¢ A Y X o

m’mmalmml,aﬂmmammmaﬂwmdﬁﬂ%ﬁaw

Jaguszaensas

W nnAqadauasSmuaaLFuNuL
maamﬁammqmaa%mﬁmﬁaﬂmamimmﬁﬂmﬁmz@ﬂ
Fundsermaiovasnsegnduvasaued sy T ndaiug
ez v Bnoueaigun wsandanuadals
ANNN 400 WONEET

a ada v
3TLUEUIDINY
PV A s a ¢ o
MIILUUNTANTIIATILALLLN AU
(cross-sectional analytic study) GLWY@:N Ejﬂ? alsalniFass
a AoV Ml . o .
N 3-5 ‘VlEIGVLNVL(ﬂLﬁllﬂ'ﬁll'm(ﬂ‘ﬂ(ﬂLLW%VLGTV]L‘U']?UTTW
19 a 6 1%
ﬁﬂ']:%ﬂ%IﬁQWHWUWﬁQNWﬁQQﬁHLWD’I@Elﬁmmsﬂﬂ'ﬁﬂ@l,ﬁdaﬂ
Py o X
UM
6 v A | Y . .
Lﬂm‘nﬂﬂiﬂ@kaﬂﬂaﬂ'JEIL‘H'ﬁ'JNﬂWiﬁﬂE"] (inclusion
criteria)
1. flany 18 Hul)
E2 Aan (% [~ g (% 1=II
2. VL@?UTT]TTH@%EILU%I?@%@]L?@?G?%EISW 3-5
N KDIGO criteria
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3. WEAIANNEULANIENTINMNIINE (informed
consent)

6 [ I 1
mm‘nmsﬂmLﬁanq%ﬂaanawnnwsﬂunwsﬁnm (exclusion
criteria)

v :!lVL EZ o W
1. fiheflasumethdaneunmle

U

2. ffihemasmsignenela

U
A

F;F! F; 1 =) a v v
3. rzumfmwmnzwvlmmmsammamamﬂu
£ @ 6 A @ 6 A 6
MIATIIEDNTTEVTADNAS IO NN LGRS
Uy a a (% ldl 1 o
4. ;ﬂdmammazvlmfnmaauwawmmﬁwmu
a v A 1 a
maﬂmﬂamamaumgﬂﬂm
U ldl 2 = v 1 (%
KN BTN TINM SN GBI T
Eu”aaﬂaLLafziwaamﬁamaﬁumauﬂﬁﬁwﬂmaamﬁa@ LAY
v a ldl 2 = U
aswnn i NaRaNA LTI INMITA NN Immumfm
FUMIRAANUALBULONTIMNG 70 T 9Ty
AN GUE 1 NPIAN WL 2659 B9 31 DTUNAN WA, 2559
Uy 2 v a wua a aa
I@muuhanﬂ@1Lﬂmumimmmmmﬂgmmimamm
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(creatinine: Cr) Miufiadnsn/ingans (mg/dL)
dotsudinsanmsnsasasls (estimated glomerular
filtration rate; eGFR) luwirefadans/wifi/1.73
FITNINGS (ml/min/1.73m’), Tnurisndes (potassium; K)
Tvmiebhanhefiafdninawians (mEQ/L), fuesuame
(bicarbonate; HCO3) luiming mEq/L, whaides
(calcium; Ca) Twntke mg/dL, WadWe (phosphate;
P04) Tumre mg/dL, Sayiu (albumin) lumbenii/
\WEae (g/dL), 8lulnadiu (hemoglobin; Hb) Mwmie
g/dL, FeFAMAUR (vitamin D) luwsiaennlunsuela
885 (ng/ml), egesnmmvTass (parathyroidhor-
mone: PTH) Twmhiefilansu/iadaens (pg/dL) uag
see et total cholesterol (TC), triglyceride (TQ),
low-density lipoprotein cholesterol (LDL), high-density
lipoprotein (HDL) Ty mg./dL

5 - - 8
F:l.l'ﬂl'ﬁfnuLﬂﬂl*ﬂl‘lﬂ?j“ﬂ'ﬁﬁﬂﬂ1

= ¥ 1 o
HUBDHANTINMETIY

) - - ;s
mmfmammg TULA=HBATITINN ﬁB'Q\JgUHﬂW D] F;Tﬂ 18

" 4

\

¥ - = = [ -, =
dszfiuBarnuurs SoiuummemBesusaleiruiisnng
prrsvsemfesilalaliudfaBasdndedrenfimed

s nurafnuunasadsamaeseimaiuiol
= - - - i
NAMIATIBAMIIALINVRINTRRFUNA A WE)

4

udaralasfafomanni 1

4

udara Taofafummenud 2

1 ¥
LLN%ﬂuﬁﬁ 1 ﬂ%@lﬂ%ﬂ'\‘iﬁﬂﬂﬂ"l

Ms3ATIeIaY (Data analysis)
meisluedsimeneisaalnensldlsune
diSaqmesfidansd Statistical Package for the
Social Sciences (SPSS) version 22 lunsdiada
LFINTTN mné’nwmm"aajaﬁlfavl,ml,azwamﬁmfm

¥ a wva ¥ ! A a A a
MaasdJUims Jayasdailasndmananuasing
Iahanalugiuoudiwn fovas duads uas
sowdaauusnasg damdayadfinauanuaclaiUng
agihisuaenematEg L FEER wavAgIEn uanantiu

a an A i a (2 2 Ql
Tunsdladi@iFeansm maufoufisusnwadayavinh)
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Toendladayaifuiuuuania (discrete or categorical
variables) W46 chi-square test uazdayauLLsaIlas
(continuous variables) 1%+66 ANOVA test 8 Kruskal
Wallis test MaIWMIIANSAIMANNENAUT TN
grtlalaeing ) 14 univariate and multivariate logistic
regression analysis wazILEUNAM A adjusted odds

ratio LY 95 % confidence intervals

3985593N1522¢

qmﬁﬁafﬂﬁ%ﬂﬁaw@mﬂ@mm'ﬁmm%aﬁﬁm
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Tumaiitbien andlsmemnaginsenseies nasuwwe-
A Yo v b
vl uaziihevnme lesummudayauazlims

e aNnawaNTININTIAL

NAN15338
Lﬁmhsn”aaﬂamq@é‘ﬁﬂﬁugmt,t,azwamfmmq
ViR Ruufiensihe 4 nalaauismanzisi
s Anaueaidsmvanadaaundelaws Taens
FrasteRRIENdstraNTRaS B 0, 1-99, 100-399 LAY

SNNMYRRYNTL 400 WOREEL AILEAS TN 1

o % -1 Y e wa a ey ' , a &
M1919% 1 LLﬁ@N‘HﬂSia"(n@ﬂﬁ%ﬂw%ﬁ'l%tmzNﬁ@i'JQ"(INﬂﬂﬂﬂg]ﬂ@ﬂ']iN'lLﬂ%ﬂﬂtﬂﬂﬂﬁlﬂ?ﬂ 4 Nadl I@]FJLLﬂJQ@'\NﬂZLL%%ﬂJi%LN%ﬂJiN'Im

; ; : ¢ - .
LLﬂaL%ﬂNﬂ%ﬂaﬁﬂtaﬂ@]LL@NIﬁIi%’]% (total CACS) Iﬂﬂﬂﬁ@li?ﬂ@%&lLﬂ%ﬂ@tgﬂﬂitiﬂﬂﬂNW?Lﬁai

Total (n=70) CACS 0 CACS 1-100 CACS 101-400 CACS>400
(N=12) (N=14) (N=13) (N=31) p-value
Male gender 44 (62.9 %) 9 (75 %) 6 (42.9 %) 10 (76.9 %) 19 (61.3 %) 0.232
age 70.59 + 10.16 61.83 +10.74 69.07 + 10.71 7131 +9.74 74.35 + 7.81 0.002*
Body mass index 25.41 + 4.61 2537 +42 26.68 +5.74 26.11 + 3.47 24.56 + 4.64 0.496
Framingham risk 23.35 (15.4, 40.6) 23.23 + 17.41 26.34 + 16.05 28.72 + 21.62 32.59 +16.34 0.409
Hypertension 68 (97.1 %) 11 (91.7 %) 14 (100 %) 12 (92.3 %) 31 (100 %) 0.294
Systolic BP  139.66 + 15.85 146.33 + 14.67 138.21 + 1509 135564 +19.2 39.45 + 16.09 0.379
Diastolic BP  77.29 + 12.46 845 +14.9 75.14 + 9.77 80.54 + 10.87 74.1 +12.22 0.058
Diabetes 27 (38.6 %) 1 (8.3 %) 5 (35.7 %) 7 (53.8 %) 14 (45.2 %) 0.089
Dyslipidemia 65 (92.9 %) 10 (83.3 %) 13 (92.9 %) 12 (92.3 %) 30 (96.8 %) 0.5
Chronic kidney-
disease stage
Stage 3a 21 (30 %) 7 (58.3 %) 6 (42.9 %) 2 (154 %) 6 (19.4 %) 0.395
Stage 3b 23 (32.8 %) 3 (25 %) 5 (35.7 %) 6 (46.2 %) 9 (29 %)
Stage 4 21 (30 %) 2 (16.7 %) 3(21.4 %) 4 (30.8 %) 12 (38.7 %)
Stage b 5 (7.2 %) 0(0 %) 0(0 %) 1(7.7 %) 4(12.9 %)
Laboratory
Hemoglobin 12.29 + 1.87 12.7 + 2.79 12.97 +1.31 12.48 + 2.02 11.74 + 148 0.154
Potassium 4.28 + 0.63 445 +04 417 +0.53 4.28 + 047 4.26 + 0.6 0.610
Bicarbonate 24.26 + 2.76 24.33 +3.23 2471 +2.23 2531 + 2.81 2358 + 271 0.249
Calcium 9.43 + 049 943 +0.44 9.57 +0.38 9.44 + 0.66 9.37 + 0.63 0.650
Albumin 419+ 041 432 +0.38 415 +0.31 411 +0.38 4.2 + 047 0.614
Phosphate 3.3 +0.65 316 +0.75 3.14 +0.62 3.38 + 0.46 34 + 051 0.358
Creatinine 2.06 + 1.04 184 +0.78 1.66 + 0.52 217 £ 0.92 2.28 +1.29 0.249
eGFR 36.18 + 13.49 42.21 +156.01 39.06 + 9.68 32.76 +11.93 31.73 + 14.02 0.073
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Total (n=70) CACS 0 CACS 1-100 CACS 101-400 CACS>400

(N=12) (N=14) (N=13) (N=31) p-value
Cholesterol 169.09 + 33.65 175.5 + 39.61 168.5 + 27.26 139.15 + 24.29 166.84 + 33.82 0.031*
Triglyceride 137.11 + 7143 171.33 + 89.97 147.07 + 84.81 113.38 + 54.9 129.32 + 60.2 0.185
LDL 99.64 + 31.37 115 + 46.78 99 +14.28 79.85 + 16.16 102.29 + 32.11 0.037*
HDL 52.73 + 16.17 50.68 + 11.81 50.14 + 9.69 56.31 + 22.96 53.65 + 14.79 0.776
Vitamin D 30.95 + 10.98 33.38 + 12.86 33.23 + 948 3023 +7.14 29.27 +12.23 0.588
Parathyroid-
hormone 82.57 + 48.95 58.6 + 16.8b 82.64 + 46.94 84.08 + 48.06 91.23 + 66.72 0.278

manheuadulsiguuudinieuasanasnunnasgu (MeantSD.) uaz Fouas (%), P-value ldanmadmwnisiia ANOVA
Wae Chi-square
¢ea : BP, blood pressure; CAC, coronary artery calcification; eGFR, estimated glomerular filtration rate; HDL, high density

lipoprotein; LDL, low density lipoprotein.

B ¥ v o Aa | ) o AV A | o K X
NNTaya Nl EAleNauand et 3 Jad BilinunRemauanenati 333 UAse Calcium,
ae i ymIatifissndng 4 nqu 289 total CACS  phosphate, Vitamin D 1§y PTH

Aa 218, total cholesterol Wway LDL uaninioan

maeh 2 Ltameﬁ'au”a AAC uag total CACS Lﬁakﬂ%ﬂﬂtﬁﬂﬂ}jﬂ'&&l 4 ﬂEiNI@]EILLﬂGGnN total CACS Iﬂ&lﬂ'li@]i?ilﬂy?&l

4 @ 6 ¢ a €
LATAILNALILADNWILADT

CACS0  CACS 1-100 CACS 101-400 CACS >400

(N=12) (N=14) (N=13) (N=31) p-value
Abdominal aortic calcification
AAC4" 00,1 2(0,3 1(1,4) 32,4 <0.001*
AAC8” 0(0, 1.5) 5(0,5) 2(1,8) 5(3,8) <0.001*
AAC24" 0(0, 1.5) 25(0,7) 3(1,13) 9 (5, 15) <0.001*
Branches of coronary artery
LM 0(0,0) 0(0,1.3) 1.8 (0, 8.2) 24 (0, 81.9) <0.001*
LAD" 0(0,0 5.7 (0, 34.1) 124.2 (56.8, 144.5) 322.8 (191.8, 607.5) <0.001*
Lcx® 0(0,0 0 (0, 10.2) 0(0,74) 50.5 (0, 260.8) <0.001*
RCA” 0(0,0 3(0,12) 13.7 (0, 82.2) 419 (223.2, 726.5) <0.001*

mmmmuavﬁLmﬂugmmumgaﬁa (IQR; percentile 25, percentile 75), P-value Ieannsewmafia Kruskal Wallis
(1)AAC4, (Z)AACS, DAAC24 fin AD1laudin AAC SNALULLEN 4,8, 24 MNAIAU “left main coronary artery, ®left anterior coronary

artery, "left circumflex coronary artery, right coronary artery

22 b4 ¥ 4 U 1 L% 5w aa g 4
andoyatieduilaglungu AAC4, AACS,  vasazunn AAC athefiviuddnvmeadd Zadle total

AAC24 uthen total CACS il 4 ngwfia 0, 1-100,  CACS Wissnnau e AAC Aflusnlstiazileniadu

101-400, PN 400 1OAFGU WUNAANMANTTU  MmnceguRein wanaNHTIgUaNaNLIwITD
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omaamidonundlalua 4 @ #o LM, LAD, LCX
usz RCA Tuis 4 nANYaY total CACS finuany
uaneheiuathafsiusdmesdialuynuansduien
ALY

Savh AAC 1 3 RN ANNENALS T
total CACS ansnanuaaslefmaenmidt 3 uawgui 1-3

M99 3 LEAIMANANWUTTZHING AAC MU total CACS

Total CACS
r p-value
AAC4 0.399 0.001*
AACS 0.364 0.002*
AAC24 0.385 0.001*

mﬁmhLﬂuaﬁmmﬂugmmu SMENWUS (correlation), P-value

VL@”mnmiﬁwmmjﬁ@ Pearson correlation test

4,000
r=0.399, p=0.001
o o
3,000
o
0
2 o
o
T 2,000
ds (o]
[t

2npo

C4

-'-‘-—FDGHD(@OO

Ul 1 AENANWAD52:319 Total CACS fU AAC4

400071 . —p.364, p=0.002
o o
3,000
Q
g o
< o
2,000
B @ o
[
T
8

AACS

54 2 AsudaiussInINe Total CACS iy AACS
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400071 —g385, p=0.001
o o
3,000
o

Q
g o
< o
T 2,000
I3 © o
-

AAC24

51U 3 AANINNUD52IS Total CACS AU AAC24

WU AACA, AACS, AAC24 1%
AaNuFuAns T na Nl a9y total CACS
a i IEDa uasiah AAC i3 3 nax an

A A o A o v € v
WisuuriesiagAnaEius ssnsauansle

eNFUN 4-5

8.00 Q
r=0.953, p<0.001

2.007

0.00T T T T T
0.00 1.00 2.00 3.00 4.00

AAC4
Model: AAC4 = 0.395+ 0.495(AAC8)

54 4 sudaiusssnine AAC4 iU AACS

25
r=0.881, p<0.001

20

o

AAC4
Model: AAC4 = 0.807+ 0.207(AAC24)

51U 5 AavdaRusTNINe AACA U AAC24
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auiwinflan3suisuanudaiussening
AAC4, AACS uay AAC24 WueNNANRUBITuaN 1MUY
inssaehaiiibshdumeada lnesmnansamnaamsans
é’&lﬁuﬁi@ﬂmiﬁ’lmmﬁﬁﬂ linear regression analysis
WU AACH = 0.395+0495 (AACS) WlauAsuiiey
FEMIN AAC4 U AACS Way AAC4 = 0.807+0.207

Sensitivity
0.50 0.75 1.00
| | |

0.25
|
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(AAC24) WawSeuiieusyniy AACA iU AAC24
Wiaguaniehl total CACS annh 400 wrieieiia

Femeieeds ROC curve udmaldmagid 6 uae

N 4 siasndlasdiessiuuunwriiugs (multi-

variate analysis) WaASlAMNMTIN 5

0.00
|

T T
0.00 0.25

T
0.50

1-Specificity

T
0.75 1.00

—a&— AAC4 ROC area: 0.7829
—@—— AAC24 ROC area: 0.7986

——4&—- AAC8 ROC area: 0.7655

Reference

311 6 UWSA9 ROC area 229 AAC4, AACS, AAC24 LilD total CACS 3NN 400 Lariaeine

M7 4 USAARAGATIVANTHAYY AAC 1D total CACS §1NNAN 400 LarieGn

Spec PPV

NPV Accuracy AUC

Test Variables Cut off Sen
AAC4 >2 935 %
AACS8 >2 96.8 %
AAC24 >4 87.1 %

59.0 % 64.4 %
51.3 % 61.2 %
71.8 % 711 %

92.0 % 74.3 % 0.783
95.2 % 71.4 % 0.766
87.56 % 78.6 % 0.799

M99 5 nﬁ%mﬂzﬁtswwqéi‘auﬂwaaﬂaiﬂﬁﬁmm FuWus6ian 198 total CACS NINNTT 400 LRNEG

Adjusted OR (95 %CI) p-value Adjusted OR (95 %CI)  p-value
GFR 1(0.94, 1.07) 0.97 Vitamin D 1 (0.94, 1.06) 0.946
Ca 0.7 (0.19, 2.61) 0.59 PTH 1 (0.99, 1.02) 0.812
PO4 1.3 (0.37, 4.58) 0.682 AAC24 >4 15.94 (4.27, 59.52) 0.001*
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d' a 6 (3 [ d'd
MmN 5 Mmeenziuuuwsiulsrasladehiiang
Funusean1sil total CACS 8NN 400 LNHE

Adjusted OR (95 %CI) p-value
GFR 1(0.94, 1.07) 0.97
Ca 0.7 (0.19, 2.61) 0.59
PO4 1.3 (0.37, 4.58) 0.682
Vitamin D 1 (0.94, 1.06) 0.946
PTH 1(0.99, 1.02) 0.812
AAC24 > 4 15.94 (4.27, 59.52) 0.001*

A9 LﬂuaéhLLﬁJﬂu;;ﬂLLwé’mwdmaa@ (OR; Odd ratio Tany

95 %: confidence interval), P-value VL@”mﬂmiﬁwmmsﬁﬁ@

Logistic regression analysis (L)

A &
'e'lﬂl]ﬁ'lﬁl&lﬁﬂ'l‘i [1C 4l
A E - .

NMIENETNUNMIUSA AAC FMEMSeTIa
BnaistimudsrasnszgnaUnAsE i 0N ERALS
U total CACS MumMInTaviaaniaanilalalania
3 A & ¢ ¢ A L X o do
mmmmLaﬂmﬁmammmaﬂmqwmaimnamm

) EZ o W ;Q! [~ a a %
Lailasumathiomeaumsle Faduwllufemadeatums
Anwag Bellasi wazane” lwida Correlation of
simple imaging tests and coronary artery calcium
measured by computed tomography in hemodialysis
. [~ = U A’L EZ o W

patients I@mﬂuﬂﬁﬂﬂwﬂu@mw FsumMsthinnewm
laceAtnandoneinioslafion uaslsedn AAC
U [~3 1 Zj 1 = Z [ v
MEALUUAN 24 Whiih LLG]GL%mﬁ@Tﬂ‘]:ﬂuVHELu@U’]HVLG]
oo AoV Mo .o L.
Foseneslilasumahtemeunlalusses 35 T
14381suidin AAC T 3 sUuny @ AAC4, AACS uaz
AAC24 FINAMIANNHEININUANNENAUSIRI AAC
YOUUU AAC4, AACS Way AAC24 fiU total CACS
@) % v o € v A = a
DU NS ANNTNNUT WULLE UGS Liasilau/Saudiey
Usvansnmansmitiasalasld ROC curve i total
CACS snnn 400 &6 Fauanil high likelihood
of at least one significant coronary stenosis™ s
wuh AAC fdaduedasilafia devhliradafinanzas
289 AAC4, AACS way AAC24 19 Taemumwhiy 2,
2, 4 {9 total CACS NN 400 ONEGH MNEIGU
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Taewumnen AAC24 udlemNaNwuety total CACS
annfige udachslshd AAC ynFdduseAnBmnlums
5 total CACS usianhelunmutanaiinazmang
o Y VIRCIRE 3 : o A
Auwmnehialof I leSsdunnedfife AACS Feqadnd
WAL 2 §SU total CACS 8NN 400 ENEGH
A 6w - o
AnMylegidayadadunuguiasiade
aa 3 I [ 1=II o v fa A I ;’i
mMeadin asinndadendNiusdiies a1y whiu
Tnethseitiadmnians atherosclerotic risk 9a1aWe
ANAlaiiasdivd) atherosclerotic risk UnadLaAN
M3iAn vascular calcification & wei1RaLilTady
- A o 2 A 4
NNIRNE N WIRU LTINS INITE N HIND 3
peslsfauiTadanesn CKD H93vauii Nnngn
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Abstract
Background : Febrile neutropenia (FN) is a common complication in patients with hematologic malignancy.
Because of severity and high mortality, data about the epidemiology of causative pathogens in FN patients
is essential to guide the appropriate empirical antibiotic therapy and may improve outcomes.
Objectives : The primary objective was epidemiologic study in type, frequency, and prevalence ratio
(PR) of causative pathogens of bloodstream infection in FN patients in Bhumibol Adulyadej Hospital.
The secondary objective was antimicrobial susceptibility pattern of the pathogens.
Methods : A retrospective chart review of patients aged 18 years old or older with a diagnosis of FN who
were hospitalized at Bhumibol Adulyadej Hospital from 1 December 2011 to 31 December 2019. Data on
patient’s characteristics, time to obtain hemoculture, hemoculture results and antimicrobial susceptibility
were collected and analyzed using descriptive and analytical statistics.
Results : A totalof 755 episodes in 514 patients were identified but only 256 (33.9 %) episodes in 137 (26.7 %)
patients had positive hemoculture. The mean age was 50.50 years-old and 70 % were female. Hematologic
malignancy was the most common underlying disease (75.2 %). The average length of hospitalstay was
13.8 + 7.4 days (4-58 days). The main causative pathogens were gram-negative organisms (78.42 %) include
Escherichia coli (25.39 %), Klebsiella pneumoniae (19.92 %), Acinetobacter baumannii (10.10 %) and Pseudomo-
nas aeruginosa (9.76 %). Gram-positive organism and fungi were found in 14.48 % and 6.25 % respectively.
The drug resistant pathogens tended to increase from 2011 to 2019. Hemoculture in patients admitted over
7 days were found drug resistant to Acinetobacter baumannii and Enterobacteriaceae more than patients
admitted within 7 days with statistical significance and the PR were 7.16 (95% confidence interval (CI),
1.70-30.08; p=0.001) and 2.40 (95 %CI, 1.28-4.50; p=0.005) respectively. Susceptibility of the organisms from
the hemocultures that obtained within 7 days of admissionwere frequently susceptible to 3" - 4™ generation
cephalosporin, piperacillin/tazobactam and carbapenems, but the susceptibility results of hemoculture more
than 7 days showed frequently resistant.
Conclusions : Gram negative bacteria still was the common causative pathogens of bloodstream infection in
febrile neutropenic patients. The drug resistance organisms tended to increase from the past and multidrug
resistant organisms were frequently found in hemoculture that were obtained after 7 days of admission.
Keywords : blood stream infection, febrile neutropenia, drug resistant bacteria, prevalence ratio
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- Febrile neutropenia: Fever: A single oral
temperature measurement of >38.3 °C or >38.0 °C
sustained over a 1-h period and Neutropenia: ANC<
500 cells/mm® or < 1,000 cells/mm® predicted to fall
below 500 cells/mm® over the next 48 hours.?®
- Bloodstream infection (BSI): A laboratory-

confirmed positive blood culture which can be the
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consequence of an infection at other body sites
(secondary BSI) or not (primary BSI). In case of
potential common skin commensals such as
coagulase-negative staphylococci, Corynebac-
teriumspp. other than C. dyphteriae, Bacillus spp.
other than B. anthracis, Micrococcus, etc., at least
two consecutive positive blood cultures, drawn in
different occasions, are needed®

- Miltidrug resistant organisms (MDR):
Bacteria which are not susceptible to at least three
of the following antimicrobial categories: antipseudo-
monal penicillins, cephalosporins, aminoglycosides
and ﬂuoroquinolones.m)

- Cabapenemresistant organisms (CRO):
Bacteria which are not susceptible to imipenem,
meropenem, or doripenem, by standard susceptibi-
lity testing methods or by a positive result for any
method FDAapproved for carbapenemase detection
from specific specimen sources.™

- Empirical antibiotic treatment: Antibiotic
treatment given in case of suspected infection
before microbiology results are available; the
knowledge of the bacteria commonly involved and
local epidemiology drive the empirical choice of the
drug(s)™

- ICD10: the 10" revision of the Interna-
tional Statistical Classification of Diseases and
Related Health Problems (ICD), a medical classifica-
tion list by the World Health Organization (WHO).
It contains codes for diseases, signs and symptoms,
abnormal findings, complaints, social circumstances,
and external causes of injury or diseases.”

- Prevalence ratio (PR): The ratio of the

proportion of the persons with disease over the

proportion with the exposure. calculation method.®
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Patient characteristics n (%)

Female: Male 96: 41 (70.07: 29.92)

Age (years)

Mean (SD) 50.50 (21.00)
Range 18-88
Primary disease
Hematologic malignancy 103 (75.18)
Acute myeloid leukemia 49 (35.76)
Acute lymphoid leukemia 10 (7.29)
Non-hodgkin lymphoma 10 (7.29)
Diffuse large B cell lymphoma 22 (16.05)
Chronic myeloid leukemia 3(2.18)
Chronic lymphocytic leukemia 2 (1.45)
Myelodysplastic syndrome 3(2.18)
Aplastic anemia 1 (0.72)
Multiple myeloma 3(2.18)
Solid tumors 22 (16.05)
Breast cancer 4(2.91)
Lung cancer 2 (1.45)
Cholangiocarcinoma 3(2.18)
Chronic kidney disease 18 (13.13)
Dyslipidemia 16 (11.76)
Hypertension 9 (6.56)
Autoimmune diseases 6 (4.37)
Liver disease 4(2.91)
Diabetes mellitus 4 (291)
Hyperthyroid 3(2.18)
HIV infection 2 (1.45)
Length of hospital stay (days)
Mean (SD) 13.80 (7.44)
Range 4 -58

Note: * Other cause of agranulocytosis: immunosuppressive durg 3 patients. antithyroid drugs 3 patients

and unknown 3 patients
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0.39 WA streptococci A% ¢ T08AY 2.73

v 1
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Oganisms

No. (%) of Episodes

Total episodes of septicemia
Gram-negative organisms
Escherichia coli

Klebsiella pneumoniae
Acinetobacter baumannii
Pseudomonas aeruginosa
Enterobacter cloacae
Aeromonas spp.

Other Enterobacteriaceae

256 (100)
201 (78.42)
65 (25.39)
51 (19.92
26 (10.10
25 (9.76)
166.25)

8 (3.10)

6 (2.34)

)
)
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Oganisms

No. (%) of Episodes

Other Gram-negative organisms
Gram-positive organism
Coagulase- negative staphylococci
MSSA

MRSA

Enterococcus faecalis
Enterococcus faecium
Streptococcus pneumoniae
viridans group streptococci
Other streptococci

Fungi

Candida albicans

Non-albicans Candida
Cryptococcus neoformans

Mycobacterium aviumcomplex

Meia: MSSA, Methicillin-sensitive S. Aureus; MRSA, Methicillin - resistant S.aureus

NTayanND WAYMITNTLALYDILT O bk
W61, 2554 019 .61, 2562 WUTMTORUATISEMNTNAUEIA
. X . ~ “ vy A
Lﬂwﬁammemaﬂsﬂmmim@Lsﬁaélummmt.aa@slu;ﬂmwm
U1 % [~3 A a a) nl a
Inartusiadanminlmiash Taahs @ el 2554-2556
WUTEIAE 76.13, T .6, 2657-2659 WUTALIAY 73.52 LAY
.61, 2560-2562 WLSDEAY 84

o & " X% a o

mafiade lunssumAananiaanan i Wi
A % v "
WBRMANTERY 20.24 @ W, 2554-2556), 30.88 (1] W.e.
2557-2569) Wag 34.00 (U W.¢1. 2560-2562) Tneawsde
Acinetobacter baumannii 8¢ Klebsiella pneumoniae
vanndmusnigen lungy Candida ¥ Candida
albicans k8¢ Non-albicans Candida Lﬁwﬁu@!‘;mﬁuﬁu
AR U TIN 3

[l ] v
a9l 3 usnsdayarnadesanalseuiiaeg § MwgasIm

Organisms No. (%) of Episodes
2554-2556 2557-2559 2560-2562
N=88 N=68 N=100
Gram-negative organisms 67 (76.13) 50 (73.62) 84 (84.00)
Drug resistant organisms 18 (20.45) 21 (30.88) 34 (34.00)
cabapenem resistant Acinetobacter baumannii 4 (4.54) 7 (10.29) 10 (10.00)
cabapenem resistant Pseudomonas aeruginosa  1(1.13) 4 (5.88) 2 (2.00)
cabapenem resistant Escherichia coli 2 (2.27) 3(4.41) 2 (2.00)
cabapenem resistant Klebsiella pneumoniae 3(3.40) 4 (5.88) 8 (8.00)
cabapenem resistant Enterobacter cloacae 0 (0.00) 0 (0.00) 2 (2.00)
MDR Escherichia coli 3(3.40) 3(4.41) 4 (4.00)
MDR Klebsiella pneumoniae 5 (5.68) 1 (1.47) 6 (6.00)
Gram-positive organisms 14 (15.90) 16 (23.62) 8 (6.00)
MRSA 3 (3.40) 0 (0.00) 2 (2.00)
Fungi 6 (6.81) 2 (2.94) 8 (8.00)
Mycobacterium aviumcomplex 1(1.13)

el MRSA, Methicillin-resistant S.aureus; MDR, Multi - drug resistant
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B Gram - positive organisms

Drug resistant Gram - negative or ganisms
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Enterobacteriaceae 39¢a% 60 I@&Jlfl% Escherichia coli
Jouae 27.3, Klebsiella pneumoniae Jouae 12.7, Entero-
bacter cloacae 988¢ 8.2 WaY Enterobacteriaceae
foen (MDR and cabapenem - resistant Enterobacte-
riaceae) $08aY 10 WONANWNU Pseudomonas aeru-
ginosa S8EAY 9.1 WAY streptococci IPLAL 9.1

NAIATD WA TISUMETaS 7 T 2893

v o (% Z | A [~ %

sumssnEn lulswentna @analsad \Duamanan
VLGﬁLﬁ Enterobacteriaceae LAY 49.31 I@HLﬂ% Entero-

bacteriaceae Magn (MDR and cabapenem - resistant

Enterobacteriaceae) Teay 24, Acinetobacter baumannii
LAY 15.75, Pseudomonas aeruginosa ToLaY 10.20,
Non-albicans Candida 5888¢ 6.8 (C. tropicalis,
C. parapsilosis, C. krusei, C. famata) §NNaAL
g A dl @ (% [ U
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PR = 7.16 (95 % confidence interval (CI), 1.70-30.08;
P-value = 0.001, MDR Enterobacteriaceae Wa¥
cabapenem-resistance Enterobacteriaceae; PR = 2.40
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Organisms Time to obtainblood culture from Total No. (%) PR (95 %CI) p-value
the day of admission

< 7 days, No. (%) >7days, No. (%)

N=110 N=146 N256

Gram-negative organisms
Enterobacteriaceae 66 (60.0) 72 (49.31) 138 (63.9)  0.82 (0.66, 1.03) 0.101
Escherichia coli 30 (27.3) 18 (12.3) 48 (18.8) 045 (0.27, 0.77)  0.003
Klebsiella pneumoniae 14 (12.7) 10 (6.8) 24 (9.4) 0.54 (0.25, 1.17) 0.131
Enterobacter cloacae 9(8.2) 5 (3.4) 14 (5.5) 0.42 (0.14, 1.21) 0.163
Other Enterobacteriaceae 2(1.8) 4(2.7) 6(2.3) 151 (0.28, 8.08) 0.703
MDR and Cabapenem-resistance -
Enterobacteriaceae* 11 (10) 35 (24) 46 (18) 2.40 (1.28, 4.50) 0.005
Acinetobacter baumannii 1(0.9) 4(2.7) 5(2) 3.01 (0.34, 26.59) 0.395
MDR and Cabapenem-resistanceAcinetobacter

baumannii 2(1.8) 19 (13) 21 (8.2) 7.16 (1.70, 30.08)  0.001
Pseudomonas aeruginosa 10 (9.1) 9 (6.2) 19 (7.4) 0.68 (0.29, 1.61)  0.472
MDR and Cabapenem-resistancePseudomonas

aeruginosa 0(0) 6(4.1) 6 (2.3) N/A 0.039
Other gram-negative organisms 0 (0) 4(2.7) 4 (1.6) N/A 0.137
Gram-positive organism
Coagulase-Negative staphylococci 6 (5.5) 2(1.4) 8(3.1) 0.25 (0.05, 1.22) 0.078
MSSA 4 (3.6) 2(1.4) 6 (2.3) 0.38 (0.07, 2.02)  0.407
MRSA 0(0) 5 (3.4) 5(2) N/A 0.072
Enterococci 3(2.7) 2(1.4) 5(2) 0.50 (0.09, 2.95) 0.654
Streptococci 10 (9.1) 4(2.7) 14 (5.5) 0.30 (0.1, 0.94) 0.048
Fungi
Candida albicans 0 (0) 3(2.1) 3(1.2) N/A 0.262
Non-albicans Candida spp. 2(1.8) 10 (6.8) 12 (4.7) 3.77 (0.84, 16.85) 0.076
Cryptococcus neoforman 0 (0) 1(0.7) 1(0.4) N/A 1
Mycobacterium aviumcomplex 1(0.9) 0 (0) 1(0.4) N/A 0.430

#ela: MDR: Multidrug resistant, MSSA: Methicillin-sensitive S.aureus, MRSA: Methicillin-resistant S.aureus
Note: MDR and Cabapenem-resistance Enterobacteriaceae* include MDR and Cabapenem-resistance Escherichia coli,

Klebsiella pneumoniae, Enterobacter cloacae, Other Enterobacteriaceae

a ) Vl v a1 A I X ‘1 A Ag ‘1 9 Y o Y
139N b Lkﬂﬂ\‘ma}lﬂaﬂ?'lﬂ ?maﬂﬂTﬁW%ﬂqa‘ﬂWﬂﬂL‘ﬂﬂﬂﬂ 30 (WALWIZIDE [WARANIINLMNE LW 7 14 2BINITNTUMITNM

Tulssmening)

Organisms Percentage of susceptible organisms

AMC CIP CRO CAZ CEF TZP AMK MEM IPM VAN

Escherichia coli 50.00 61.76 62.85 73.52 84.21 82.85 94.73
Klebsiella pneumoniae 80.95 72.22 71.42 71.42 70.00 80.95 75.00
Pseudomonas aeruginosa 100 100 100 100 100 100
Enterobacter cloacae 100 62.50 66.66 88.88 100 100 100
streptococci 100 100 100 100 100

fea; AMC, amoxycillin/ clavulanic acid; CIP, ciprofloxacin; CRO, ceftriaxone; CAZ, ceftazidime; CEF, cefepime; TZP, piperacillin/

tazobactam; AMK, amikacin; MEM, meropenem; IMP, Imipenem; VAN, Vancomycin
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NI 5 WU e Escherichia coli
Tdion ciprofloxacin U 50, ceftriaxone IDUAY
61.76, ceftazidime JDUaY 62.85, cefeprime I0URY
73.52, piperacillin/tazobactam Jouay 84.21, amikacin
JDUAY 82.85 WAL meropenem JPLAY 94.73

L%a Klebsiella pneumoniae ‘I’JG“IIBEJ’]
ciprofloxacin Souay 80.95, ceftriaxone JoURY 72.22,
ceftazidime pUaY 71.42, cefepime 0UAY 71.42,
piperacillin/tazobactam Toeay 70.00, amikacin TouaY
80.95 WY meropenem J9YaY 75.00

L%a Pseudomonas aeruginosa vl’;siam

ciprofloxacin TouaY 100, ceftazidime JouaY 100,
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cefepime JouaY 100, piperacillin/tazobactam Jouay
100 &% amikacin 3988 100

L%a Enterobacter cloacae \I’J(?i 281 cipro-
floxacin 398AY 100, ceftriaxone J888Y 62.50,
ceftazidime 30¢/a¢ 66.66, cefepime J88IAY 88.88,
piperacillin/tazobactam TDuaY 100, amikacin JPaY
100 WAY meropenem 398A 100

L‘%a streptococci vlwiam amoxycillin/
clavulanic acid 3auay 100, ceftriaxone TUAY 100,
piperacillin/tazobactam SouaY 100, imipenem JouaY
100 WAY vancomycin 30EAY 100

o o 1 v - I 4 Sl a da v v o o
M99 6 Lla@\i‘llau‘laﬂ'n&l 'J‘I]E]\’ﬂ'lﬁ']“iﬂ%"ﬂﬂﬂk%aﬂa r]3l (NaLW‘m%a WLRAANLNUNYUAY 7 IUDINIFEYUITUNIFINN

T%I‘NWEI’\‘!J']E!)
Organisms Percentage of susceptible organisms
CIP CRO CAZ CEF TZP AMK MEM  SXT
Escherichia coli SK38 1379 31038 7272 7222 7586  78.57
Klebsiella pneumoniae S37/2 26.92 32.25 367} 26.31 7419 7222
Acinetobacter baumannii 17:895° R131631 = 17/ B0NS/2:228 8000 36.36 1818 34.78
Pseudomonas aeruginosa 36.36 7.79 60.00  66.66 1442  69.23 50.00

NOTECIP: ciprofloxacin, CRO: ceftriaxone, CAZ: ceftazidime, CEF: cefepime, TZP: piperacillin/tazobactam,

AMK: amikacin, MEM: meropenem, SXT: Trimethoprim/Sulfamethoxazole

NI 6 WU 8 Escherichia ooli hisiaen
ciprofloxacin J08aY 3.33, ceftriaxone J0EAY 13.79,
ceftazidime 8AY 31.03, cefepime 3988Y 72.22,
piperacillin/tazobactam JoUaY 72.22, amikacin
JDUAY 75.86 WAL meropenem JDLAY 78.57

L‘%E) Klebsiella pneumoniae hsia &N ciprofloxacin
J0uaY 51.72, ceftriaxone J0UAY 26.92, ceftazidime
JDuAY 32.25, cefepime 32waY 36.71, piperacillin/
tazobactam J988% 26.31, amikacin J9U8Y 74.19 LAY
meropenem JRUAY 72.22

L%a Acinetobacter baumannii VL’JG]'E]F;H
ciprofloxacin Savay 17.39, ceftriaxone Savay 18158
ceftazidime 3088 17.39, cefepime Sauay 72.72,

piperacillin/tazobactam Joeay 00.00, amikacin Joeay

36.36, meropenem JDUAY 18.18 WAL trimethoprim/
sulfamethoxazole 5988¢ 34.78

L‘%a Pseudomonas aeruginosa 10@1@381
ciprofloxacin Jouay 36.36, ceftriaxone Jouay 7.79,
ceftazidime 3888 60, cefepime 3IDHAY 66.66,
piperacillin/tazobactam Jouay 14.42, amikacin JoERy
69.23 WAY meropenem 30UAY 50

Taommaediuldd wamudalwdaniify
el 7 Fuvsmagsumssnen ulsmening Borialse
daulngjdshdoendiuqatnaiia 34" generation
cephalosporin, piperacillin/tazobactam Wa¢
carbapenems d’mmamm‘%ﬂmﬁamﬁﬁumwa‘fa 70
gaammduMTIhn ulsmening L%amuslmnjéasiam
gugatweiia 34" generation cephalosporin,
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piperacillin/tazobactam I@HL%@ Escherichia coli L&g
Klebsiella pneumoniae g q@iam”nﬂ%iam meropenem
Glusﬂmsﬁﬁja Acinetobacter baumannii fFaeN

meropenem
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Tolvaptan Plus Low-Dose Furosemide Compared with Titraing Furosemide in
Acute Decompensated Heart Failure Patients Who Does Not Response to Initial
Furosemide Dose

Phattraphorn Pratyarattananon, M.D., Pongsathorn Gojaseni, M.D., Anutra Chittinandana, M.D.
Division of Nephrology, Department of Medicine,
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(Correspondence to : p.gojaseni@gmail.com)
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Abstract
Background : Acute decompensated heart failure (ADHF) is common and associated with poor prognosis.
Furosemide is a natriuretic that frequently used as initial diuretic therapy in these patients. However, it is
associated with neuro-hormonal activation, worsening renal insufficiency, and electrolyte abnormalities.
Tolvaptan, a specific V2 receptor antagonist, effectively increase free water excretion without significant
neuro-hormonal activation. To date, few data have demonstrated the benefit of combination therapy
comprising tolvaptan and low-dose furosemide compared with conventional furosemide therapy in ADHF
patients.
Methods : An open-labelled, randomized controlled trial enrolled patients with ADHF who does not response
to initial 40 mg intravenous furosemide (urine output < 1 L/day or < 250 mL/6 hrs) at Bhumibol Adulyadej
Hospital. Patients were randomized to receive tolvaptan starting at 7.5 mg/day plus fixed dose IV
furosemide (40 mg/day) or titrating dose IV furosemide (start with 80 mg/day) for 96 hours. During study
period, doses of diuretic from both groups could be increased (as standard protocol) to achieve diuretic
efficiency target. The primary outcome was mean changes in body weight at 72 hrs. Secondary outcomes
included daily urine output, daily changes in serum creatinine, sodium, potassium and worsening renal
function.
Results : Fifty-two patients (68.1+14.3 years, 58 % men, ejection fraction 37.9+18.0 %) were randomized to
tolvaptan + low-dose furosemide or titrating furosemide. At 72 h, weight loss (3.242.25 vs. 2.31+2.2 kg,
p=0.165) was numerical greater in the tolvaptan + low-dose furosemide group, but the difference was not
statistically significant. However, tolvaptan + low-dose furosemide group have demonstrated a significant
greater urine output during the first 24 hrs (p=0.022). For serum sodium, tolvaptan + low-dose furosemide
had a significant increase in serum sodium throughout the study period (+3.8+5.2 vs. +1.2+44.0 mmol/L,
p = 0.047). In terms of safety outcomes, tolvaptan + low-dose furosemide has demonstrated a trend towards
less worsening renal function (23 % vs 34.62 %, p=0.359).
Conclusion : In ADHF patients, tolvaptan + low-dose furosemide and titrating furosemide had shown a
similar efficacy during the first 72 hrs. Tolvaptan + low-dose furosemide has shown a trend towards less
renal function decline during study period.
Keywords : Acute decompensated heart failure, diuretic strategies, tolvaptan, acute kidney injury
Trial registration number: clinicaltrials.in.th ...TCTR 20190805001
Royal Thai Air Force Medical Gazette, Vol. 67 No. 2 May - August 2021
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fAnuuuidnguauqaS s ef gasinged
1Y) | A v &K 2 a
danam mennieistdsauladinwsevinmaasms
198 tolvaptan TanUNS I furosemide WMaWIAGh

= a [y v 3 aa ) &2

WisLfeuiuMs e furosemide MMsUsuENauda
gwings lungagiay ADHF #i ldaousuasdoen
duaamelutaausn

i'ﬂqﬂizaaﬁmﬁﬁ'a

Tagulszaseuan

- Lﬁ'aﬁﬂmﬂsxﬁwﬁmw (efficacy) P93l
tolvaptan 998N furosemide R Bty
il furosemide M Seauings ugiheri
e ladimmideumdubirauarassaendtnrame
Tugasusn

Tanvazaenaag

- Lﬁaﬁﬂmmmﬂaamﬁu (safety) 2aIM3 N
tolvaptan 39NNU furosemide PRI AEUTELRY
MM furosemide ﬁﬁmsﬂ%’umwﬁwmmga

o ada o
FELUHUITIY
stuuums3Tuduuuy open-labelled
. oA v oA v o
randomized controlled trial ﬂﬂ‘iﬁﬂu@hwu’ﬂmﬂﬁﬁﬂm
fviasgifiveanidu vaiheaysnasn visavasthe
Annalaevirlauszvaanion lsmennagiinaanaeies
NSNUWMEVTIMET GUGIUN 1 Ranas w.el. 2662
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Aol 31 NnmIeN W6 2563 wayle mumTRaITInaIN
AUENTTNNTASUTITH I’i@wmmaqﬁwaaqamm
NTHUANEIAMET

6 v A | ¥ av

MR aLiansihe "assmsisy (Inclu-
sion criteria)

2 :; a 1 = Vo Aan %

- rithendagannnd 18 1 wazlasumyifiasy
N8N acute decompensated heart failure eNaen
FNAANIN congestive heart failure 989 Framingham
criteria

EZ (% L% a
~lesumssninen il ENLNAYINARR LAY

- ;ﬂd”ﬂaavlm”%’u furosemide WA 40 NN. AN

A ) Y A a v 1
MInaanaanem (IV) waddsuadaanizaaniaani
1 861910 24 F2l9 WB0LDENT 250 M8, 1 6 TN

aneﬁmiﬁ'ﬂLé‘anw:ﬂ'aalaaﬂamiﬂsamﬁ5’3
(Exclusion criteria)

- @”ﬂwﬁvl,m”%“uwﬁuﬂaang furosemide
PNANINNINTAWNAY 40 NN, FaTueriadanie
Sthemumeli 1 BeunoumaiT Wiy

- Wihefiflsydy serum sodium 3NN 142
fadlua/aes

vy A , a

- pthefiflamIanmag sodium Twdaneh
(symptomatic hyponatremia)

v Aa % . v |

- {ieMilsEey serum potassium UaENN
3.0 Aadlua/Ang

- {ihefinng AKI stage 1 g I 63
definition 983 Kidney Disease Improving Global
Outcomes (KDIGO) 2012

P Aa . ~
- yihe¥idl baseline eGFR < 30 1&./m%1/
1.73615.4. I@agjmmi@hmmm CKD EPI
Uy A’L EZ o W g v v
- pihem psumathiiemaunslariomeninios
A U tﬂl a
wazmanandananeieaadiefiun (on renal replace-
ment therapy)
vy A e oA ,

- @ﬁaammnzmmmﬂamm systolic BP

woENN 90 Aadassan
Px Aa .ooAa |

- pihefdaae sepsis & sofa score $1ANN

yiawhiy 2

- WihefifiUseifunen Tolvaptan
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3o iiun1sIdunas study protocol
1) FIVIRARNUMAEILMULNUWIRY Wiutoya
&j’ﬂmm:ﬂ inclusion Wag exclusion criteria
A v %% dl [ o Aw
2) ;ﬂnwslmasjal,ﬁmﬂmﬁwnw AN
a PR A vAa o v A A
wyamm;ﬂmqamawmmﬂumimaﬂaLmu@ﬁ’m
Tumadrislasims
3) WhinguuarenafiaNTIaiadesn randomized
soniflugasngn wumisioniis
G v . Lo ¥
4) WUYD4A baseline characteristics VL(ﬂLLﬂ
el 21 shningiy lsetseaneh Usedfnslden dsedd
malasuansfiussd §WNODIN1E ADHF, F0yaims
ARNN, laboratory findings, @ N-terminal pro B-type
natriuretic peptide (NT-proBNP), W& echo-cardiogram
LLazfu”aaﬂa coronary revascularization
5) Interventions (¢ study protocol sl,%gﬁ
1)
! M e ! [ .
- ﬂaummin tolvaptan 993N furosemide
AWIAG (tolvaptan + low dose furosemide)
SNUNAEN tolvaptan 7.5 {N./ TINAL TV
furosemide WA 40 NN/ I@ammm@m furosemide
ARANIAMNLFANINTNLIUWNAEN tolvaptan A 15
% dl EA a a v 1 a 1 %
AN/ WepthedilRunalasnisaanipend 1 faseaii
1 M 20 . Aa 2 2
- nquﬁvlmsu furosemide NAMSUTVLNAIUAS
AWIAF (titrating furosemide)
BavhmMIUsUIw@en IV furosemide i 80
AN/ viasNUkgMInaUEUadsaEN furosemide Tae
Nsananbhvindhianasiaen 0.2 nn/ 40 an. IV
furosemide ¥38 U5anaudsizaaniipanh 1 Aassiaii
1 Uy 1 v 1A
memgmamauauawamwﬂaamvlmﬂmmwa (poor
response) 9hmMIUSURNEN furosemide 1w 160 10/
4 vi3e 250 an/d nuaney usmpthenauauad
FReNTLTTEEN I (good response) ALANUA furosemide
whidn ifmaUsusn aisdn
[ [~3 U ldl 7: %
6) Ynmsinutaga newdeuuasanhnn
fihelagld USsnanTasmizsdotu mewdewlases
5261 serum creatinine, serum sodium LQY serum
potassium NHENMIINTANAULIA (RRT) wasdem
madedin laevhmsfinmanisAemuasdanamnn i
[~ 1 v Ql % :i W L2
Fusvenaaensioy 96 Falag NN LTI

Maenm (enrolment)
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Good response | | Continuous with current dose
with "

urine Tolvaptan (start 7.5 mg) ;
A + furosemide 40 mg/day |-

....... ’ ---;_ : Tolvaptan 15 mg + furosemide
[ 40 mg/da
Lin 24 g/day

{ Good response | ——
In 6 hrs P

4| Furosemide dose titration

after40

mg IV Increase dose 80 mg 1 t‘ Poorresponse® |

furosemide

Continuous with
—> current dose

Increase dose

[ s, | ——= until 250 mg/day

e ! Pcorresponse

-+ dose 160

— 3 Continuous with

I Gocd response
current dose

511 1 Study protocol yasmsinengudasazlunmsdng (fauyasann rationale and study design of

intravenous loop diuretic administration in acute heart failure: DIUR-AHF ESC heart failure 2017)

v 6 aw
WNAANIYDINUIRY (Study outcomes)

1) NARNSAN (Primary outcomes)

4 RO

- mahuniasanhmingthe 1 72 Flag
(body weight changes at 72 hours)

2) NARNT IR (Secondary outcomes)

A Yoo v, P e

- ﬂmﬂaauuﬂawaqmmm@masl,w,mamu
(daily changes in body weight)

- BanoTaemzansiholuudaz i (daily
urine volume)

- M3AeuasYa95eAy serum creatinine,
sodium L8 potassium ELuLLGiaZ’SJ% (daily changes in
serum creatinine, sodium and potassium)

- MINANTY worsening renal function (izm”‘u
serum creatinine WANINNNINTDLAL 50 VSOUANYY

3NN 0.3 1N./A8. 11h 96 FL9)

MataeaTAEITs

1) aelemudoundu (Acute kidney
injury, AKI) lgnmitasemainnsioas Kidney Disease
Improving Global Outcomes (KDIGO) 2012"° @adl
creatinine sl 0.3 a0 /@, meluseeznm 48 $ls
VoAt 1.5 whanidamelussesoa 7

2) MwhlaaNvaIRLLUNGY (acute dec-

ompensated heart failure, ADHF) wmmﬁqmazﬁ’ﬂa

v 1:; a a % 1 1 [ A LY
ANV NDININAY %1'1/134981\‘1?’]@ Lﬁ’]%i@ﬂﬂ?ﬁ%’]&lﬂ

% Ao Ao | a
ANNINNDIMIONIN LL@ﬂaULLEIﬁﬂ%L’]ﬁWVLNHW%I@ HNNMIE

congestive heart failure 3 Framingham Criteria"®

aad a 6 v

ﬂﬂﬂmﬂ%ﬂ‘ﬁ? Lﬂﬁ‘lzwﬂ‘é}&lﬂa

TayaarlaTumsanagauanugndasaz
v K U L2 Aa 6 aa
meslugﬂl,mmmmﬂma;{gmmmmnmez‘mmqﬂm
7 HI‘LJ?LLT]?N Statistics Package for the Social
Sciences (SPSS) version 22 3%

1) sRAawsoaw Laun S Sovay Ainde
A A o o
A BUUNATPIUN DUERS wamaajamvl,ﬂmawﬂm
(baseline characteristics) WazaUaTDYANINARNTY
y DYy 4 Y gy e
vissmanan len nsw/Anu nsvasimingthe P,
aamesinin maUfewiamasszal serum creatinine,
sodium LQY potassium Glmwiazfi’u

2) andTasnn

a 6 ¥ A A ;’i {

AenedayalFuueUNIRBINgAMNANN
manzaxeasdaya laeldafi@ Student's T test
(continuous variables ) Wa¢ Chi-square test (categori-

cal variables) F7seEIMIsRRMA 17 p<0.05

a v
WaN13998
a Y ¥ o K o 3
3~IE;JI‘]_J']HLﬂﬁ'ﬂNﬂ’]iﬂﬂE’ﬁﬂ%’]%‘Hﬂ%N@ 52 Al
= :; = = v v
NEEJIARNE 68.1+14.3 T ulwwenNeIagay 58 ANAMI
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Yaureniala (ejection fraction) mﬁia%’ DAL 37.9+18.0
LLﬁdLﬂ%ﬂa‘:NﬁK’L@y’%ﬂ tolvaptan + low-dose furosemide
WY titrating furosemide TINUDENIAY 26 AU Sﬁ'aagua
ﬁy%jmﬁﬂm&gﬂw (baseline clinical characteristics)
0 2 na liflenauanehervathsliesdnmasia
%aﬂmﬂﬂﬁj}l titrating furosemide %ﬁmm@@mﬁa
fannnh Fauamslumaent 1
fhedwlnfenmiuansandaeses par-
oxysmal nocturnal dyspnea, ankle edema L&Y
fTmemelanle crepitation mmeﬂmm’mﬁﬂa
A NNAURLLNG uﬁwumﬂﬁqﬂ%ﬂﬁjm tolvaptan + low-
dose furosemide aaiiﬂﬂa”mlﬁaﬁ’ﬂﬁlﬁ@ﬂﬂa (cardiomy-

a = ¥ dl ! . .
opathy) AT Ay 34.6 hmmxmqm titrating

a o 1 A v
19N 1 ?laﬂuamﬁquﬁla\iﬂ‘izﬁ']ﬂ‘iﬂL?.l']‘i?uﬂ']‘iﬁﬂl‘ﬂ
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furosemide W‘]_l’iﬂi@éz%ﬁﬂf\]ﬁ@ﬂﬂ@ (valvular heart
diseases) ‘W‘umﬂﬁqm ovay 34.6 1w ua bluanehs
NIRRTl

anawTaemendy 24 Faluavaslesy v
furosernide 40 &n. ﬁaulfﬂﬁahmﬁﬁmﬂumjm tolvaptan
+ low-dose furosemide LY titrating furosemide h)
743 1@, UWaY 788 Na. GNAGL Glusﬂmzﬁm”mjamaﬂﬁﬁﬂ
ﬁl,l,ammm?mmmaqusfzﬁ’ﬂaa”mmmLLafz@hmivi’Nm
gadle Ifinenndemeei NT-proBNP, ejection fraction,
regional wall motion abnormalities (RWMA), eGFR
WAt serum sodium s wudw?%amnaiﬂsiﬁmmLmﬂ@ha
fuahafintusheaymeshia

Variables Tolvaptan with low Titration furosemide P value
dose furosemide (N=26) (N=26)
Age (years) 70+14.99 66.12+13.53 0.331
Gender : % Male 42.31 % 69.23 % 0.051
% Female 57.69 % 30.77 %
Body weight 62.45+17.91 63.25+14.74 0.860
Height 157.69+7.11 163.00+9.06 0.023
Comorbidity (%)
T2DM 13 (50) 11 (42) 0.578
Hypertension 18 (69) 18 (69) 1.000
Dyslipidemia 12 (46) 14 (54) 0.579
CAD 5 (19) 8 (30) 0.522
Stroke 1(3.8) 0 1.000
AF 11 (42) 6 (23) 0.139
CHF 5(19) 7 (27) 0.742
CKD 2(7.7) 4 (15.4) 0.664
Gout 1(3.8) 3 (11.5) 0.603
Hypothyroid 2 (7.7) 2 (7.7) 1.000
Medication (%)
ACEI or ARB 10 (38) 5 (19) 0.221
Aldactone 3(11.5) 5(19.2) 0.701
Beta blocker 11 (42.3) 12 (46.2) 0.780
Digoxin 3(12) 3(12) 1.000
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dl 1
1999 1 (619)

Variables Tolvaptan with low Titration furosemide P value
dose furosemide (N=26) (N=26)
Clinical presentation (%)
PND 25 (96) 24 (92) 1.000
Crepitation 24 (92) 25 (96) 0.552
Ankle edema 10 (38) 12 (46) 0.5675
Cause CHF (%)
VHD 4 (15.4) 9 (34.6) 0.911
Cardiomyopathy 9 (34.6) 8 (30.8) 1.000
ACS 4 (15.4) 5(19.2) 0.773
Hypertension 3(11.5) 1 3.9 0.701
Arrhythmia 5 (19.2) 2 (7.7) 0.551
Other 1(3.9 1(3.9 1.000
CAG 3(12) 4 (15) 1.000
EF (% +SD) 37.66+16.9 38.24+20.17 0.893
RWMA 15 (58) 15 (58) 0.867
Previous contrast 1(3.8) 1(3.8) 1.000
Ventilator 2(7.7) 1(3.8) 1.000
Inotrope 4 (15) 9 (35) 0.200
Laboratory
BUN 17.27+6.98 23+14.25 0.710
Serum Creatinine 1.08+0.36 1.24+0.39 0.133
eGFR 64.86+22.88 59.65+18.19 0.368
Serum sodium 135.08+5.45 136.62+3.68 0.239
Serum potassium 4.074+0.58 3.87+0.44 0.162
NT-proBNP 9,163.83+7,861.69 12,332.04+10,907.07 0.262
24hrs Urine 743.08+133.20 788.65+123.28 0.206

Meia ACS, acute coronary syndrome; ACEI, angiotensin converting enzyme inhibitor; AF, atrial fibrillation;
ARB, angiotensin receptor blocker; BUN, blood urea nitrogen; CAG, coronary angiography; CAD, coronary
artery disease; CHF, congestive heart failure; CKD, chronic kidney disease; EF, ejection fraction; eGFR,
estimated glomerular filtration rate; NT-proBNP, N-terminal-pro hormone B-type natriuretic peptide; PND,

paroxysmal nocturnal dyspnea; RWMA, regional wall motion abnormalities; VHD, valvular heart disease.
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dmsuduadsasmnamdulaane Athe
"L@y%J ‘J_Iu?fu Wi_l’hﬂaq'il tolvaptan + low-dose furosemide
femasrnsnam tolvaptan L1 8.7, 8.7, 10 W% 12.5
AN At 24,48, 72 8T 96 Flus eaianery s et
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IV furosemide 40 §n./44 aaaamstinm Tuanisings
titrating furosemide VLG%‘U“UW@“UQJHW furosemide el
80, 1015, 111.6 WAY 135 &N./34 11 24, 48, 72 UAL 96

Falg M Fouanslugli 2

200
135
180
160 111.6
140 LS Furosemide dosage in
50 titrating furosemide group
120
100 == Furosemide dosage in
tolvaptan+low dose
30 furosemide group
60 —4#—Tolvaptan dosage in
. R = — 40 tolvaptan+low dose
40 B0 furosemide group
20
Lol =87 —l—10 - 125
0
24 hrs 48 hrs 72 hrs 96 hrs

51l 2 usasARALYRIIWIAE furosemide (Fua9) WAz tolvaptan (§ih) Tunaju tolvaptan + low dose

furosemide WATALRRLVDIAUNALT furosemide (Fie) Tunaju titrating furosemide

1 v
a ) C%
nslasutdaszasihuwinuasdsanadaang
Tuudrasnadnindnzasmsfnmaemsanas
gashmindl 72 $alss wunlunga tolvaptan + low-
dose furosemide ShvrNanaIRaY 3.2+2.25 Alaniu
Twanisfinga titrating furosemide WUvhvinaAAAAE
Aot a4 oo M oa
i 72 HlualenhAe 2.3142.2 Alansu ualilans
uaNGNAURE IR A MIst@ (p= 0.156) AILEA
Tugi 3
A a o ¥4 A .
WawSsuisuhvrinianaaads luisay T
dafsuiunonEamsenmaasissongs wuthlaid
ANNUANGITURE NIRRT IED@T 24, 48, 72 Uay
96 $al9 FouamslugUd 4
WA bwFasSsnautramzaasihe wohlungy

tolvaptan + low-dose furosemide QRnalagen

24 ‘filﬂmmﬂﬂ’]'ﬂ%ﬂﬁjm titrating furosemide 99
WAAYYIED (1.84+0.74 vs 1.33+0.8 &613, p=0.022)
Sorm aehlafenamdsaniing titrating furosemide 16t
e sauR RN 24 $1lae nudBam
TeeTETeds 2 nanlaiflensuandhariuaehofiizseiny
MGG ﬁdLLﬂ@ﬂu;iﬂﬁ 5

MosURawLUaI209520Y serum sodium LAY

potassium

MsuAEnLlaseesel serum sodium W
Gl,%ﬂa;N tolvaptan + low-dose furosemide ﬁmﬁlﬁw%u
9999¥0U serum sodium NWﬂﬂﬂ{LuﬂﬁjN titrating furo-
semide GAAAMIANINIAENLANNLANGIDENIHY

5w

aad o 9 A
FAUNNADNGY 48, 72 LIRS 96 ‘E'JISN @ﬂLLﬁ@ﬂ%E‘UVI 6



Vol. 67 No. 2 May - August 2021 Royal Thai Air Force Medical Gazette

37

Total body weight loss at 72hr (Kg)

=T P value 0.156
M=3.2,42.25
M=2.31,+2.20
Tolvaptan+ low dose furosemide Titrating furosemide
a 1 % o a A;I
Eﬂ"(l 3 EAIAINISAARIVDIWIUWNN 72 ALY
Daily body weight loss P=0.169
yhody welg (Ke) P=0.156 3.39+1.79

3.2£2.25

P=0.191 2.3142.20
2.17+1.54

1.52+1.95
P=0.225
1.06+1.25

24hr 48hr 72hr 96hr

H Tolvaptan+ low dose furosemide I Titrating dose furosemide

1l 14 1 g
gﬂﬁ 4 u,am@hmiamawammun‘lmwiammﬁaLﬁaunmam%umsﬁnm
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_ P=0.108
2, 82;8-%2 1.89+0.51

Daily urine output (litre)

.61+0.74 P=0.462
1.71+0.84 P=0.301
15 1.59+0.69

1
0.5
0
24hr 48hr 72hr 96hr
B Tolvaptan+ low dose furosemide [ Titrating dose furosemide
gﬂﬁ 5 usnsenySnastasnas luudasiu
4.5 P=0.008 -
P=0.015 P=0.047
4 3.88+4.57 3.845.17
3.5
3
25 P=0.143
2 1.88+2.89
1.5 1.19+4.03
1 .92+3.33 .88+3.13
0.5
0
24hr 48hr 72hr 96hr
M Tolvaptan+ low dose furosemide 7 Titrating dose furosemide

U 6 usasAIMaifeuiiaiasszay serum sodium




Vol. 67 No. 2 May - August 2021

AU ALa8ITER serum potassium
WUl 24 $alsusn ﬁgqﬂaaﬂejmﬁmiamawaq serum
potassium Envay waglluansriuadefizh
M9ED6 (p=0.958) wé’qmﬂﬂ?uwudﬂumjm tolvaptan +
low-dose furosemide A¥EAIATTA serum potassium

anasio lwanifingy titrating furosemide ax3NdlszA
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serum potassium Lﬁmqﬁu Sanuemsuaneef 48

%Immﬂﬁqm Toemudiansssy serum potassium
GLuﬂEjJJ tolvaptan + low-dose furosemide fMmanasan
I@% 0.27 mg/dl slmmzﬁmj'm titrating furosemide il
SeUs AR 0.14 mg/dl uanenanuaensditidAny

IEAR (p=0.047) Fausnslugd 7

0.5
Serum K changes
0.25
P=0.047
0.14+0.74 P=0.094
0.07:0.73 P oes0.80
P=0.958
0
-0.05+0.44 -0.05+0.6

-0.15+0.63

-0.25
0.2740.71 -0.25+0.61
24hr 48hr 72 hr 96 hr
B Tolvaptan+ low dose furosemide ™ Titrating dose furosemide

-0.5

4 . d o ]
71 7 waaeANEiUAgwHLAIBITEAY serum potassium

MasUAeula9289520YU serum creatinine
LATN19T worsening renal function

FISUHAENERN safety outcomes iy
aoulAeulasmassssumehaseedlads wunaan
miﬁﬂ‘]:ﬂﬂﬁjzd tolvaptan + low-dose furosemide dnm
w’ilm%)fuaﬁxﬁu serum creatinine %Hm"mﬁjm titrating
furosemide TnsaauanshsazEailasaaud s
7i 72 FalamdsannEudimsdnm aeholsfionu £limy
dwdwmaﬂﬁamﬂmﬁmmLmﬂsmﬁ“uaa'wﬁﬂfaﬁwﬁzyma
06 (p>0.05) m”qt,l,ﬂmslugﬂﬁ 8

WaynmIeneidnmMafinma worsening
renal function AP&SEAU serum creatinine WANKN
nh9eEay 50 YEDNAIUNNNT 0.3 1N./08. 1 96 Tl
TUNLN 61%?1@'34 tolvaptan + low-dose furosemide
A o A & v A . X
Jn 6 AU AaiuIaeay 23 Glmmzvmqm titrating

. ° a [~ v
furosemide WU tolvaptan 9 @u AGIUIALAY
34.62 TWNGN titrating furosemide lnemulsifiana
uaneenuae ATEEAYIIENA (p=0.358) AILEAY

4
Tugih o
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0.5
Serum Cr changes
(mg/dl)
0.4
P=0.195
03 0.3+0.72
' P=0.221
0.23+0.47
02 P=0.411
0.16+0.28
0.06+0.19 0.06+0.1 6
0
24hr 48hr 72hr 96hr
B Tolvaptan+ low dose furosemide 7 Titrating dose furosemide
E‘ﬂ"?ll 8 udnINSILAEWLLAIYRI5AU serum creatinine
10
: Worsening renal function*
8
7 P=0.358
6
5
aq
3
2
1
O .. . .
Tolvaptan + low dose furosemide Titrating dose furosemide
(N=26) (N=26)

gﬂﬁ 9 LEAIBATINSHNA worsening renal function
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a
mMsandsena
Nnwamsanmaziinlealugtle ADHF
lsimansuassionn furosemide TummnaEausn msldin
tolvaptan FINAU furosemide 2WAMAUTZENTAN
lalusneneanmsvien furosemide AfMIUSLMALN
gotu athalsfiaamuing tolvaptan + low-dose
furosemide fvhwinfianasadei 72 Flassnnnings
titrating furosemide Wol kfiidhuMIshia Wavhms
Ao BnnulaIaznLINGN tolvaptan+
low-dose furosemide AwiBNDREElALRALINNN
N@N titrating furosemide laeiannglutng 24 Falaausn
d g L A an 4
Piuanuuaneae sy dumesaa saduldms
1 % 6
nalNTadEN tolvaptan favdlEimssanayszes ADH
7l v2 receptor U310k basolateral membrane 984
cortical collecting duct aAMIYNIIUIDI aquaporin
(water channel) WNN139U free water 5Luﬂaanm,ﬁaﬁ
Pnoslaamaia snTuanshfidslunomeiusaimn
v 1 % A A PR dzé v
uaaawzmwaslmmmimuaamammm;“mfmmuvlm
1 %, (56) LA [ JI = ﬂ o
25 uedlanasan 48 dalus Yasnonlasae
T99NGN titrating furosemide Az IHAUTIDINNN
LLﬁxmﬂﬂ’jﬂ%ﬂﬁjN tolvaptan +low-dose furosemide %3
B nuupam e anMILEUNTNAY8dEN furosemide
- YA A A -
legwu e ana MRS I TaEs A N NN
aehalsfienumsusuameen furosemide andUSanm
Tasnaiadusons lutrmasan 48 42lus nga
titrating furosemide 9¥§52AU serum creatinine
Aiagein uaziiumnlinfiaziinnng worsening renal
function §MNANIUNEN tolvaptan+ low-dose furosemide
A liiNged serum creatinine fauTAsALAIT Zavn
2 oo @ A - 0 8 o
menmumwmuﬂqNmamwmﬂmm anavh s
Wruemnauanenenfa Ay masiia b
AMTHEAL serum creatinine ‘Umﬂﬁjll titrating
furosemide WANGUIWNIBMAIMILSLIRNIYALE LAY
furosemide ¥384710 worsening renal function NN
NN tolvaptan +low-dose furosemide adnaldmnnnsi
furosemide Vl,ﬁﬂiwj”mguu neuro-hormonal activities
MIYEUMINLE89 RAAS Uavsympathetic nervous
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