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2019 12459 20228 7E7bA] 32k o5 7] Q] A et F Ak ol A
Al gzl F o] 1/l o] % olg Wk Al 53] ool AA|
N AANE AldE 2 59 S dEEkd A, DAAHZIASEA 5
3] njgkel Fz}p 2)A o] 3z} 3)th A7) o] (multi-organ transplantation)
At S Al elste]l FHE 504 FAE TEEUT & Ao B e &
SAATHE: 2019-06-038)S 2 F FFA AT AT 3o

RE A A A A7 A A ol ARe] A4 41 7] (135 body
composition analyzer, Mediana, Korea)2 X33ttt =4 W& 55
1

e WS SRR AFS EE AW w89 AT e 2

"‘:Z'L 1
(F2 Erheh, AL, ke E BRFA)A AATF F Y A4
2 2gath A e BES el =

ot AR o] Foll A e Fukg
(5 kHz)9} a253+4(100 kHz, 250 kH2)¢ AFE SdHY & & &9 A

1A% s 59 A2 Y] (Extra—cellular
-2 (Total body water)ol] ™3t A E]4E

water ratio, ECWr)¥& ZA4
Z A, A5H ok UA AE7hA] %

(Extra—cellular water)9] H]

A Axe SR mg Sold WS dalA 102 Fato] H5 s

ATHAE 9 2 2u)*10°), AL SR ARANA st FEe A%
2 Wrbels A5 AR8A B7hs7] 98 NT proBNPehe] A-aah) s
stk AL FRu e MEAel 94 o Fo] mAE dFe B



A& A Al FE LR x10"e] F 52} (standard deviation, SD)E F713H o0&

2459t

2.3. 43 R oA A

FAEALS IBM SPSS version.25(IBM SPSS Statistics for Windows,
version 25.0; IBM Corp., Armonk, NY, USA)E A=}t A&d Hee

v Bz EsAAE g3t ReidAde 5932 THA (Independent

(Fisher's exact test)S A] a3}t

A2 L1 9F NT-proBNPY] #A1E 3}etslr] 9@l Pearson 43 #4&
Akt 714 54 A A Zpol 7t AU A o2 Fou g HeE
S o w F2 319 #24(Cox proportional hazards regression analysis)
= A&t Aol gk FFS EA ST B AlEQ - o w4
S

|4 9 FHAH AdA(cut-off value)S 371 93] Receiver operating

_4_



characteristics(ROC) curveE T3t th ROC curveE F3 73 A X4
ool A HA Ak (optimal cut-off value)ol wel S-S A
TRt EVENTS Ao digh w7k (sensitivity), 5 ©]% (specificity),
4 oSS (positive predictive value), &7 <3 %(negative predictive
value) & A AT AEFE A AEE ZolE Fpeotstr] f8 7=
gZ-nlo]o] AFEE A (Kaplan-Meier survival analysis)S A&ttt =2~ 3
7 A% FhEE-mtolo] AERA oA AR A BAATIAGEA HA
Alg S5 AR A Ao r AASH. EE 42 pvalue <

0.05¢ w AR freofstriar Bkt



AS E43ko] Pearson ¥ AlFE 05122 o3k o AddAZS B
FoHp < 0.001) (¥ 1).

714 EAolA EVENT(+)T°o] EVENT(-)wel H]3] eGFR < 60
mL/min/1.73m*S. 2 493 A FEBH(55.6% vs. 18.8%, p = 0.007)2] H|
&ol o Estow, dMAE © ugha(120 £ 16 g/dL vs. 133 + 22
g/dL p = 0.029), NT-proBNP+= o =kom™(701.3 £ 6554 pg/mL vs.
340.1 + 3231 pg/mL, p = 0.012), A xS SAHE HAALEHIASF=
H At} (683 + 175 ml/m2 vs. 448 + 11.4 ml/m2, p = 0.007). A7 7]
A GEA A A A E Q]S E1]%10" (3980.3 + 117.2 vs. 38874 + 755, p
= 0.001)9F, AEL]FEN 10" FF=HAXOG86 £ 492 vs. 45.2 + 246 p =
0.029) X Event(+) wollA fFemlatAl o Edth o] 99 & ¥HTsE
o aAE SAHSRE Fog ApolE HolA] FAUTHEE D).

ROC A& Ha AEZFEN10'7, AlE2)F5Eu)+10'] FEAA,
NT-proBNPe] #H# AdHS F3te] dALs HF3E §F Area under
curve(AUC)E T3ate] el Fows nwstivl AEZe]5Eu10'e]

A AL 390972 AUCE 0.788°1AtHp < 0.001). Al Fe]4=#1]%10"]
xEEAe] HA AddE 3872 AUCE 0686°lAtH(p = 0.031).

NT-proBNP2] #H# Ao 55952 AUCE 0.717°] At p = 0.012) (1%

).

A EZ L= 50]10%, Al E2S=Eu]x10"e] EFHAe] H4 ddds vFo

2O EQ R0 A XL SR «10%) mEdAz AE2 MA)
A

AL R0 3000701491 A%, AXIFRU0Y EEAA

nNo

X



AFHd 3). AEZLFEN 10" A EZLFEHx10'e] TEHA
AUCHS 086322 7Fd =Ska(p < 0.001). AEQ]FER]*10* 0788 (p =
0.001), NT-proBNP 0.717(p = 0.012), Al Z£2]5=%1]x10*] F=H A 0.686(p
= 0.031) o= YEYTH(IE 3).

A EZ QG50 10 2 AL G=80]+10'e] FEAX} Hol e Az W
o MixE EAGth dA A3 W A9 04, 14, 2o R % =
ofd 5 QA APl A NETt FAA o R F7EeATH0.0% vs 25.0%
vs 737%, p < 0.001). o|x A} WF F AFEA A9 AgolE Hgrt

WA W7 Z7FeFIEH0.0% vs 25.0% vs 68.4%, p < 0.001).

=
2 9le] Mgl s Fouleh HIE Aol= EA|EHA] ?%9}11}(4 2).
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¥ 1. €3 23 W == thiadx 54
EVENT(+) EVENT(-)
(n = 18) m-gy Pvae
Lo], Al 5038 + 11.6 515 + 154 0.374
o34 n(%) 7(389) 8(25.0) 0.304
7], em 165.1 + 76 1676 + 82 0.705
E5A, kg 650 + 130 663 + 98 0.29%
AN A A, kg/m2 239 + 45 236 + 29 0.775
7] g3}, mmHg 1234 + 113 1232 + 102 0953
o]¢t7] &3k mmHg 708 + 74 752 + 90 0.033
3 ?i, n (%) 7(389) 14(43.8) 0.738
<7, n (%) 6(33.3) 12(37.5) 0.768

EH]—X] 3}

P n (%) 14(77.8) 21(65.6) 0.368
183k n (%) 4(22.2) 7(21.9) 1.000
THdEEH 8,1 n (%) 10(56.6) 6(18.8) 0.007
oA AEZ n (%) 7(389) 11(34.4) 0.750
g Al A=

2Rl g/dL 120 + 1.7 133 + 22 0.029
ol A4 mg/dL 239 + 106 02 + 56 0.183
Ao, mg/dL 13 +07 11 +03 0.151
AFEA S 2, ml/min/1.73m? 631 + 21.1 799 + 226 0.076
NT-proBNP, pg/mlL 7013 + 6564 3401 £ 3231 0012
AAxS9 HAES

FAANUEE % 622 + 777 639 + 4.19 0.308
Aol HA1 7, cm 46 + 041 44 + 0.34 0.133
HAEFE71E2 7, ecm 30 + 0.4 2.8 + 027 0.059
A AT, em 10 + 012 10 £ 0.12 0.79%
FHAEAFHFA, cm 10 + 013 09 + 0.10 0.454
A9 Hd 424 ml/m? 583 + 175 448 + 114 0.007
z7] o]&V] TR FY 7 5 m/s 08 £ 0.21 08 £ 0.14 0.264
7] o]&V] TR FY 7 HF5 m/s 04 £ 0.07 04 £ 010 0.879

=113 O 0] HE A=
g i il 19+051  18+037 0307
=113 O 0] HE A=

S i BB 80237 71148 0153
A7 At At

A3 2] 4= 1010 003 + 1172 374+ 75 0001
A|FEL)GE010"e) AL 636 + 49.2 452 + 246 0.029

NT-proBNP, n-terminal pro-brain natriuretic peptide
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A 04 13 273 p
n=50 mM=1 ®=16) (=19 value

12+ 23 b4 n(%) 18(36.0) 0(0.0) 4(25.0) 14(73.7) < 0.001

A 53k AFRES, n(%) 4(8.0) 0(0.0) 16.3) 3(15.8) 0.368
A AR, n(%) 17(34.0) 0(0.0) 4(25.0) 13(68.4) < 0.001

<% A7 &l n(%) 1(2.0) 0(0.0) 0(0.0) 16.3) 1.000
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Ty
e 24 e 24
=R
HR 95% CI D HR 95% CI D
value value
A 32 Q) 7n] 1017}
A EQEN10%] 8711 2506-30277 0001 12391 3.029 - 50.685 < 0.001

NT-proBNP > 5395 14521 1.928-109.391 0.009 4938 1.158-21.057 0.031
S RFEH 0734 0557-0968 0028 1211 0.869-1.639 0.258
i ars 3334 1311-847 0011 0954 0.242-377%5 0946

HR, hazard ratio; CI, confidence interval;

NT-proBNP, n-terminal pro-brain natriuretic peptide
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(positive (negative

T Eolo

Ak Seli predictive  predictive AUC P value
value) value)

A 3 2] in]«10" 3}

A 3 &)= E1] 1019 8% 8496 74% 87% 0.863 < 0.001

B¥FAA A

A 3 2] Fin] 1013}

A 9] H]x10"9) 10096 47% 519 10096 0.734 0.006

xoedza A 14 o

A 3 2] 4= F-H] 10" 83% 75% 65% 899 0.788 0.001

A E 2] S=E 1%

jzi;i 1¥10%¢] 9496 5696 55% 9Bo% 0.686 0.031

NT-proBNP 5696 88% 719% 8% 0.717 0.012
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20194 129 - 2022 799 E A
AZelH 4 g F
ARt gl 2wl A
AAAZN QG AANE AT &2
F¥H 55

(N=59)

A

Aol F 289 ool
AAAZNAZEY HAL 35 53 o3

AAAZNAGEY A 58 v
(¥=6)

(N=53)
, Aol (N=1)
! o 7] oA (N=2)
A% 5%
(N=50)
a" LA W A EEE
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gF & AUC Cut-off
A 9] 520 x10 2}

0.863 < 0.001
A E 42 H 10" EEAR A
A 32 9] 4= 5] %10 0.788 0.001
NT-proBNP 0.717 0.012
A E Q)R «10%e] FEH 2} 0.636 0.031
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The Utility of Bioelectrical Impedance Analysis for
the Assessment of Clinical Status in

Heart Transplant Patients

Park, Min Kyung

Department of Physiology
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(Supervised by Professor Kim, In-Cheol)

(Abstract)

Heart transplantation is considered the definition treatment for
end-stage heart failure, however regular monitoring of potential
complications 1S necessary after the heart transplant surgery.
Bioelectrical Impedance Analysis (BIA), which analyzes body composition
by measuring changes in cell permeability based on alternating current
frequencies, has the advantage of non-invasively allowing patients to
assess their health status. This modality can be effectively utilized in
monitoring the clinical status of post-heart transplant patients. This
study was to explore the significance of bioelectrical impedance analysis
in evaluating the condition of patients after heart transplantation.

From December 2019 to July 2022, patients who underwent
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bioelectrical impedance analysis after heart transplantaion were enrolled
at a single tertiary medical institution. Patients were grouped according
to the presence or absence of primary outcome variables, such as
treated rejection, heart failure events, pulmonary hypertension due to left
heart disease, and severe renal dysfunction. Independent predictors for
the occurrence of outcome variables are also examined. Diagnostic utility
of extracellular water ratio (ECWr) and the standard deviation (SD) of
changes in ECWr (ECWr*10"-SD) were analyzed using Receiver
Operator Characteristics (ROC) curves.

A total of 50 heart transplant patients were evaluated with 18
experiencing primary outcome variables (Event (+)). The analysis of
baseline characteristics revealed that the Event (+) group had higher
ECWr#10*, ECWr*10*-SD, and NT-proBNP compared to the Event (-)
group. Cox regression analysis indicated that high ECWr =10 and
ECWr#10*-SD, along with elevated NT-proBNP, were significant
independent predictors of outcome occurrence. The ECWr =10 and

ECWr#10*-SD score showed the highest AUC value according to the
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ROC curve, based on the optimal cut-off value. A higher ECWr =10*
and ECWr=10"-SD score was associated with an increased occurrence of
primary outcome variables, and a score of 1 or higher demonstrated
100% sensitivity and negative predictive value for primary outcome
variables.

In heart transplant patients, elevated ECWr«10* or ECWrx10*-SD
indicated a higher risk of cardiac or renal-related clinical events. The
measurement of ECWr using bioelectrical impedance analysis in heart
transplant patients can be utilized as a screening tool for future

evaluations of their clinical status.
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