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M6 1 A RICRRIFEST 1 BB IR (probable) I2F - 72
GAD iR Bz P i irAE R s B D 1 6

HHEPRE  HP RE HER RE
wE e R’k L

T | 28 mutt. iR 25 BICYIEREDCHERERAR AR EIEofc. ABRRFORIMIC TR M
¥EfB 164 mg/dL, HbA1c 5.5 % Tdhofc. 75 g0GTT FETEN, 3 mEHEBEL ETEH D IFIRMER
REEZISNIC. T5I(C GAD HifFREMZERYD, BENEENCHTFB N Eofc. A VAU VEEZ
7U), HbATC [F 5 %A TRBL, ik 39 BICIEREN R TCEREHELC. DE&RIFAVAUVR
FEED, D6 EBO 75 g0GTT (FBRETH e, 9% 6 NBRICERET 1 BUNERRA
(probable) (CE oTc. GAD Hifkka DT IRYERRIEIFIFFRM(C 1 BHERKICEITIT DU RTINS
<, BEEFRBHEENNETH D EHRESINTWND. FEFIE, GAD HiEBEEER I —_VJTE
e EICKD, 1 BERRFEEY A EZIBICET 7 40—7 v 77TV, BEABENATSHIEN
TEEENERI CH o Ie.
Key words : {FIRYEPRIR, RIET 1 BIERKE, GAD #iE
ERRF 67(B) : 215~221, 2024)

56,8.9).
# Sm, HRPIC GAD HiikEHE A 2 ) —= v 7T
GAD ¥ifhid 1 I RRFREOBAER X Y A2 -z kicky, 1HERBBEYRAZBVWI LY
L, IABBERBOFH - ZH~— 7 —& LTS BE - EHREEDICEHBRL, MEICKABSEEZITo

i

AwbhTwah?, KR, 6 H ATRIREETT 1 BUBEIRH (probable)
GAD Fufkfa 4 o RS IR 7% (gestational diabetes IZE o 72 GAD HulkBE: GDM IZDoWTHET 5.
mellitus, LLF GDM & B&3) OB RATIC 1 B % Bl
RIRBATT 5 ) %7 %% MR ERBBHILET T
HHL@EINTVLY, BE 28K, it
—#%12, GDM BRF i3 5-44%, 75 goral glucose FRR BRI L.
tolerance test(BAF OGTT LB ) 2479 2 L2k Y, BRAERE : BRIC2 L.
BRM D 5 IIERFEANDBATH 2\ 2 5-illi 2547 TR © 1 4 0 2.
nae LaLieds, BEERSZV, H50EFR AR BRIER L, BER L. BREIEBR
BEL VAR EZHERIZZ 2PN T8ED%R % RIERE L 2 BUERAE, BEREMHEIE. & i
W FREBEBOERLE LT GDM BBEBE~OEE [T,
HEFTHIERBER TRV R, 7487y PIIREE @ ARIZR L.
TYATAEETR, ERICIIRIBICLZDY BREE C X4E 12 B, 1R 25 BIC Y8R E & W &

74O —T v TTHILFRETHL I LHDHIFON h, LSEEE@ARENARBE L 2072 ABERRICHELT S

BATBGEANE RSB =B RERE V7 —ER% - WawAR (T514-1101 =EEFEHAEHHHET 2158-5)
WG HEEE (T5141100 =FREFHASHME 21585 MUTHREAECKEBE=EDREREL Y 7 — R
% - I ED
ZAE 20234128 198 /84RHE : 202443 A8 H

— 215 —

J— 4 J—
[FHEBRE. BHBE TREE. REEM. RESEZ D06 » BRICERET 1 IR (probable) ICE > f< GAD fiikiEMHE
EIRVEPRIRD 1 Bl #ERRAS 20245 A 67(5):215-221 (—#) BERERRFSR
K YBFRIZ1§TEH



WRE 67%5% (2024)

Table 1 HIBHRRERR

NBROREFRR % RT.

R LS

i (4+) TP 6.3 g/dL

#H (=) ALB 35 g/dL

VLS (+/-) T-Bil 0.4 mg/dL

il (=) AST 12 IU/L
ALT 12 IU/L
AMY 61 IU/L
BUN 6.5 mg/dL

Jiiik=% Cr 0.40 mg/dL

WBC 9980 /uL eGFR 150.1 mL/min/1.73 m?

RBC 375 g/dL CPK 211U/L

Hb 114 g/dL UA 35 mg/dL

Hct 333% Tcho 225 mg/dL

PLT 20.8 /uL Na 137 mEq/dL
K 38 mEq/dL
Cl 104 mEq/dL
HL ACHRAD [£43

P PR B AR AR RN Y

e ey L A il 164 mg/dL FT3 2.32 pg/mL

HbAlc 55 % FT4 0.59 ng/dL

GA 134 % TSH 112 pU/mL
#1 TSHreceptor ik 08 IU/L

22 R IR I A il 76 mg/dL w4 ursury yHkg 11 IU/mL

TR 2 W PR ILHE i 149 mg/dL L TPO $ifk 9.0 IU/mL

ZEH5 K CPR & 2.01 ng/mL

Bi&t% 2 % CPR i 11.16 ng/mL HLADNA # 4 ¥ 7

24 KM EFR CPR 640.1 ng/day HLA-DRBI1 04:01:0104:05:01
HLA-DQBI1 03:02:0104:01:01

GAD ¥ifk 936 U/mL

i ZnT8 ¥tk 82.3 U/mL

IA-2 itk 0.6 U/mL ki

A v R Uk 04 %

ICA fetd

#R 26 /D 75 gOGTT

B R AR 92 mg/dL

B 1 BRI E 200 mg/dL

B T4 2 Fp PR XA il 161 mg/dL

FX) WA 10 LR

M-3RI - RAEFEN CRERE MFE fE 164 mg/dL, JR¥E
4+ ThHole. FTTT75g0GTT WAT &N, AMRIM
YEfH 92 mg/dL, BHTE 1 R 200 me/dL, 2 ReRfl
161 mg/dL T3 Y GDM L #ZHF S 7z, & 512 GAD
PrikABE % R0, BEHEEENICLYRBA L o
7.

NZREHIR : & 165 cm, 1KE 70 kg (FIRRET
67 kg), IR BMI 246 kg/m? #K{8 365 B, Il &
106/72 mmHg, AR 84 [|l/43 - B, FIRFEEE, Hiis
B, DERBECHSZL. PRELEE. MEENEE
FBRZL. 7T¥FLVABRKSER. BFIREE (C128

R BRER R : (Table 1)
RRETIIRMERETH o 72, MPEHRETIILHER
M$EME 76 mg/dL, HbAlc 55 %, GA 134 % TdH o 7=.
JE B BB B 2Bk 13 GAD $ifk 936 U/mL, #t ZnT8
Pk 823 U/mL LlpHETH o7, Hirfurary) v
Pk B X UL TPO HifkIZfetETH - 72, BRI
EEFEDT, ER7 VT IV 112 mg/H & BERBHTE
REDOEPITED LM o72. HLADNA ¥4 ¥ 7 Tid
1 BER B ORBREZERET 2RO

KRR - ch I CRZCRRBEERShZ L

— 216 —
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GAD SRt iR R A B2 0 1 41

64 56 64

o - —

R 2)0E 5054

(#f7/R) 40 DY

12 18 30
70.0 69.5 70.2
&= (kg)
%
HbA1c (%) GA (%)
b 14
59 | _13.4 135
o7 - 1238 Ly 13
5.6 TTTTre— T 55 | 125
55 ~§.5 54 __— T T 12
> ——— 114
5.4 —r 11.5
5.3 - 11
5.2 38keH ||
5.1 N 10.5
5 7 10
w& S “ﬁg/ “f\"@ %QQ %é\/ “9'%/ P "o;@/ oS ’A\</ ‘f&/ 6@&
&
—HbAlc —GA

Fig. 1 FiR#E B D HbAle, 7YV a7V T3V (GA), LEA VXY VERVEKED

HBERT.

Table 2

Stk 75 gOGTT ARTAER

S 6 HRR, SBR6 h Atk L6 A A% (WK O 75 gOGTT OMRERT.

i 6 BR% S 6 H Bk a6 h BB (BR)

A fiE IRI A fiE IRI A E IRI
(mg/dL) (uU/mL) (mg/dL) (uU/mL) (mg/dL) (uU/mL)

= Viiti} 92 15.1 102 125 105 145
30 4 167 89.8 189 496 182 514
60 5 210 100.3 224 64.3 240 84.7
120 4 189 99.5 221 786 235 128.6

137% <, HbAlcb55 %, Z2Jg FF I FE fi 1% 100 mg/dL
KM CTHRB L, HIRPOHL P 2IERK ORI
BTz o fz. R 25 AKFIC 75 gOGTT AR RER
TIREEMU L TH Y, HIRFERRE & ZW L 7.
GAD HilkZHE L 72 T 2B TH o 7=, Z2 e b
CPR 201 ng/mL, 24 B % R CPR6401 ug/H T
D, £ VR YHWERIRRI-NTEBY A Y2 VIR
WaE AL (Tablel).
HEBETIRMET Y bo— Vi3l {, HIE26
BWAHXVA Y RA) TRV DR ERERICHEE L
THEEEZ T, TR IERKA 66 AL/ HokE %
1To7-. ZZHEBFMFEE L 100 mg/dL Bi#%, HbAlc it
S5%BTHREL, GAIZI13%RIHTHER L. IR 39
BIZIEESHRT 2608 g DB IR E ME L7z, 5%, A
YA YRR LA, ZZERIEE 80 mg/dL &, M
FEMAEME 120 mg/dL Kl THRB L7z (Fig. 1).

GDM #Z#iky, GAD JLikREETH v, 1 BRI HAE
DUREEIRVC E2FRALLE IS, A VRV E

MFEL TV ZE~DOARR, RUHE, 3 HE4L
RO LTRREZEBRTIRESIALN, KAL
KIEE D IZKRERBMWBIRSA SNz, D720,
ERARHELRE L & D IR 2T, ok EZRER
JTERAN - RE~NOHBEE T 72, ZORKE, R
WY BEAROBRESAON, 721 BBERBRBED )
A7 RUA YR VB OBEEEANOBESERE Y
SFRBEOT 0 —7 v TOEEWZHR 21507z,
GDM D43tk 7 + 1 —i%, HIRIC X 28RH~D
WENEL 2D L3N0 6~12 A%, BEAHR
EIFMDO 720D 75 gOGTT #9479 Z L A3 X h T
W39 56 B%IC 75 g0GTT 2 MfT L, AMKE?2
FeffE 189 mg/dL LHERBTH - /2. 56 7 AHEIC
75g0GTTIZ X 2 BFli 4T o 72 L T A AF Tk 2
BE 221 mg/dL L ERFEMTH o7z, ZORHETIE
HbAlc i 6.2 % T - 7z (Table 2). ¥ERARFAE D T B
HEEZ, Z0%17ALNICTEgOGTT #HBHRL
7o, ZFORR, AME 2 RFRMEDY 235 mg/dL TH D,

— 217 —
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MR 67455 (2024)

74.2
*E(ke 700 Lo

HbA1c (%)
7.5

1 % fi&l (me /dL)
150

—~—HbAlc —Z2RERS MHE(E
7

6.5
6

5.5

5

PaN L 140
L 130
L 120
L 110
L 100

+ 90

80

Sk 1m M ™

OGTT

M oM 1M

oGTT(ERESD) TYAVYTINT BRI

BE-EHEE
[ IR AET1RIBERH (probable) 7]

A RYD T RV ER2-B2-5 a8 (i BAth

Fig. 2 SHBEOZMEIMEME, HbAlc B X UOBKREOHR, OGTT Witk >RV~

RGO Z R T

BERHFRMCH o722 nd, BRKBLZSW L. 28
FFIfL A CPR 2.26 ng/mL (R IMAEME 100 mg/dL) &
42 YAWBREREIR TV BEERD S8E
AT 1 RUFER S (probable) & IWr L 7. F 72 GAD
PEZERLEZ S, 1530U/mL & EAHEA SR
7z, BEERCT THRCEB I 2d o7z,

HER%, BROBEILEEFNILATHZZ LR
BMI 27 kg/m* & ERAKENR > TV iEWI b H Y,
EHBEREZERLOD, BRIV I—2E=2%—
PEEL, A VAV VEADIALI VI EERBLTY
kel BHEHELZOMRELDY, ZHEEM
PEMEIL 100 mg/dL A%, BERFIPEMEIZ 140 mg/dL &k
WCHRL, 2B 15 A% HbAIcIZ59 % FTHEL
. LaL, 20k, fRe lCZBEEEMEE HbAlc
EHICERAZA LD BWI3 A AKRGHRI Y BR)
SRR MR K " HbAlc D ERZ A L 2. EHR
FEVIIBEIR > TH 53 BMI 26 kg/m?* & il %
Aed, TOFITEFEHGRETERELALIL LT
BETHo/zds, FE2TFERFEDD 2720 REA ~
2 VEBAEL, A VAV YFINT Y EZRBL.
ZFO%, BRESNVI—REo ¥ — 2 BERT LILES
U774 NVEREL-EZ S, BRIEEOBEMNE E
FALRD, BW4AHAE (GHBRI0H R T4 VR
TRV ESERL, ik YR UEEE L.
Z DR, Z2fEKF CPR 2.67 ng/mL (22 B i B8 45 100
mg/dL) & 4 Y R Y WERR R TwWi, Fo%
AVAY) Y TFINTFT 6 BAL/B, 4 YA YT ANV
b 22 BT/ HECTHEL, LE, HbAlc6 %BLRE

L<H#B LTS (Fig 2).
x =

AAE B LI IRAE PR 22 BT IR 2 GAD ST -
7275, GDM Z Wik o3 GAD ik MRz &HE T
17%Y, A7 x—FV62%", Fr~v—222% LM
HINTWE, KB TOREIZP RV, HERLFE
BRERESE L Y ¥ —TIiX 201245 A 2 5 2015 48
11 A ¥ <o GDM 235 fiH, GAD JuikkathE 1z 1 BT
Holzt DRENRD BV, Tz, LEKRFREIIBIT S
GDM 26510 5 b GAD ik X 1B TH - /2
LoMEDHHY. BEETDH 20184 1 A5 2021 4
3 2Pt GAD Fitk% Bl L 72 GDM 62 i, FEtdkpl
BAER 1 FIOARTH o 7. RIBIBIT IR
DEMTH2 EHEIN, REMIBLWERNTH S
LEZOLND,

GAD ikt GDM 09 &, BB BT 33 % (&
#%6BTT)?, AV —FVTIIS0% (EHSET
T)Y, Fr~—rTI3100% (E#IETT)Y, EH
WIRBERBZRELZERMESA TS, L
D7+ =7 v THHOEPEERICHEE LT
HhdHsdo0, EHRBIICIBERBLZBETSHY
A7EBVELEZONS, REBEDER6 I ARITR
51E1T 1 BUBER S (probable) IZE o722 k12X Y, =
NOEITHEOERICEHTAIREBEEZ Sl

REREACTAICE LT, EH2EDRIC ] B
RIREBETHVAZH, 1HEBEHTIZ17%, 2
EHETIX 61 %, 3FAEBIETIX 84 % L B kR

— 218 —
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GAD $uhfa it i gt FRA A o 1 1

BEFZVIZE 1 BBERBEZRET S ) A2 258 %
LrHEINTWAEY, EREFmICTIE ZoTS Hifkic
LTk shTninds, RKEHIE, GADHilk:
InT8 Hitkk 2 iR TH 1, 1 BIBERBRIEY X 7
3B/t EZIONS.

2023 FE\TARIRAEAT 1 BUBE IR IR O B WAL HE AL ET X
n, DESBOE Z o CREBE B S ot
Thb, 2)FAE LT, BREOBME, 7 b—T2
HBLLARF M7 Y F=vR13%L, 27251035 IeE
RIEDT=DA VA VIREPLEL LWL, 3)
Bl L LD VA VHWRESBRIFICET L, BR
WOBWHRIVAZBETHHL VA VEESLE
), RRBIREE S THRMA 2 Y RZIREE (&
JREEINGE C X7 F F<06ng/mL) THBHI &, D3
HET, IhoeTrizdERNZ [RIRET 1 B
RH& (definite) | £2WT5. 1) BXU2) OAhxi
THAEE, A VA VIHKFIRBOBERKTH Y,
[#R15HEST 1 BB R (probable) ] £ EZ S /2, K
FEFIE 1) 1B L Cid GAD $ifk & #i ZnT8 ik ds ket
THb. DICHLTRE2 FREFEN Do 27208
BizA v 2) VEAERfTo2b0D, 4 R ViR
BHm, BT, VA VIRENLETH 2L
BZEZTWRW, Z07kH1), 2)@REETEELON
7zh%, ZefEBRIM A CPR 226 ng/mL T ) 3) i3z &
¥, RRIEHEST 1 BUBER % (probable) E ¥IWFL 72, F7-
HOMA-IR38 & 4 Y A Y V2RO TE Y B
HEAT 1 BUBEIRG & 2 RUBERB O BT, FEHIC
ER L Lo L, BEFEEHITE C, #l GAD Hitfk 1530
U/mL L3R TH Y, REED 2L, TAEFEEE
DYE - BETUENRSNT, 2 RUBERF OB
BETAED R REH SBIFEST 1 BIBE R (probable)
EHIBT L 7=

AR 1 BIERBIEIZW R o4 v 2 ) Vil
A BRI REIR T 2 %03 5 20 ISR TH
HEMEINTYDY, LaL, BIEEET 1 RBERB
(probable) X BBE H O FHEEETIEH 5 oD
A VA VIEEFRBICH Y, SUEEBREORER
IR GLP-1 EAMIEBIRIC X 2 HMARINE & 72
LA REMATRB EN T W BY, KEIZ BT 5B HET
1BERBE L 2L R—TRZVwdon, BHTIZS >
A VA WEEDMRRF S T\ B Z2EEE CPR 0.7 nmol/
L (21 ng/mL) LA E® LADA (latent autoimmune dia-
betes in adults) DFE1% 2 BBER R & FHEOBREY &
BT eHfERINTNEY,

o<, KEBIZA 2 RAY Y WEESRRT
BY, BEEFEANCTHEZ ERERKENR->TH
5, BMI27 kg/m? L Bl Th o 72724 Y A ) VK
FEDLED. 20720, FTTIIAFEEEE R

BB L7 AIITBIT 2 BEET 1 BBERBIT
T LEYEEE LCIIA VA VIBESERE 2 5,
272L, A VR VHWEEPRES LTV S RIEEET
1 ZUBEFRS% (probable) (X354 V2 VEAD T 4
IVFIRIIERTAC LS. KEMIIREEEREE
1757275, 4kg DREZE LI 20vb 5§k
B & o7z, RERILE 2 FREFEND -
hoBEmIVaI-—AE_ -2 HA LTI T 0
77ANVHBEIILDD, BEOFFLICHE L RS
b4 YA VBARITo .

GDM D#t GAD HikREHRIZE 720, GDM £&F)
TGAD Hifk%MIET 5 Z L IZIXFHEROL MDD 5 &
Bbha., LaLiAS, GAD Hifkktt GDM & etk
GDM T2 E#*° BMI, IMiE#M4FHE SICHL 2R
FEOHR L, BEE T GAD HitkZ 2T 5 DSt
RN L\, REEFNE GAD Pk = #EREC
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— Abstract

A Patient With Gad Antibody-positive Gestational Diabetes Mellitus Who Developed Slowly Progressive
Type 1 Diabetes Mellitus (Probable) Six Months A fter Delivery

Sayaka Ida, Tsuyoshi Tanaka, Takeyoshi Miyahara, Yuki Muneyoshi and Hiroyuki Goto

Department of Diabetes and Endocrinology, National Hospital Organization Mie Chuo Medical Center

A 28-year-old woman was admitted to our hospital with impending preterm labor at 25 weeks of gestation.
Her blood glucose level was 164 mg/dL, and her HbAlc was 5.5 %. A 75 gOGTT was performed, and she was
diagnosed with gestational diabetes mellitus because her blood glucose level was higher than the 3-point
standard value. She was also positive for the GAD antibody and was referred to our department for a further
examination and treatment. After treatment with insulin therapy, her HbAlc level remained in the 5 %
range, and she gave birth to a baby boy at 39 weeks of gestation via normal delivery. She was insulin-free af-
ter delivery, and her 75 gOGTT was borderline 6 weeks after delivery; however, 6 months after delivery, she
developed slowly progressive type 1 diabetes mellitus (probable). Pregnant women with GAD antibody-
positive gestational diabetes mellitus are at high risk of developing type 1 diabetes mellitus in the future, and
careful follow-up is required. This is a valuable case in which screening for GAD antibody positivity allowed
us to follow the patient with an eye on her risk of developing type 1 diabetes, enabling intervention for early

treatment.
J. Japan Diab. Soc. 67(5): 215~221, 2024
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Short-term Results of Imeglimin, A new Diabetes Drug

Efficacy and Problems

Tsuyoshi Tanaka?, Sayaka Ida?, Yuki Muneyoshi”, Takeyoshi Miyahara®
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Background: Imeglimin, a new type 2 diabetes drug, is said to promote blood glu-
cose-dependent insulin secretion and also to improve insulin sensitivity in skeletal mus-
cle and liver. However, side effects such as gastrointestinal symptoms have been
reported, and there is little evidence or reports of its use.

Results: In the present study, we retrospectively reviewed patients who had been
treated with imeglimin at our hospital for 6 months.

HbA1c (%) significantly decreased from 8.6%0.9 to 7.6+0.9 in 6 months (p<0.005),
while BMI did not significantly change from 24.7+3.7 to 24.5£3.7. No correlation was
observed between CPR index (CPI) and AHbAlc at the start of imeglimine or between
HOMA-R and A4HbAlc at the start.

Adverse effects included nausea in 10 of 49 patients (20% ) and vomiting in 3 (6% ).
Only one of the vomiting cases occurred with metformin.

Conclusion: Imeglimin has a good hypoglycemic effect, but gastrointestinal symp-
toms should be kept in mind.
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Abstract

Background: Immune checkpoint inhibitors have recently become the stand-
ard of care in the first-line treatment of extensive-stage small cell lung cancer.
Although immune-related adverse events have been reported to influence prog-
nosis in non-small cell lung cancer patients, few studies have investigated the
prognostic value of immune-related adverse events in small cell lung cancer
patients. In this study, we evaluated the prognosis of patients who developed
immune-related adverse events after first-line treatment with immune check-
point inhibitor-based chemotherapy for extensive-stage small cell lung cancer.
Methods: We enrolled 90 patients with extensive-stage small cell lung cancer
who received immune checkpoint inhibitor-based chemotherapy as first-line
treatment from September 2019 to December 2022 in six hospitals in Japan. The
patients were categorized into groups with and without immune-related adverse
events.

Results: There were 23 patients with and 67 without immune-related adverse
events. Seventeen patients had grade 1-2 immune-related adverse events, and
nine (including overlapping cases) had grade >3. The most frequent immune-
related adverse event was a skin rash. The median survival time was 22 months in
patients with immune-related adverse events and 9.3 months in patients without
immune-related adverse events. The hazard ratio was 0.40 (95% confidence inter-
val: 0.19-0.83, p=0.013).

Conclusions: The results of this study show that immune-related adverse events
are associated with improved survival outcomes in patients with extensive-stage
small cell lung cancer.

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium, provided

the original work is properly cited.

© 2024 The Authors. Cancer Medicine published by John Wiley & Sons Ltd.
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1 | BACKGROUND

Small cell lung cancer (SCLC) is a highly aggressive type
of cancer that often presents with distant metastases at
diagnosis.! Approximately 70% of SCLC patients are di-
agnosed with extensive-stage small cell lung cancer (ES-
SCLC), which has a poor prognosis and a median survival
of less than 1year.' In recent years, the introduction of
immune checkpoint inhibitors (ICI) in combination with
chemotherapy has improved the survival outcomes and
the quality of life of ES-SCLC patients and has become
the first-line standard of care for this disease.>”® However,
using ICI also carries the risk of immune-related adverse
events (irAE), which can affect various organs and sys-
tems.”® The incidence and severity of irAE vary depend-
ing on the type and regimen of ICI, tumor histology, and
patient characteristics.®

In non-small cell lung cancer (NSCLC), several stud-
ies have suggested that irAE is associated with a better re-
sponse and longer survival in patients treated with IC1.”**
However, the prognostic impact of irAE in ES-SCLC pa-
tients who received ICI-chemotherapy as first-line treat-
ment is still unclear and needs further investigation. In

this study, we retrospectively analyzed the clinical data
of ES-SCLC patients who developed irAE after receiving
ICI-based chemotherapy and compared their survival out-
comes with those who had no irAE.

1.1 | Patients and methods

This retrospective study included patients with ES-
SCLC who received first-line therapy with ICIs plus
chemotherapy between September 2019 and December
2022 at six medical centers in Japan. The chemotherapy
regimen consisted of carboplatin (area under the curve:
5mg/mL per min) and etoposide (100 mg/m?) for up to
four cycles. The ICI doses were 1500 mg every 4 weeks
for durvalumab and 1200mg every 3weeks for atezoli-
zumab. Electronic medical records were used to collect
patient information. Patients with insufficient informa-
tion or missing observation periods were excluded from
the study (Figure 1). The patients were divided into
two groups based on the presence or absence of irAEs.
We compared the two groups’ progression-free survival
(PFS) and overall survival (OS).

Patients treated with
ICI plus Chemotherapy
n=93

Excluded cases
Data unavailability n=2
Deviation from observation period n=1

Eligible cases for analysis
n=90

With irAE
n=23

Without irAE
n=67

FIGURE 1 Study flow chart. ICI, immune checkpoint inhibitor; irAE, immune-related adverse event.
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1.2 | Diagnostic workup

Patients with pathologically diagnosed small cell lung
cancer and distant metastasis were defined as having ES-
SCLC. Contrast-enhanced magnetic resonance imaging
(MRI) was used to evaluate target lesions in the brain,
and contrast-enhanced computed tomography, or posi-
tron emission tomography, was used to evaluate target le-
sions in other organs. The Response Evaluation Criteria
in Solid Tumors (RECIST) version 1.1 was applied to as-
sess response and disease control rates. Performance sta-
tus was assessed using the Eastern Cooperative Oncology
Group performance status (ECOG PS). The American
Society of Clinical Oncology Clinical Practice Guideline
was followed to evaluate immune-related adverse events
(irAEs)."* Oncologists diagnosed irAEs after ruling out
other possible causes based on the following criteria: (1)
pathological evidence of irAEs; (2) a multidisciplinary
consensus involving at least two oncologists; and (3)
clinical improvement with irAE-specific treatment.'*'

1.3 | Ethics statement

Because this is a retrospective cohort study, the
Institutional Review Boards of the participating hospi-
tals approved waiving the need for informed consent by
publishing an opt-out statement on each hospital's web-
site. The protocol for the current clinical investigation
was approved by the Committee for Clinical Investigation
of the following institutions: Mie Chuo Medical Center
(Approval No: MCERB-202307; Date: April 4, 2023), Mie
Prefectural General Medical Center (Approval No: 2023-
S4; Date: June 7, 2023), Mie University Hospital (Approval
No: H2023-128; Date: June 21, 2023), Kuwana City Medical
Center (Approval No: 232; Date: June 7, 2023), Matsusaka
Municipal Hospital (Approval No: J-242-230526-7-6; Date:
May 26, 2023), and Ise Red Cross Hospital (Approval No:
ER2023-72; Date: October 3, 2023).

1.4 | Statistical analysis

Kaplan-Meier curves and log-rank tests were used to evalu-
ate progression-free survival (PFS) and overall survival (OS).
Landmark analyses were performed for OS survival curves
for patients alive at 2, 3, and 6months to adjust for immortal
bias. The Mann-Whitney U-test was used to assess continu-
ous variables, and the Fisher exact test was used to evaluate
categorical variables. The Cox proportional hazards regres-
sion model was used for univariate and multivariate analy-
ses. A p value of less than 0.05 was considered statistically
significant. The statistical analysis was performed using the R

software package version 4.0.3 (R Development Core Team,
Vienna, Austria) and the EZR version 1.54 (Saitama Medical
Center, Jichi Medical University, Saitama, Japan)."”

2 | RESULTS

2.1 | Patient characteristics and irAE
Ninety-three patients were enrolled in this study, but only
90 met the eligibility criteria (Figure 1). The median age of
the entire patient cohort was 72 years (range: 50-93 years).
Of the total patients, 82 were male and 8 were female.
Patients were stratified into two groups based on the
presence or absence of immune-related adverse events
(irAEs). The irAE group comprised 23 patients, while the
non-irAE group comprised 67 (Figure 1). The baseline
characteristics of patients in both groups are presented in
Table 1. There were no significant differences between the
two groups with regard to any of the background factors.
The types and grades of irAEs are detailed in Table 2. The
most frequently encountered irAEs were skin rash and hy-
pothyroidism. Three patients experienced more than one
irAE. The median time for the onset of irAEs was 75days
(range: 10-1002days). The treatment was interrupted in
three patients due to irAEs (Table 2).

2.2 | Survival analysis

In all patient groups, the PFS was 4.9 months (95% confi-
dence interval [CI]: 4.3-5.4months; Figure 2A), and the
median OS was 9.7months (95% CI: 8.7-16.5months;
Figure 2B). In the cohort with irAE, the median PFS
was 5.1months (95% CI. 4.5-5.9months), whereas in
the group without irAE, it was 4.5months (95% CI: 4.1-
5.3months; p=0.941; Figure 3A). The median OS was
significantly extended in the irAE group, with a median
survival time of 22.8 months (95% CI: 10.3-not assessed
months) compared to the group without irAE, which
had a median OS of 9.3 months (95% CI: 7.0-11.0 months;
p=0.010; Figure 3B). It is noteworthy that the number
at risk in the group without irAE at the initiation of PFS
and OS is different. This discrepancy can be attributed
to patients who did not undergo CT scans at the conclu-
sion of treatment, rendering them ineligible for Response
Evaluation Criteria in Solid Tumors (RECIST) evaluation.
Consequently, the data for PFS was incomplete. However,
as the date and time of death were meticulously docu-
mented, the count of events for OS is higher. This incon-
gruity emanates from the inclusion of real-world cases in
the study. A landmark analysis was conducted to account
for immortal time bias. In the 2- and 3-month landmark
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TABLE 1 Characteristics of the patients.

Factor (%)

n
Age [range]
Sex

Smoking status

ECOG PS

First line treatment

Total ICI cycle [range]

Liver metastasis

Malignant pleural effusion

Bone metastasis

Brain metastasis

Adrenal metastasis

NISHIMURA ET AL.
Group Without irAE With irAE p-Value
67 23 -
72.00 [50.00, 93.00] 73.00 [56.00, 83.00] 0.813
Male 59 (88.1) 23 (100.0) 0.108
Female 8(11.9) 0(0.0)
Negative 1(1.5) 1(4.3) 0.448
Positive 66 (98.5) 22(95.7)
0 20(29.9) 11 (47.8) 0.165
1 37(55.2) 8 (34.8)
2 8 (11.9) 3(13.0)
3 0(0.0) 1(4.3)
4 2(3.0) 0(0.0)
CBDCA + etoposide + 42 (62.7) 10 (43.5) 0.143
atezolizumab
CBDCA + etoposide + 25(37.3) 13 (56.5)
durvalumab
5.00 [1.00, 51.00] 5.00 [1.00, 37.00] 0.219
Negative 45(67.2) 17 (73.9) 0.611
Positive 22(32.8) 6(26.1)
Negative 49 (73.1) 15 (65.2) 0.595
Positive 18 (26.9) 8(34.8)
Negative 48 (71.6) 14 (60.9) 0.434
Positive 19 (28.4) 9(39.1)
Negative 52(77.6) 19 (82.6) 0.771
Positive 15 (22.4) 4(17.4)
Negative 54 (80.6) 18 (78.3) 0.771
Positive 13(19.4) 5(21.7)

Abbreviations: CBDCA, carboplatin; ECOG PS, Eastern Cooperative Oncology Group performance status; irAE, immune-related adverse event.

TABLE 2 Immuno-related adverse events.

Any

Rash/inflammatory dermatitis
Hypothyroidism

Pneumonitis

Hypophysitis

Polyarthritis

Hepatitis

Encephalitis

Myositis

Infusion reaction
Autoimmune hemolytic anemia

Myocarditis

n (%)

26 (100.0)

6 (23.0)
5(19.2)
4(15.3)
2(7.6)
2(7.6)
2(7.6)
1(3.8)
1(3.8)
1(3.8)
1(3.8)
1(3.8)

Grade 1-2,

n (%)

17 (100.0)
5(29.4)
4(23.5)
4(23.5)
2(11.7)
1(5.8)
0(0.0)
0(0.0)
0(0.0)
1(5.8)
0(0.0)
0(0.0)

Grade >3,
n (%)

9 (100.0)
1(11.1)
1(11.1)
0(0.0)
0(0.0)
1(11.1)
2(22.2)
1(11.1)
1(11.1)
0(0.0)
1(11.1)
1(11.1)

Systemic steroid
therapy, n (%)
9(100.0)
1(11.1)

0(0.0)

3(33.3)

0(0.0)

2(22.2)

0(0.0)

1(11.1)

0(0.0)

0(0.0)

1(11.1)
1(11.1)

Treatment

interruption due

to irAE, n (%)

4 (%)
0(0.0)
0(0.0)
1(25.0)
0(0.0)
0(0.0)
0(0.0)
1(25.0)
0(0.0)
0(0.0)
1(25.0)
1(25.0)
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FIGURE 2 Kaplan-Meier curves of progression-free survival and overall survival in all patients. Progression-free survival (A) and

overall survival (B) are shown. CI, confidence interval; MST, median survival time; PFS, progression-free survival.

(A Progression-free survival
1.0 WithirAE  Without irAE
(n=23) (n=58)
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0 5 10 15 20 25 30 35
Time (months)
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®) Overall survival
1.0+ WithirAE  Without irAE
(n=23) (n=67)
Median PFS (95%,C) 22 (10 - NA) 9.3(7.0-11)
months
0.8 1 P value 0.010
2
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With irAE
° 0.4
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o -
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Time (months)
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Without irAE 67 16 7 3
With irAE 23 1 7 2

FIGURE 3 Kaplan-Meier curves of progression-free survival and overall survival in patients with and without immune-related adverse
events. Progression-free survival (A) and overall survival (B) are shown. CI, confidence interval; irAE, immune-related adverse event; MST,

median survival time; NA, not assessed; PFS, progression-free survival.

analyses, significant extensions in OS were observed
in the irAE group compared to the group without irAE
(Figure 4A,B; Table 3). However, the 6-month landmark
analysis did not reveal any statistically significant differ-
ences (Figure 4C; Table 3).

Survival curves were also analyzed based on the grade
of irAEs and prednisolone treatment. However, no sig-
nificant findings were identified, probably due to the
limited number of patients (Figure S1). Swimmer's plots
are described in Figure 5A,B. All but two cases completed
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FIGURE 4 Kaplan-Meier curves for overall survival with landmark analysis. The survival curves for patients who were alive at 2months

(A), 3months (B), and 6 months (C) after starting treatment are described. irAE, immune-related adverse event; MST, median survival time.

TABLE 3 Landmark analysis for overall survival.

With irAE Without irAE
MST (95% CI), MST (95% CI), p Value
n months n month (Log-rank) Hazard ratio (95% CI)
Landmark 2 months 23 22.8 (10.3-NA) 62 9.4(7.3-14.2) 0.023 0.43 (0.21-0.91), p=0.027
Landmark 3 months 23 22.8 (10.3-NA) 58 9.6 (7.8-14.9) 0.045 0.47 (0.22-1.0), p=0.050
Landmark 6 months 20 22.8 (10.3-NA) 41 13.9 (9.4-24.8) 0.16 0.56 (0.25-1.2), p=0.17

Abbreviations: CI, confidence interval; MST, median survival time.

immune checkpoint inhibitor (ICI) treatment. All but one
case experienced irAE within 160days.

23 | Univariate and multivariate analyses
Univariate and multivariate analyses were performed

using the Cox proportional hazards regression. Both uni-
variate and multivariate analyses revealed that Eastern

Cooperative Oncology Group performance status (ECOG
PS) of 2 or higher and the absence of irAEs were poor
prognostic factors for OS (Table 4).

3 | DISCUSSION

This study provides novel and important insights into
the prognostic role of irAEs in patients with ES-SCLC
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FIGURE 5 Swimmer plots depicting patients with immune-related adverse events. Individual swimmer's plot for patients with
immune-related adverse events (irAE; A) and details of the irAE (B). ICI, immune checkpoint inhibitor.

who received first-line treatment with ICIs plus chem-
otherapy. Previous studies have shown that irAEs are
associated with improved survival outcomes in patients
with non-SCLC and in patients with SCLC who received
second-line ICI therapy.”'* However, this is the first
study to demonstrate that irAEs are also a favorable
prognostic factor for patients with ES-SCLC who re-
ceived first-line ICI plus chemotherapy, suggesting that
irAEs may be a surrogate marker of treatment efficacy
and a predictor of long-term survival benefit for this ag-
gressive disease.

There have been numerous reports exploring the cor-
relation between irAEs and prognosis.”** Shimozaki
et al. found that patients with irAE in solid tumors,
including non-small cell lung cancer, malignant mela-
noma, renal cell carcinoma, and gastric cancer, exhibited

superior progression-free survival (PFS) and overall sur-
vival (0S)."" Another study on non-small cell lung can-
cer demonstrated excellent PFS and OS in patients with
irAE, particularly those treated with nivolumab.? 1013
Recently, Socinski et al. conducted a pooled analysis of
patients enrolled in a clinical trial using atezolizumab,
analyzing 2503 patients with a landmark analysis to
avoid bias.'” Their findings indicated a prognostic im-
pact of irAE, showing a hazard ratio of 0.69 for OS in pa-
tients with irAE compared to those without irAE."* The
underlying mechanisms of how irAEs influence prog-
nosis are still unclear. One possible explanation is that
ICIs activate exhausted T cells to cross-react with both
tumor antigens and self-antigens, resulting in irAEs and
enhanced anti-tumor immunity.'®'? Therefore, patients
with irAEs may have more tumor cell death and antigen
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TABLE 4 Univariate and multivariate analyses.
Overall survival
Univariate analysis Multivariate analysis

Factor Hazard ratio p Value Hazard ratio p Value

Age
<70 Reference 0.14 Reference 0.23
>70 1.57 (0.86-2.87) 1.48 (0.78-2.81)

Sex
Male Reference 0.75 Reference 0.72
Female 1.16 (0.46-2.93) 0.84 (0.32-2.20)

ECOG performance status
0-1 Reference 0.0037 Reference 0.00059
>2 2.71 (1.38-5.32) 4.04(1.82-8.96)

Brain metastasis
Negative Reference 0.56 Reference 0.19
Positive 0.81 (0.41-1.62) 0.58 (0.26-1.32)

Liver metastasis
Negative Reference 0.17 Reference 0.69
Positive 1.55(0.83-2.87) 1.18 (0.53-2.64)

Malignant pleural effusion
Negative Reference 0.8 Reference 0.83
Positive 1.08 (0.6-1.94) 1.08 (0.52-2.23)

Bone metastasis
Negative Reference 0.59 Reference 0.34
Positive 0.84 (0.45-1.58) 0.71 (0.34-1.45)

Adrenal metastasis
Negative Reference 0.21 Reference 0.13
Positive 1.50 (0.8-2.83) 1.69 (0.85-3.37)

irAE
Without Reference 0.013 Reference 0.00082
With 0.40 (0.19-0.83) 0.24 (0.10-0.55)

Abbreviations: ECOG PS, Eastern Cooperative Oncology Group performance status; irAE, immune-related adverse event.

activity induced by ICIs, which could lead to durable
tumor control and prolonged survival. Another possi-
ble explanation is that genomic variants associated with
irAEs may modulate both the immune response and
the tumor biology, affecting both irAEs and prognosis.*
Further studies are needed to elucidate the molecular
and immunological mechanisms of irAEs and their im-
pact on survival outcomes.

Our study also has implications for the optimal use
of ICIs in ES-SCLC treatment. The IMPOWER133 trial
showed that adding ICIs to carboplatin and etoposide
improved survival in patients with ES-SCLC compared
to chemotherapy alone.?! However, other trials failed to
show any benefit of ICIs as a second-line treatment for
ES-SCLC.2>? Thus, it seems that the efficacy of ICIs is

mainly observed during the first-line treatment and that
subsequent ICI therapy may not be effective for patients
who did not respond to first-line ICI plus chemotherapy.
Therefore, it is crucial to identify biomarkers that can pre-
dict the response to first-line ICI plus chemotherapy and
guide the selection of patients who may benefit from this
treatment. We propose that irAEs may be a biomarker, as
they reflect the immune activation and the tumor sensi-
tivity to ICIs. We also believe that genomic variants asso-
ciated with irAEs may be another potential biomarker, as
they may influence both the immune response and the
tumor biology.

Our study has some limitations that should be ac-
knowledged. First, this is a retrospective study that may be
subject to selection bias and confounding factors. Second,
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the number of patients with irAEs is small, which limits
the statistical power and generalizability of our findings.
Third, some irAEs may occur long after the administration
of ICIs, which may lead to a selection bias in favor of pa-
tients who survive longer after treatment.”® We performed
a landmark analysis to adjust for this bias and found a
trend toward a better prognosis in the irAE group, but the
long-term follow-up may not be accurate due to the small
sample size. Fourth, we could not perform multivariate or
subgroup analyses to account for other factors that may
influence the prognosis, such as the number and type of
irAEs, the use of steroids, and the line of therapy.''"**
These factors may have different effects on the survival
outcomes of patients with irAEs.

In our report, the incidence of Grade 3 or higher ad-
verse events exceeded that observed in clinical trials.
Fujimoto et al. conducted a prospective observational
study utilizing real-world data of ES-SCLC with ICI to
chemotherapy in Japan.”’ Their findings indicated that
patients not eligible for inclusion in clinical trials expe-
rienced a higher frequency of Grade 3 or higher adverse
events.?’ Therefore, we attribute the higher occurrence
of Grade 3 or higher adverse events in our data to the
inclusion of real-world patients, encompassing demo-
graphics not typically represented in clinical trials, such
as elderly patients and those with poor performance
status.

In summary, the present study unveils for the first
time that patients afflicted with ES-SCLC who expe-
rienced irAEs following ICI as a first-line treatment
exhibited significantly improved OS compared to pa-
tients without irAEs. This observation underscores the
potential of irAEs as a surrogate marker for treatment
effectiveness and as a pivotal prognostic factor in this
challenging disease. Nevertheless, it is imperative to
acknowledge the limitations of our study, including
its small sample size, retrospective design, and the ab-
sence of genomic analysis. Consequently, our findings
warrant validation through larger cohorts, prospective
study designs, and comprehensive genomic profiling of
irAE-related variants.
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LETTER TO THE EDITOR
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When and how should next-generation sequencing and
comprehensive genomic profiling assays be performed?

Dear Editor,

| have worked as a respiratory physician in a community hospi-
tal for 8years. During that time, lung cancer treatment has un-
dergone a major paradigm shift. Targeted therapy for lung cancer
has expanded, and most patients with non-small cell lung cancer
(NSCLC) are now being evaluated using genetic analysis with a next-
generation sequencing or a multiplex reverse transcriptase poly-
merase chain reaction assay. Ishida et al. provide an excellent study
that explains the utility of comprehensive genomic profiling assays.1
However, the hospital where | work is a community hospital and ac-
cess to these tests is limited. | was inspired by this study and would
like to share two clinical questions regarding current companion di-
agnostics. And if possible, | would like to hear an experts opinion on
genomic medicine.

First, is it possible to measure all genes with only one next-
generation sequencing test? In the case of epidermal growth
factor receptor (EGFR), discrepancies between next-generation
sequencing and PCR have been reported.? In Sakaguchi et al.,
EGFR-tyrosine kinase inhibitors were reported to be successful
even in cases reported as negative by next-generation sequencing
and positive for EGFR by PCR. For the ALK fusion gene, 15.5% of
immunohistochemistry-positive patients are negative for next-
generation sequencing tests.® Therefore, the usefulness of immuno-
histochemistry in detecting ALK-positive patients has also attracted
attention. Next-generation sequencing is also useful for measuring
the resistance mechanism of EGFR-positive lung cancer,*® and it
might be important to use targeted therapy for sequencing in the
future. Which test should a patient with lung cancer undergo first
at diagnosis? Should each of these tests be performed separately or
simultaneously? Adequate solutions to these problems have not yet
been found.

The second question is whether there is a need for more than
two tests using next-generation sequencing. The study by Ishida
et al. is a high-impact paper discussing the usefulness of comprehen-
sive genomic profiling assays.! (In their paper, comprehensive ge-
nomic profiling assays refers to FoundationOne and the OncoGuide
NCC Oncopanel System.) Their paper demonstrated that new tar-
gets were found in people who had already undergone a gene test
and subsequently undergone comprehensive genomic profiling as-
says. Noteworthy in their paper are the details of the 20 individuals

for whom new therapeutic targets were found. Was their first test
a single-plex test or an Oncomine Dx Target Test Multi-CDx? What
were the histological type, sex, and smoking history of theese 20
patients? These information will help us determine which patients
should undergo comprehensive genomic profiling assays. As men-
tioned in their paper, Oncomine Dx Target Test Multi-CDx and com-
prehensive genomic profiling assays might detect different variants.®
Although the usefulness of comprehensive genomic profiling assays
is clear, it is questionable whether those tests should be repeated
for patients who have already undergone Oncomine Dx Target Test
Multi-CDx. Unfortunately, Japanese insurance policies allow pa-
tients to receive comprehensive genomic profiling assays only once
in their lifetime. Working in a hospital that cannot perform compre-
hensive genomic profiling assays, | wonder when and which patients
should undergo comprehensive genomic profiling assays.

As mentioned above, there is no perfect test, and it is important
to take advantage of the characteristics of each test and perform it
in a timely manner. We need to provide optimal medical care without
overlooking the genetic mutations of the patients, and at optimal
cost. Further research and discussion are needed to answer these

questions.
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Abstract: A 54-year-old female patient diagnosed with Stage IlIb squamous cell carcinoma (cT2aN3MO0)
initially received chemoradiotherapy. Two years after initial treatment, cancer relapse led to the ad-
ministration of nivolumab, which was halted due to the development of drug-induced pneumonitis.
Subsequent management with prednisolone and eight different cytotoxic agents failed to prevent
metastasis to the cervical lymph nodes. The tumor’s programmed death-ligand 1 (PD-L1) expression
rate was recorded at 10%. Four years after her diagnosis, the patient received a ninth-line therapy
combining cisplatin, gemcitabine, and necitumumab, followed by palliative neck radiation due to
increasing lymph node size. Remarkable tumor regression occurred three months after introducing
atezolizumab as the tenth-line treatment, suggesting that previous treatments, particularly radio-
therapy and cisplatin, might have enhanced PD-L1 expression, aligning with the existing literature.
This case highlights the urgent need for further research to elucidate the intricate interplay between
treatment history and PD-L1 expression in squamous cell carcinoma, emphasizing the importance of
accumulating case studies to inform therapeutic strategies.

Keywords: lung cancer; atezolizumab; immune checkpoint inhibitor
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Figure 1. Rapid and marked reduction in right cervical lymph node size post-atezolizumab therapy.
Cancer treatment typically adheres to evidence-based protocols established in international clinical
guidelines. Despite this, progression can occur even with strict adherence to recommended therapies.
We present a challenging case of a 54-year-old female diagnosed with Stage IIIb squamous cell
carcinoma (cT2aN3MO0), initially managed with chemoradiotherapy ((A); 1st-line therapy). Following
a relapse two years later, nivolumab was administered ((A); 2nd-line therapy). Unfortunately, the
emergence of drug-induced pneumonitis necessitated the discontinuation of nivolumab and the
initiation of prednisolone therapy. Despite subsequent treatment with eight different cytotoxic
anticancer agents ((A); 3rd- to 7th-line therapy), metastasis to the cervical lymph nodes continued to
progress ((B,C), red arrow indicates the tumor). Genomic profiling of cervical lymph node samples
via next-generation sequencing (FoundationOne®, Foundation Medicine, Inc., Cambridge, MA,
USA revealed amplifications of fibroblast growth factors (FGF)3, FGF4, FGF19, KIT, platelet-derived
growth factor receptor alpha (PDGFRA), Cyclin D1 (CCND1), phosphatidylinositol-4,5-bisphosphate
3-kinase catalytic subunit alpha (PIK3CA), and SRY-box transcription factor 2 (SOX2), along with a
tumor mutational burden (TMB) of 11.35 Muts/Mb. Programmed death-ligand 1 (PD-L1) expression,
assessed using the 22C3 assay, was found to be 10%. Four years post-diagnosis, the eighth-line
therapy (A) comprising cisplatin, gemcitabine, and necitumumab was initiated. However, due to the
enlargement of the right cervical lymph node, palliative neck radiation therapy consisted of 2 Gy/day
for 10 days; in total, 20 Gy was administered (A). Radiation was delivered with fractionation over
10 days, rather than 5, to avoid potential bleeding from repeated irradiation due to the overlap in the
areas receiving 60 Gy in both 2015 and 2022 [1]. Remarkably, three months later, the administration of
atezolizumab as the ninth-line therapy (A) resulted in a significant reduction in tumor size (D-F). Two
significant observations emerged from the patient’s treatment trajectory. Initially, while nivolumab
induced pneumonitis, atezolizumab did not precipitate this adverse event, suggesting a variance in
the side effect profiles of anti-PD-L1 and anti-PD-1 therapies [2]. Secondly, despite modest PD-L1
expression and tumor mutational burden (TMB), the patient experienced long-term efficacy with the
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immune checkpoint inhibitor. Notably, she had undergone irradiation and cisplatin treatment just
before the administration of immune checkpoint inhibitors. The existing literature suggests that both
cisplatin and irradiation may enhance PD-L1 expression, potentially explaining the late-line success
observed in this case, mirroring other documented instances [3,4]. Growing evidence supports
the combination of radiotherapy with immune checkpoint inhibitor therapy [4-6], as indicated by
similar case reports [7], although others suggest caution [8]. This case exemplifies the unpredictable
and individual nature of cancer treatment outcomes and highlights the importance of personalized
medicine. It also underlines the potential of revisiting previously failed therapies under altered
physiological contexts, such as changes in PD-L1 expression induced by specific treatments. While
conclusions drawn from a single case are inherently limited, this patient’s experience offers valuable
insights into the complex dynamics between cancer biology, treatment history, and therapeutic
response. It underscores the critical need for ongoing research and the accumulation of detailed case
studies to enhance our understanding of how treatments can be optimized based on individual patient
profiles, providing hope and potentially life-extending options for those facing advanced cancers.
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Would compassion be able to intervene?

1 2

Tadashi Nishimura, m.o,, pu.0.* () and Hajime Fujimoto, w.o., pr.0

1Department of Pulmonary Medicine, Mie Chuo Medical Center, Tsu, Japan and 2Department of Pulmonary and
Critical Care Medicine, Mie University Graduate School of Medicine, Tsu, Japan

To the editor,

As someone who has been involved in the treatment of lung cancer, I was impressed by
the work in 2010 of Dr. Temel and colleagues that early palliative treatment improves overall
survival (Temel et al. 2010). Most recently, Dr. Temel and colleagues’ approach of providing
stepped palliative care was published (Temel et al. 2024). These trends indicate that palliative
care remains important in lung cancer treatment. However, I guess that the problems in imple-
menting these papers are the uneven distribution of palliative care specialists in different regions
and the differences in individual physicians’ attitudes toward patients and palliative care.

The study by Andrea Bovero et al. is a great study that relates patient dignity and symptoms
to the abstract concept of physician compassion (Bovero et al. 2024). I try to be a good clinician
to my patients, and this is an excellent study that shows what that is and what behaviors are
important to them. However, as the authors mention, there are some limitations to this study. It
is a cross-sectional study and only healthcare providers willing to participate were selected, and
these could be biases. Most shockingly, The compassion patient survey (COMP_PT) was asso-
ciated with the Patient Dignity Inventory (PDI), whereas the compassion healthcare provider
survey (COMP_HCP) was not. Does this mean that it is difficult to intervene in the PDI by edu-
cating and raising awareness among health care providers? And are there currently intervention
studies underway or planned to address these? I intend to personally instruct other health care
providers on the content of the COMP_PT and HCP from this study, but I would like to hear
the authors’ next steps. If these results are to be used in an intervention study, I guess that a
prospective study is needed to compare the results of the introduction of education at different
facilities and to compare patient dignity and symptoms over time.

Of the 2 problems indicated in the first paragraph, the problem of uneven distribution of
palliative care physicians has begun to show evidence of using remote technology (Greer et al.
2024). In order to provide optimal palliative care to more patients, I hope that the study by
Andrea Bovero et al. and the education using it will eliminate the differences in awareness among
individual physicians.

Competing interests. The authors have no conflict of interest to declare.
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Abstract

Pulmonary tumor thrombotic microangiopathy (PTTM) is a rare but fatal complication of a malignant tumor
that causes rapidly progressive pulmonary hypertension (PH). We report the case of a 70-year-old Japanese
man who died of respiratory failure during chemotherapy for gastric cancer and was diagnosed with PTTM at
autopsy. The autopsy revealed PTTM-specific histological findings, such as tumor emboli with fibrin-rich
clots and fibrocellular intimal proliferation in the vessels. The cancer cells were immunohistochemically
positive for vascular endothelial growth factor and platelet-derived growth factor, whereas the thickened
intima of the pulmonary arteries was positive for versican (VCAN). As VCAN is an extracellular matrix
proteoglycan that is dramatically increased in vascular lesions of pulmonary arterial hypertension, this case
demonstrates that VCAN is also involved in the pathophysiology of PTTM.
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Introduction

Pulmonary tumor thrombotic microangiopathy (PTTM) is a rare condition associated with neoplastic
disorders that leads to pulmonary hypertension (PH), right-sided heart failure, and a poor prognosis [1].
PTTM was first reported in 1990 by von Herbay et al. [2]. Most cases of PTTM originate from
adenocarcinoma, predominantly gastric cancer, and are diagnosed at autopsy. PTTM is found in 3.3% of
autopsy cases in patients with malignancy, but as high as 16% in patients with gastric cancer. Ante-mortem
diagnosis is rare and difficult because of the rapid progression of PH, right-sided heart failure, and death [1].

Platelet-derived growth factor (PDGF) and vascular endothelial growth factor (VEGF) produced by tumor
cells are considered to be important factors involved in fibrocytic proliferation of the vascular intima [3].
Versican (VCAN) is an extracellular matrix proteoglycan that is present in small amounts in normal blood
vessels, but it is known to increase dramatically in vascular lesions, suggesting the involvement of VCAN in
pulmonary vascular remodeling [4].

Herein, we report the case of a 70-year-old Japanese man who died of respiratory failure during
chemotherapy for gastric cancer and was diagnosed with PTTM at autopsy. We also showed VCAN
expression in the matrix of tumor emboli and in the intima and media of small pulmonary arteries with
tumor emboli, as well as VEGF and PDGF expression in tumor cells.

Case Presentation

A 70-year-old Japanese man was diagnosed with advanced gastric cancer (moderately differentiated tubular
adenocarcinoma, cT3N3M1) one year ago (Figure /). After 11 cycles of chemotherapy with tegafur-
gimeracil-oteracil potassium and cisplatin (CDDP), the patient was started on outpatient chemotherapy with
ramucirumab and paclitaxel three weeks before admission due to further progression of gastric cancer. The
patient was admitted to our hospital with bilateral lower-extremity edema and loss of appetite.
Ramucirumab and paclitaxel chemotherapy was discontinued.
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FIGURE 1: Histopathological findings of the gastric lesion on biopsy
(hematoxylin & eosin staining, original magnification 20x).

Moderately differentiated tubular adenocarcinoma was demonstrated.

Abdominal contrast-enhanced computed tomography (CECT) revealed gastric wall thickening, multiple
swollen lymph nodes, liver and bone metastases, and thrombosis of the inferior vena cava. Chest CECT
revealed bilateral pleural effusion but no pulmonary emboli (Figure 2). Anticoagulation with oral
rivaroxaban for inferior vena cava thrombosis was initiated on the first day, and fever was observed from the
sixth day. On the eighth day, the fever resolved; however, hematemesis and progressive anemia were
observed, and anticoagulation therapy was discontinued. On the same day, oxygen administration was
started owing to decreased oxygen saturation, but there was no improvement; his respiratory condition
worsened, and he died on the 18th day.
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FIGURE 2: Contrast-enhanced computed tomography of the chest
demonstrates bilateral pleural effusion but no pulmonary emboli.

An autopsy was performed with the approval of the patient’s family. Macroscopically, a Borrmann type 3
lesion (85%35 mm), which formed an ulcer and had an indistinct border with the surrounding area, was
observed at the greater curvature of the middle of the stomach corpus, with erosion and ulcerative and
infiltrative lesions in the upper body of the stomach. Microscopically, a poorly differentiated
adenocarcinoma was detected (Figure 3) that had invaded the muscularis propria and showed severe
vascular invasion in the muscularis propria and subserosa. Peripancreatic, para-aortic, and perigastric lymph
node metastases were detected, as well as metastases in the liver, adrenal gland, and bone marrow.

FIGURE 3: Histopathological findings of the gastric lesion on autopsy
(hematoxylin & eosin staining, original magnification 20x).

Poorly differentiated adenocarcinoma was demonstrated.
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In the respiratory system, the weight of both lungs increased (left: 420 g, right: 515 g), with congestion and
edema, and metastasis was observed in the hilar lymph nodes, but not in the lung parenchyma. No obvious
thrombi were detected in the pulmonary artery or its main branches (Figure 4). Microscopically, diffuse
multiple tumor emboli and clot formation were observed in the small pulmonary arteries and arterioles
throughout both lungs, and fibro-cellular intimal proliferation was observed in the intima of these vessels
(Figure 5). Organized thrombi and vascular recanalization were also observed. All these findings are
characteristic of PTTM. No evidence of carcinomatous lymphangiosis was observed.

FIGURE 4: Grossly, the right lung demonstrated edematous tissue and
congestion, along with metastasis in the lymph node (indicated by the
white arrow).

FIGURE 5: Immunohistochemical findings of the metastatic cells in the
small pulmonary arteries.

a) Hematoxylin and eosin staining (original magnification 20x). b) Staining for vascular endothelial growth factor
(VEGF) (original magnification 20x); positive in the cytoplasm of tumor cells (indicated by black arrowhead). c)
Staining for platelet-derived growth factor (PDGF) (original magnification 20%); positive in the cytoplasm of tumor
cells (indicated by black arrowhead).

The final diagnosis was PTTM owing to a poorly differentiated adenocarcinoma of the stomach.
Immunohistochemical staining of the PTTM lesion was performed for VEGF using an anti-VEGFA antibody
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(mouse monoclonal, ab1316), PDGF using an anti-PDGF AA antibody (rabbit polyclonal, ab216619), and
VCAN using an anti-VCAN antibody (rabbit monoclonal, ab270445). The expressions of VEGF and PDGF
were detected in tumor cells that adhered to the vascular intima (Figure 5). VCAN was detected in the matrix
of tumor emboli and within the intima and media of the small pulmonary arteries and small arterioles with
tumor emboli but was only weakly expressed in the surrounding alveolar wall and not in tumor cells (Figure
6).

FIGURE 6: Inmunohistochemical findings of versican (VCAN) (original
magnification 20x).

a) Versican is expressed in the cytoplasm of proliferating intimal cells and vascular smooth muscle cells (indicated
by black arrowhead) but was not detected in tumor cells. b) Very weak or no expression in the alveolar wall.

Discussion

PTTM is a rare but fatal disease characterized by rapidly progressive hypoxia and PH. Ante-mortem
diagnosis of PTTM is currently challenging, apart from only a few cases, including pulmonary aspiration
cytopathology [5,6]. Although chemotherapy, anticoagulation, steroids, oxygen therapy, and medications
used to treat pulmonary arterial hypertension (PAH) are applied, the optimal management of PTTM has not
been determined. PTTM is pathologically considered the result of tumor emboli-induced coagulation
cascade activation, fibrin clot formation, and fibrocellular intimal proliferation, leading to vascular luminal
stenosis, mainly in the pulmonary arterioles and small arteries [1-6]. Although the mechanism is not fully
understood, complex interactions between tumor cells, endothelial cells, smooth muscle cells, and
inflammatory cells via cytokines and growth factors, such as VEGF and PDGF, are considered to play crucial
roles in PTTM [1,7,8]. Therefore, it is important to inhibit this intimal proliferation to improve PH.
Moreover, PH can be partially or completely controlled by imatinib (PDGF receptor antagonist) and
bevacizumab (VEGF receptor inhibitor) |7,8]. In this case, the expression of PDGF and VEGF in tumor cells
was also confirmed, and these molecular-targeted agents may have been useful. However, in PTTM with
progressive dyspnea, the effects of molecular-targeted agents are limited or ineffective.

In addition, we observed VCAN expression in vascular lesions. VCAN is a large chondroitin sulfate-
containing proteoglycan that interacts with hyaluronan through specific domains in its core protein and is
mainly derived from smooth muscle cells and adventitial fibroblasts [4]. VCAN is expressed in many tissues
during embryogenesis and at low levels in healthy adult tissues. However, VCAN is rehashed and
accumulates in inflammation and mechanical stress. VCAN plays a role in wound healing and tissue
remodeling [9]. For example, VCAN accumulation occurs in various human lung diseases, especially in
vascular lesions in PAH [4]. PAH is characterized by vasoconstriction, wall thickening of the pulmonary
arteries, and increased vascular resistance. Increased VCAN expression has also been observed in malignant
tumors [9]. PAH, which is caused by PTTM, is characterized by the remodeling of the pulmonary vasculature
rather than mechanical obstruction by tumor cells. However, an interesting point in our patient is that
immunohistochemical staining shows no expression of VCAN in tumor cells. The signals from PDGF and
VEGF stimulate the formation of VCAN-hyaluronan aggregates in the extracellular matrix and the expansion
of the extracellular matrix [10]. This may result in the increased synthesis of VCAN. VCAN-hyaluronan
aggregates also provide a permissive environment for arterial smooth muscle growth [4]. In addition,
inhibition of VCAN blocks the proliferation of smooth muscle cells, suggesting a key role in arterial
remodeling in vascular disease [11]. Thus, we also speculate that VCAN is involved in the pathogenesis of
PTTM, leading to the discovery of specific antiproliferative agents.

Conclusions

In PTTM, PH is caused by the intimal fibrocellular proliferation of the pulmonary arteries or arterioles. In
this case, we confirmed the expression of VEGF and PDGF in tumor cells, and VCAN in the vascular lesions,
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using immunohistochemical staining. It is possible that VCAN is induced by these growth factors and
contributes to the intimal thickening.
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< Abstract>

Isolated ACTH deficiency with depression
and subacute progressing cognitive impairment.
Report of an elderly case.
by
Katsumasa MURAI, M.D. & Takeo KITAGAWA, M.D.
from
Department of Neurology, National Hospital
Organization Mie Chuo Medical Center,

Tsu, Mie 514-1101, Japan.

We encountered a patient with isolated ACTH defi-
ciency accompanying depressive mood, loss of motiva-
tion and cognitive impairment. A 76-year-old man was
first referred to local hospital on July 2001 with appe-
tite loss, loss of motivation and general fatigue. Neuro-
logical examination revealed marked muscular rigidity
and contracture of major joints of lower extremities.
The brain MRI findings were multiple lacunar infarcts
in the bilateral putamen and thalamus. Cerebrospinal
fluid findings were normal. Electroencephalograms
(EEGs) displayed bilateral diffuse theta waves. After
hospital admission, he had aspiration pneumonia with
hypoxia, and congestive cardiac failure. Serum ACTH
level and serum cortisol level were under normal
range. Endocrinological studies disclosed isolated
ACTH deficiency.

The results of other studies were compatible with
a diagnosis of isolated ACTH deficiency. Symptoms
including muscular rigidity and cognitive impairment
were dramatically improved by glucocorticoids supple-

mentation therapy.
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Fig. 1 Contrast-enhanced CT image. Small cysts
were observed in the greater curvature of the gas-
tric anterior vestibule, and they were continuous
with the stomach wall.

Fig.2 MRI image. The small cysts were continu-
ous with the muscular layer of the stomach wall.

Fig. 3 Upper gastromtestlnal endoscopy. A gentle elevation was observed in the anterior
part of the greater curvature with a slight depression at the top. Endoscopic ultrasound
image. The small cyst shared the fourth layer of the stomach.
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Fig. 4 Operative findings. a: A small cyst was continuously present on the stomach

: -

wall. b: Vasa recta was dissected, and gastroepiploic artery was preserved. c: The tumor
was dissected from the submucosal layer of the stomach. d: Continuous suturing and
closed defect in the seromuscular layer of the gastric wall.
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Fig. 5 Findings of the resected specimen. A 2.5-
cm white-colored tumor, which had gastric mucosa,
was observed.
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Fig. 6 Histopathological findings. In the mucosa, gastric glandular epithelium and

S

- S

gastric body gland were observed (D HE stain, X 20), and duct-like structures were
observed around the recess (@ HE stain, X 40), with Langerhans islets observed
in the surrounding area (® HE stain, X 100). In the surrounding stroma, significant
inflammatory cell infiltration and fibrous connective tissue proliferation were observed.
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Table 1 Lapaloscopic resections of adult gastric duplication cyst

Author Re}[/)g;trmg Case Location Size Operative procedure
Uchida™® 1997 62F U, Less 34mm LPG (detail unclear)
Maeda" 1999 34F U, Less — LPG (detail unclear)
Kanemoto® 2005 29F U,Gre 70mm LPG (detail unclear)
Okano® 2006 70M U, Less 40mm LPG (automatic suturing machine)
Kubo™ 2010 26 F U, Post 55mm SILPG (dissecting the muscular layer)
Ooshima® 2013 83F L,Gre 47mm LADG
Oowada' 2013 41F L, Gre 20mm LDG
Tachi» 2014 35F U, Post 30mm LPG (full-thickness incision)
Kanda? 2015 20F L,Gre 90mm LPG (detail unclear)
Takada® 2017 71F L,Gre 40mm LPG (full-thickness incision)
Kajihara® 2018 57M U,Gre 50mm LPG (automatic suturing machine)
Okada» 2019 41 F U, Less 40mm LPG (dissecting the muscular layer)
Takahashi® 2020 36F M,Gre 20mm LPG (full-thickness incision)
Watanabe® 2020 34M U, Gre 40mm LPG (detail unclear)
Inoue? 2021 42M U, Gre 50mm LPG (full-thickness incision)

LPG: laparoscopic partial gastrectomy; SILPG: single-incision laparoscopic partial gastrec-
tomy; LADG: laparoscopy-assisted distal gastrectomy; LDG: laparoscopic distal gastrectomy
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A Case of Laparoscopically Resected Adult Gastric Duplication Cyst

Taizo Hayashi? Takuya Mizugami? Ai Tatsumi®? Mami Hayashi?
Takao Omori? Akitoshi Matsuda? Yu Nobuoka? Hiroyuki Yuasa? and
Makoto Shimomura?

UDepartment of Surgery, Mie Chuo Medical Center,
?Department of Surgery, Matuszaka Chuo General Hospital

A 23-year-old woman with no significant medical history presented with epigastric pain. Upon thor-
ough examination , a 2.5-cm cystic tumor continuous with the muscular layer of the stomach was
identified in the anterior wall of the gastric fundus, raising suspicion of a gastric duplication. Subse-
quently, the patient underwent a laparoscopic local resection of the stomach. The gastric wall near the
tumor was dissected between the muscular layer and submucosal layer and then excised. The muscu-
lar defect was closed using interrupted sutures and barbed sutures. No communication with the gas-
tric lumen existed. Pathological assessment revealed the presence of gastric mucosa, including gastric
fundic glandular epithelia and gastric body glands, continuous with the muscular layer within the
cyst. Additionally, Langerhans islets were observed, confirming the diagnosis of gastric duplication.

Gastric duplication is a congenital disorder that can occur in any part of the gastrointestinal tract,
from the tongue base to the anus. The most common site of occurrence is the ileum, accounting for
approximately 35%-53% of cases, whereas cases of gastric duplication are rare, comprising only 3%-
8%. Symptoms often manifest during childhood, with abdominal pain being a common presentation.
Adult-onset cases are uncommon. Moreover, literature on laparoscopic surgery for adult cases of gas-
tric duplication is limited. Therefore, we report this case of an adult gastric duplication, which was
successfully resected by laparoscopy.

Key words: duplication cyst of the stomach, gastric duplication, laparoscopic surgery
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ORIGINAL ARTICLE

Impact of Delayed Postoperative Rehabilitation on Patients
with Valvular Heart Disease: A Retrospective Cohort Study

Kohei Ochiai, RPT P Issei Kameda, RPT ? Yuki Kato, MD ® Miho Shimizu, RPT, PhD € and

Ryo Momeosaki, MD, PhD, MPH Y

Objectives: Delayed initiation of postoperative rehabilitation may be detrimental for improving
everyday activities in postoperative patients with valvular heart disease. Rehabilitation is es-
sential for postoperative valvular heart disease; however, the effective starting time of rehabilita-
tion is unknown. This study aimed to investigate whether a delay in postoperative rehabilitation
affects outcomes in patients after waiting for surgery for valvular heart disease. Methods: Data
from the JMDC database were extracted for 4330 patients diagnosed with valvular heart disease
and who underwent surgery within 5 days of admission. Patient characteristics were compared
between the usual rehabilitation group (started rehabilitation within 2 days postoperatively) and
the delayed rehabilitation group (started rehabilitation at 3—5 days postoperatively). The pri-
mary outcome was hospitalization-associated disability (HAD); that is, the proportion of patients
who showed a decline in the Barthel Index during hospitalization. Barthel Index at discharge,
pulmonary complications following hospitalization, and postoperative complications were the
secondary outcomes. Outcomes were compared in the usual and delayed rehabilitation groups
after propensity score matching. Results: Of the 4330 patients, 3845 patients were assigned to
the usual rehabilitation group, and 485 patients were assigned to the delayed rehabilitation group.
After propensity score matching, statistical analysis was performed on the usual and delayed
rehabilitation groups, which each contained 418 patients. The delayed rehabilitation group had
significantly higher rates of HAD (10.5% vs 8.1%) and respiratory complications (14.8% vs 11.2%)
than the usual rehabilitation group. Conclusions: Delayed postoperative rehabilitation may be
associated with poor prognosis in patients with valvular heart disease.

Key Words: early rehabilitation; hospitalization-associated disability; postoperative complication;

retrospective cohort study; valvular heart disease

INTRODUCTION

Valvular heart disease is a major cardiovascular disease
worldwide, and the burden of disease associated with valvu-
lar heart disease is expected to increase over the next several
decades.) Rheumatic valvular disease in young adults and
aortic stenosis, mitral regurgitation, and aortic regurgitation
in the older adults are common valvular diseases worldwide.?
In developed countries, aortic stenosis and mitral regurgita-
tion are showing increased prevalence as populations age,

and chronic hypertension, atherosclerosis, and other cardio-
vascular diseases are becoming more common." In develop-
ing countries, the prevalence of rheumatic valvular disease is
increasing, likely caused by decreased premature mortality
that has resulted from improved availability of antibiotics
and echocardiography.) Aortic valve disease is associated
with aging and chronic cardiovascular disease, accounting
for 61% of deaths caused by valvular heart disease.” Surgical
valve replacement for aortic valve disease has been reported
to reduce symptoms and improve survival.> In Japan, the
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need for treatment of valvular heart disease is increasing;
among cardiac surgery cases, the number of valve surgery
cases is the highest.?)

More than 50% of patients hospitalized for valvular heart
disease developed hospitalization-associated disability
(HAD), 90% of whom underwent surgery.”) Fifty percent of
patients who begin walking more than 6 days after surgery
develop HAD, suggesting that early rehabilitation is sig-
nificant for HAD prevention.?) In cases of acute heart failure,
early rehabilitation is associated with maintenance of the
Barthel Index (BI).” Starting rehabilitation within 3 days
following coronary artery bypass graft (CABG) surgery has
been reported to improve activities of daily living (ADL) at
discharge.!”’ However, the effectiveness of early rehabilita-
tion has not been reported in the postoperative period for
valvular heart disease. In general, early and aggressive reha-
bilitation is performed in the intensive care unit (ICU).!l1?
Early rehabilitation in the ICU is safe and effective in main-
taining ADL.'? In patients undergoing CABG surgery, early
postoperative rehabilitation was effective in improving ADL
at discharge.!” Although early postoperative rehabilitation
for valvular heart disease is widespread,'¥) the disadvantages
of delayed rehabilitation are unknown. This study aimed
to determine whether delayed rehabilitation affects patient
outcomes after waiting for surgery for valvular heart disease.

MATERIALS AND METHODS

Study Design and Data Source

This retrospective cohort study used a hospital-based
database developed by JIMDC. As of June 2023, the IMDC
database contained Diagnosis Procedure Combination
(DPC) survey data of approximately 16 million cases from
830 participating hospitals.'” Data including administra-
tive claims and some clinical details were collected for all
inpatients discharged from the participating hospitals. The
following patient data are included in the database: age, sex,
diagnosis, and comorbidities recorded in the International
Statistical Classification of Diseases, 10th Revision (ICD-10)
codes. The attending physicians recorded all diagnoses and
comorbidities. In previous studies using the DPC database,
the specificity of medical record data for diagnosis exceeded
96%, with 50%-80% sensitivity.'® The overall diagnostic
validity was high, suggesting that it can be a relatively ac-

curate surrogate for clinical data.

Participants
Patients admitted to the participating hospitals between

April 2017 and December 2022 and had a valvular heart
disease diagnosis (ICD-10 codes K554 and K555) were se-
lected. Patients who underwent surgery for valvuloplasty and
valve replacement within 5 days of admission were included.
The following exclusion criteria were used: admitted to the
emergency department; did not start rehabilitation within 5
days postoperatively; underwent transcatheter valve therapy;
missing BI score; underwent surgery after 5 days of admis-
sion; underwent coronary artery bypass grafting or multiple
heart surgery, including coronary artery bypass grafting. Pa-
tient characteristics were compared between the group that
started rehabilitation within 2 days postoperatively (usual
rehabilitation group) and the group that started rehabilitation
at 3—5 days postoperatively (delayed rehabilitation group).
For each group, rehabilitation was initiated and supervised
by a physical or occupational therapist. The database used
in this study is an administrative claims database. In Japan,
costs for rehabilitation services lasting more than 20 min
are reimbursed by national health insurance. Therefore, we
only used data on the number and date of provision of reha-
bilitation services. The Ethics Committee of Mie University
determined that no ethical review was required for studies
using the JIMDC database, because this database is generally
available and widely used in research. Because the JIMDC
provided deidentified and unlinked data, informed consent
was not required.

Outcomes

To evaluate independence at admission and discharge,
ADL status was measured using the BI, which is a 10-item
scale that measures the ability to eat, groom, bathe, toilet,
dress, walk, transfer, and climb stairs as well as the status of
fecal and urinary incontinence. The BI is calculated by add-
ing 5, 10, or 15 points for each variable (final score=0-100
points). In this study, the primary outcome was HAD; that is,
the proportion of patients who showed a decline in BI during
hospitalization.!”) Secondary outcomes were BI at discharge,
pulmonary complications following hospitalization, and
postoperative complications including pneumonia, pressure
ulcers, and deep vein thrombosis.

Statistical Analysis

Continuous data were presented as mean =+ standard de-
viation, and differences were analyzed using Student’s ¢-test.
Categorical data were presented as percentages, and differ-
ences were analyzed using the y? test. One-to-one propensity
score (PS) matching was performed between the usual and
delayed rehabilitation groups, and the PS was calculated us-
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’ Patients with valvular heart disease (n = 10,006)

Excluded patients

+ Emergency department admission (n = 2,039)

+ Underwent transcatheter valve therapy or multiple heart surgery (n = 1,823)
- Underwent surgery after 5 days of admission (n = 1,359)

- Did not start rehabilitation within 5 days postoperatively (n = 254)

* Missing Barthel Index score (n = 201)

‘ Eligible patients for analysis (n = 4,330) ‘

\
|

|

Usual rehabilitation group
(n = 3,845)

Delayed rehabilitation group
(n = 485)

Propensity score matching

Usual rehabilitation group
(n=418)

Delayed rehabilitation group
(n=418)

Fig. 1. Flowchart of patient selection.

ing a multivariate logistic regression model with the follow-
ing independent variables: sex, age, BI on admission, ICU
length of stay, days on ventilator, Hospital Frailty Risk Score
(HFRS), body mass index, year of admission, number of
beds, atrial fibrillation as comorbidity at admission (ICD10:
1480-1489), chronic kidney disease (ICD10: N181-N189),
and heart failure (ICD10: 1110, 1500, I501, and 1509). In addi-
tion to one-to-one PS matching, nearest neighbor matching
was performed using a caliper of 0.2 standard deviations
from the pooled PS.

HFRS is a scale for frailty risk assessment using a weighted
score based on the ICD-10. A high HFRS indicates a high
frailty risk.'® The HFRS is highly consistent with scores on
common frailty rating scales and can predict adverse events,
including in-hospital death and readmission, in patients with
heart failure, pneumonia, hip fracture, vertebral compres-
sion fracture, and COVID-19, which are common in the older
adult population.!®-22)

The threshold for statistical significance was P<0.05.
Statistical analyses were performed using Statistical Pack-
age for the Social Sciences version 30 (IBM, Armonk, NY,
USA).

RESULTS

During the study period, 10,006 patients hospitalized
for valvular heart disease were identified from the JMDC
database. After applying the exclusion criteria, 4330 patients
with valvular heart disease were eligible for this study (Fig.
1).

The patient characteristics are summarized in Table 1.
Before PS matching, 3845 patients were included in the usual
rehabilitation group and 485 patients were included in the
delayed rehabilitation group. Patients in the delayed reha-
bilitation group had significantly higher HFRS and longer
ICU stay than those in the usual rehabilitation group. After
PS matching, the usual rehabilitation group and the delayed
rehabilitation group each contained 418 patients. The base-
line patient characteristics were well balanced between the
groups.

The outcomes are summarized in Table 2. Before PS
matching, patients in the delayed rehabilitation group had
significantly lower BI at discharge, more pulmonary compli-
cations (14.6% vs 8.2%), more postoperative complications,
and higher HAD incidence (10.9% vs 5.9%) than those in the
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Table 1. Patient characteristics

Unmatched groups

Propensity score-matched groups

Characteristic Usual rehabilita- Delayed rehabil- P value  Usual rehabilita- Delayed rehabil- P value
tion (n=3845) itation (n=485) tion (n=418) itation (n=418)
Male sex 2180 (56.7) 273 (56.3) 0.864 227 (54.3) 235 (56.2) 0.578
Age, years 69.5+11.8 68.3+13.2 0.05 69.6 £ 11.9 68.8 +12.6 0.173
BMI, kg/m? 22.6+3.2 229+34 0.081 22.8+3.1 229+34 0.323
BI at admission 98.5+8.7 97.7+10.8 0.104 97.8£10.8 97.7+10.7 0.439
HFRS 1.3+£2.0 1.6+1.8 0.001 1.5+23 1.6+1.8 0.251
Alb, g/dL 3.5+£09 34+10 0.697 35+0.8 34+£09 0.358
Hb, g/dL 120+23 1.6 £2.0 0.174 11.8+£2.3 11.5+2.1 0.229
ICU LOS, days 34+26 37+23 0.029 34+3.1 3.6+£23 0.095
Time on ventilator, days 1.6+3.3 1.7+3.6 0.403 1.5+24 1.6+37 0.218
Year of admission
2017 233 (6.1) 14 (2.9) 0.016 15 (3.6) 14 (3.3) 0.872
2018 615 (16.0) 64 (13.2) 58 (13.8) 52 (12.4)
2019 810 (21.1) 101 (20.8) 90 (21.5) 85 (20.3)
2020 798 (20.8) 111 (22.9) 91 (21.8) 95 (22.7)
2021 785 (20.4) 102 (21.0) 94 (22.5) 89 (21.3)
2022 604 (15.7) 93 (19.2) 70 (16.7) 83 (19.9)
Number of beds
20-99 176 (4.6) 11 (2.3) <0.001 27 (6.5) 9(2.2) 0.037
100-199 200 (5.2) 84 (17.3) 63 (15.1) 69 (16.5)
200-299 335(8.7) 2(0.4) 2 (0.5) 2(0.5)
300-499 1283 (33.4) 156 (32.2) 136 (32.5) 130 (3L.1)
500— 1851 (48.1) 232 (47.8) 190 (45.5) 208 (49.8)
Hospital LOS, days 21.0+10.6 217+ 11.3 0.202 21.0 £ 10.9 21.6 £ 11.6 0.211
Atrial fibrillation 835 (21.7) 126 (26.0) 0.033 94 (22.5) 106 (25.4) 0.331
CKD 110 (2.9) 8 (1.6) 0.123 8(1.9) 6(1.4) 0.59
Heart failure 895 (23.3) 128 (26.4) 0.128 98 (23.4) 112 (26.8) 0.264

Data given as number (percentage) or mean + standard deviation.
BMI, body mass index; BI, Barthel index; HFRS, Hospital Frailty Risk Score; Alb, albumin; Hb, hemoglobin; ICU, inten-
sive care unit; LOS, length of stay; CKD, chronic kidney disease.

usual rehabilitation group. After PS matching, patients in the
delayed rehabilitation group had more pulmonary complica-
tions (14.8% vs 11.2%) and higher HAD incidence (10.5% vs
8.1%) than those in the usual rehabilitation group.

DISCUSSION

We used data from a nationwide database to investigate the
association between delayed postoperative rehabilitation and
outcomes in patients that were hospitalized and had surgery
for valvular heart disease. In postoperative patients with
valvular heart disease, delayed early rehabilitation was as-
sociated with higher incidence of pulmonary complications
and HAD when compared with usual rehabilitation.

In post-CABG and post-aortic surgery, early rehabilitation
within 3 days postoperatively was associated with improved
ADL at discharge, shorter ICU stay, and shorter hospital
stay.!23 In this study, the delayed rehabilitation group had
a higher incidence of HAD, which was consistent with the
results of previous studies that showed early rehabilitation
leads to better outcomes. However, in our study, the timing
of rehabilitation was not associated with the length of hospi-
tal stay. Ventilator use time is associated with the ICU length
of stay and hospital length of stay.?¥) Herein, the difference
in ICU stay was only 0.2 days, and no difference in ventilator
use time was observed between the delayed and usual re-
habilitation groups. Therefore, both groups were considered
stable, and the timing of the initiation of rehabilitation had

Copyright © 2025 The Japanese Association of Rehabilitation Medicine



Prog. Rehabil. Med. 2025; Vol.10, 20250006

Table 2. Comparison of outcomes

Unmatched groups Propensity score-matched
groups
Outcome Usual Delayed P value Usual Delayed P value
rehabilitation  rehabilitation rehabilitation  rehabilitation
(n=3845) (n=485) (n=418) (n=418)
BI at discharge 977+ 11.2 95.6 + 14.8 0.003 96.8 + 14.2 96.0 +13.9 0.209
Pulmonary complications 284 (7.4) 71 (14.6) <0.001 32(77) 62 (14.8) 0.001
Postoperative complications 31+£23 37+£2.0 <0.001 34+£24 3.8+£2.0 0.019
HAD 201 (5.2) 53 (10.9) <0.001 24 (5.7) 44 (10.5) 0.011

Data given as number (percentage) or mean + standard deviation.
BI, Barthel index; HAD, Hospitalization-associated disability.

little impact on the length of hospital stay.

Pulmonary complications frequently occur following
cardiac surgery.”>) Postoperative complications occur in
58% of postoperative cardiac surgery patients, which delay
hospital discharge and functional recovery.?®) Postoperative
pulmonary complications would reduce BI at discharge. In
the present study, the delayed rehabilitation group had more
pulmonary complications and higher HAD incidence, sug-
gesting that delayed rehabilitation can lead to pulmonary
complications and HAD.

Because no difference was observed between the usual and
delayed rehabilitation groups for the length of ICU stay or
the number of days on a ventilator, disease severity was not
the main reason for delayed rehabilitation. Facility and doc-
tor preferences, surgery on weekends, and other factors may
be the primary causes of delayed rehabilitation.

In the study of Sezai et al.,'¥ early rehabilitation of post-
operative patients with valvular heart disease was reported
to increase BI at discharge and reduce the length of hospital
stay, suggesting the effectiveness of early rehabilitation.
Their study included emergency admissions and those who
underwent multiple surgeries. We limited our study to pa-
tients waiting for surgery and excluded those who underwent
multiple surgeries. Previous studies probably included more
severely ill patients than ours. A previous study included
patients who had surgery within 2 weeks of admission and
those who started rehabilitation within 2 weeks after surgery.
In contrast, our study included patients who had surgery
within 5 days of admission and those who started rehabilita-
tion within 5 days after surgery. We unified the severity of
illness in patients and set a short postoperative rehabilitation
initiation period to investigate the negative effects of even a
slight delay in rehabilitation.

Following cardiac surgery, patients with impaired physical
function not only develop HAD but also have high readmis-

sion rates.?”) Among patients with HAD, less than 50% of
older adults recover to their premorbid ADL within 1 year
of hospital discharge, with high nursing home placement
and death rates.”®?) HAD is a poor prognostic factor, and
HAD prevention is significant. Delayed postoperative reha-
bilitation may increase HAD and decrease life expectancy.
Therefore, preventing delayed rehabilitation is a feasible
alternative for improving the quality of care in acute care.

The findings of this study suggest that delayed postopera-
tive rehabilitation is detrimental. However, owing to various
barriers, some hospitals are unable to implement early reha-
bilitation.’? These barriers may include structural barriers,
such as limited staff and equipment, and cultural barriers,
such as a lack of mobilization culture and early rehabilitation
not being a priority. Given that surgery is frequently per-
formed on Thursdays or Fridays, weekend rehabilitation may
be necessary for providing early rehabilitation. In addition,
we consider that there is further need for risk assessment of
ADL decline, rehabilitation for selected high-risk patients,
training of therapists, and interprofessional education.

This study has some limitations. First, we could not adjust
for variables not included in the database. Therefore, the
effects of unmeasured confounders, including intraopera-
tive findings and cardiac function, may be present. Cardiac
function at baseline could influence postoperative manage-
ment and outcomes, which could be a confounding factor in
this study. We adjusted for preoperative heart failure, so the
impact of heart function may have been reduced somewhat,
although the lack of data is a limitation of this study. Sec-
ond, given that data were not available after discharge, we
were unable to analyze long-term outcomes after discharge.
Furthermore, we did not have detailed information on the
rehabilitation programs or demographics of the therapists
who provided the rehabilitation. Despite these limitations,
this study showed that delayed rehabilitation was associated
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with an increased incidence of pulmonary complications
and HAD among postoperative patients with valvular heart
disease.

CONCLUSION

To widely disseminate early rehabilitation to postoperative
patients with valvular heart disease, we believe that further
training of therapists should be considered. Furthermore,
to determine the appropriate number of therapists to be
employed, research on the cost-effectiveness of early reha-
bilitation with outcomes such as preventing readmission is
needed. To confirm the effect of early rehabilitation on post-
operative patients with valvular heart disease, further stud-
ies including randomized controlled trials are warranted.
Delayed postoperative rehabilitation may be detrimental to
the prognosis of patients with valvular heart disease.
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Fig. 3
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5| Yamada2013) | 51 | F right | S*+bronchus l;:iﬁ:g N/A N/A peumonec tomy 2 N/A NA | gefiinib | 18M/dead
6| saooie) | 35 | F left | S*+bronchus + TBLB T2aN2MO | A | pneumonec omy | 202 | T2aNamo | miA CRT alive
7| Morio19) | 74 | M left s + TBLB T3NOMO B lobectomy 2e1 | T4@NOMO | 1A - 11M/dead
8 | Onodera2019) | 35 | F left st + TBLB TN2MO | IIA | pneumonec tomy 2 T2aN2M0 | IIA CRT 4Yfalive
9 our case o | M right s° + TBLB TIoNOMO | 1A3 lobectorny b | Tionomo | 142 - 10M/alive

Table 1. EEMEMERREORIHREH

M, male; F, female; TBLB, transbronchial lung biopsy; CRT: chemoradiotherapy, N/A, not available.
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Background: Saccular aneurysms (SAs) have been long studied in hemodynamics using computational
fluid dynamics (CFD), while dissecting aneurysms (DAs) remain unclear. To estimate which side of the
aneurysm ruptured, we evaluated the hemodynamics of the bilateral vertebral artery DAs (VADASs).
Case presentation: A 44-year-old male was diagnosed with subarachnoid hemorrhage by the rupture of
either side of bilateral VADAs. The rupture side could not be determined on admission (Day 0). CFD
was performed using a patient-specific geometry model obtained from 3-demensional (3D) rotational
angiography (RA) on day 1. We predicted that the right DA had ruptured based on the hemodynamics,
associated with flow stagnation and complexity in the ruptured SAs by a transient analysis with the
patient-specific blood flow velocity waveforms. After careful observation, gadolinium-enhanced MRI
on day 16 showed a contrast effect in the right wall and a change in the right shape was confirmed on
the second 3D RA on day 17. According to both imaging evaluations and CFD, the right was presumed
to be ruptured, and a flow-diverter stent was placed at the right VA. The right VADA did not re-
rupture for 12 months.

Conclusion: Our results indicated that hemodynamics of ruptured DAs would be similar to that of rup-
tured SAs.

© 2024 International Hemorrhagic Stroke Association. Publishing services by Elsevier B.V. on behalf of
KeAi Communications Co. Ltd. This is an open access article under the CC BY-NC-ND license (http://creati-
vecommons.org/licenses/by-nc-nd/4.0/).

Keywords:

Computational fluid dynamics
Rupture status

Bilateral vertebral artery dissecting
aneurysms

1. Introduction remodeling of aneurysm wall.'~* However, these studies were per-
formed on saccular aneurysms (SAs). Since there have been few
reports regarding the hemodynamics of dissecting aneurysms
(DAs), it is unclear whether DAs have similar hemodynamics to
SAs. We experienced a case of bilateral vertebral artery DAs
(VADAs) of which either side ruptured, resulting in subarachnoid

hemorrhage (SAH). We performed CFD on the DAs and successfully

Computational fluid dynamics (CFD) revealed the hemody-
namic characteristics related to rupture status, rupture point and

Abbreviations: 3D, 3-dimention; AFI, aneurysm formation indicator; CFD,
computational fluid dynamics; CT, computed tomography; CTA, computed tomog-

raphy angiography; D, dimension; DA, dissecting aneurysm; FV, flow velocity; LSA,
low shear area; LSAR, low shear area ratio; LWSS, low wall shear stress; MRI,
magnetic resonance imaging; NWSS, normalized wall shear stress; OSI, oscillatory
shear index; OVI, oscillatory velocity index; PA, parent artery; RA, rotational
angiography; RRT, relative residence time; SA, saccular aneurysm; SAH, subarach-
noid hemorrhage; VADA, vertebral artery dissecting aneurysm; VISTA, volume
isotropic turbo spin-echo acquisition; WSS, wall shear stress; WSSG, wall shear
stress gradient.

* Corresponding author at: Department of Neurosurgery, Mie University Grad-
uate School of Medicine, Tsu, Mie, Japan

E-mail address: masanori00010413@icloud.com (M. Tsuji).

https://doi.org/10.1016/j.hest.2024.04.006

identified the ruptured side by adapting the previously reported
hemodynamic parameters for the rupture status of SAs, which
are discussed in this case report.

2. Case presentation

A 44-year-old man was admitted to our hospital for SAH with a
chief complaint of headache and no history of head trauma. The
World Federation of Neurological Surgeons grade was Il. Non-

2589-238X/© 2024 International Hemorrhagic Stroke Association. Publishing services by Elsevier B.V. on behalf of KeAi Communications Co. Ltd.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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contrast head computed tomography (CT) on admission (day 0)
showed no laterality of the hematoma that was slightly significant
in the posterior fossa. (Fig. 1A). Three-dimensional (3D) CT angiog-
raphy (CTA) using an Aquilion One (Toshiba Medical Systems, Ota-
wara, Japan) showed no SA, but there appeared to be DAs in the
bilateral VAs (Fig. 1B). 3D rotational angiography (RA) using an
Allura imaging system (Philips Medical Systems, Best, Nether-
lands) was performed on day 1, and dilated and stenotic lesions
were observed in the intracranial portion of bilateral VAs
(Fig. 1C, E). The patient was diagnosed with bilateral VADAs pre-
senting SAH. However, because the ruptured side could not be
determined, the patient was under watchful observation with
repeated imaging studies. Gadolinium-enhanced vessel wall mag-
netic resonance imaging (MRI) (Ingenia Elition 3.0 T; Philips
Healthcare, Best, the Netherlands) was performed by the volume
isotropic turbo spin-echo acquisition (VISTA) on day 16 and
showed a contrast effect on the right DA wall (Fig. 1G). In addition
to the findings, 3D RA on day 17 revealed focal bulging on the dila-
tated lesion in the right DA. In contrast, the stenotic lesion of the
left DA improved (Fig. 1D, F). Based on the chronological findings,
the right VADA was determined to rupture and treated with a flow-
diverter stent placed from the right VA to the basilar artery. 3D RA
at 6 months after treatment showed spontaneous occlusion of the
left VADA, with similar findings at 12 months. The right VADA did
not re-rupture at 12 months, proving the efficacy of the treatment.

Initially, we planned to acquire the vessel geometry by 3D CTA
to perform CFD analysis including the proximal side of bilateral
VAs. However, 3D CTA showed a contrast defect at the stenotic
lesion of the left VADA (Fig. 1B). Therefore, the patient-specific
geometry models were generated from the virtual reality modeling
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language dataset using 3D RA. Based on the 3D vessel geometry,
vessels with a diameter of less than 1 [mm] were excluded and
their surfaces were smoothed using commercial software (3-
matic 16.0; Materialise Japan, Yokohama, Japan). Since the 3D RA
in the unilateral VA did not show the contralateral VA, it was nec-
essary to fuse them. The left VA was slightly visualized retro-
gradely from the confluence in the 3D RA of the right VA
(Fig. 1C). This finding was used as a clue to fuse the bilateral
geometries of VAs using the 3-matic (Fig. 2). The computational
hybrid meshes were generated with tetrahedral and prism ele-
ments (ICEM CFD 2021 R2; ANSYS, Inc., Canonsburg, PA, USA).
Sizes of tetrahedral elements ranged from 0.1 to 0.6 [mm)]. The ves-
sel wall was covered with six prismatic boundary layers, depend-
ing on the vessel diameter, to ensure an accurate local definition
of the velocity gradient. For a fully developed laminar flow, identi-
cal linear inlet extensions were added to the inlet boundaries of the
bilateral VAs'~” with the same linear length. The uniform exten-
sion length facilitated matching the timing of the developed lami-
nar flow reaching the aneurysm. Solving the continuity and Navier-
Stokes equations yielded 3D incompressible laminar flow fields in
the fluid domain. Numerical modeling was performed using a com-
mercially available CFD package (CFX 2021 R2; ANSYS, Inc. Canons-
burg, PA, USA). A blood density of 1056 [kg/m>®] and a blood
dynamics viscosity of 0.0035 [Pa-s] were assumed. A transient
analysis was performed using the patient-specific blood flow
velocity (FV) waveforms in bilateral extracranial vertebral arteries
obtained by phase contrast MRI (Fig. 1H) on day 8. Traction-free
boundary conditions were applied at outlets. The time steps were
0.0001 [s], and one pulsatile cycle was taken as output with initial
values specification of prior steady state analysis. The entire

Fig.1. A, Non-contrast head CT on admission (day 0) showing SAH that is slightly prominent in the posterior fossa. B, 3D CTA on day 0 showing bilateral VADAs. A black
arrowhead indicates contrast defect due to a stenotic lesion in the distal portion of the left VADA. C, 3D RA of the right VADA on day 1. A white arrowhead indicates the
retrogradely visualized left VA. D, 3D RA of the right VADA on day 17. A yellow arrowhead indicates newly appearing bulging on the right VADA. E, 3D RA of the left VADA on
day 1. F, 3D RA of the left VADA on day 17 showing improvement in the stenotic lesion in the left VA. G, Vessel wall MRI (gadolinium-enhanced VISTA T1-weighted imaging)
on day 17. 1 to 6 means distal to proximal cross sections. A white arrow indicates VA union. Yellow and green arrows indicate the right and left VAs, respectively. A pink
arrowhead indicates the area of strongest wall enhancement of the right VADA. H, Patient-specific blood flow velocity waveforms in bilateral extracranial VAs obtained by

phase contrast MRI on day 8 (pink, right VA; yellow, left VA).
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Fig.2. Definition of VADA domes and the PAs, and visualization of various hemodynamic parameters. A, Domes (pink) and PAs (green) defined to calculate hemodynamic
parameters; B, Streamlines of FV; C, WSS; D, LSA, the area with WSS values below the LWSS were LSA; E, OSI; F, WSSG; G, AF; and H, RRT.

Table 1
Morphological variables and hemodynamic parameters in the left and right dissecting
aneurysms.

Left aneurysm Right aneurysm

Morphological variables

Dome area, (cm?) 1.83 3.36
Dome volume, (cm?) 0.16 0.35
Hemod ic par s

FV, (m/s) 0.50 0.12
WSS, Pa 10.50 197
NWSS 0.61 0.42
OsI 0.01 0.06
WSSG, (Pa/mm) 9.46 1.97
LSAR 0.12 0.28
AFI 0.96 0.86
RRT, (1/Pa) 0.31 2.92
ovix 107! 0.09 0.36

AFI indicated aneurysm formation indicator; FV, flow velocity at aneurysm dome;
LSAR, low shear area ratio; NWSS, normalized wall shear stress; OSI, oscillatory
shear index; OVI, oscillatory velocity index; RRT, relative residence time; WSS, wall
shear stress; and WSSG, wall shear stress gradient.

dilated portions of the bilateral VAs were defined as aneurysms
and the proximal side of the aneurysm was defined as the parent
artery (PA) (Fig. 2A).

In previous reports, wall shear stress (WSS), normalized WSS
(NWSS), oscillatory shear index (OSI), WSS gradient (WSSG), low
shear area ratio (LSAR), aneurysms formation indicator (AFI), rela-
tive residence time (RRT), and oscillatory velocity index (OVI) were
significant hemodynamic parameters to determine the rupture sta-
tus of SAs.!" %% We defined low WSS (LWSS) as 10 % of time-
averaged WSS of PA, low shear area (LSA) as the area below LWSS,
and LSAR as the ratio of LSA to the entire dome.' We compared the
hemodynamic parameters between the right and left VADAs using
the vessel geometry on day 1 to determine which VADA had sim-
ilar hemodynamics to that of the rupture state of SAs.
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Morphological variables showed that the area and volume of
the right VADA were approximately twice as large as the left
one. Regarding to hemodynamic parameters, the right VADA had
lower WSS, NWSS, WSSG, and AFI, and higher OSI, LSAR, RRT,
and OVI than the left one (Table 1, Fig. 2).

3. Discussions

Ruptured VADA is reported to account for about 3 % of all SAH
cases.'” Among all VADA cases, 12-30 % were estimated to have
bilateral VADAs,'! in which the ruptured side may be problematic.
Identifying the rupture site by contrast effects even in the posterior
circulation aneurysms may be valuable for decision-making,
although the efficacy remains unknown in VADAs.!? The applica-
tion of CFD to bilateral VADAs presenting with SAH was only
reported in two cases. Kono et al reported that a VADA with lower
WSS was determined to be ruptured using the patient-specific
blood FV waveforms: however, the validity of the analyses was
not discussed, because bilateral VADAs were treated at a single ses-
sion before the shape change was observed.'> The other report
examined rupture status by measuring WSS, NWSS, OSI, WSSG,
and AFI in bilateral VADAs using the average blood flow waveform
of normal VAs. However, it failed to determine the rupture side due
to inconsistent results among parameters.'* At this point, it was
still unknown whether hemodynamic characteristics of CFD deter-
mined in ruptured SAs could be adapted to ruptured DAs or which
parameters related to rupture status in SAs should be substituted
in that in DAs. In our case, the rupture side in bilateral VADAs could
be determined by both contrast effects in the DA wall and changes
in the DA shape. Furthermore, by assessing all hemodynamic
parameters previously identified in determining the rupture status
in SAs'> 68915 with the patient-specific blood flow velocity wave-
forms, our results would contribute to a better understanding of
the hemodynamics characterizing the rupture status of DAs.

Many parameters have been developed to measure the hemo-
dynamic characteristics of SAs using CFD. The most representative
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parameter was WSS, which was related to aneurysm initiation,
growth, and rupture®*%1%17, NWSS, 0SI, and WSSG indicate the
time-averaged WSS of the entire dome divided by that of PA, the
fluctuation and gradient of WSS, respectively.>%*!'® AFI and RRT
were parameters associated with intra-aneurysm flow stagnation:
AFI was measured at a single point in the systolic phase and RRT
was calculated throughout the cardiac cycle®!. OVI was the fluctu-
ation of the velocity vector of the blood flow within the aneurysm
dome*®. In previous reports, WSS, NWSS, WSSG and AFI were
lower and OS], LSAR, RRT and OVI were higher in ruptured SAs than
unruptured ones' %89,

In other words, in SAs, the hemodynamic characteristics of rup-
tured aneurysms were intra-aneurysmal flow stagnation and com-
plex flow.? In this case, the hemodynamic characteristics of the
right VADA matched ruptured SAs in all of the parameters.

There were some limitations in this report. Firstly, this study
was based on a single case, so we cannot apply these findings to
a generalized strategy of bilateral VADAs. In the case of SAs, an
inflammatory cell-mediated pathway due to low WSS was
reported to cause the aneurysm wall to become fragile, leading
to rupture.'® On the other hand, VADA may be caused by trauma
or connective tissue diseases.'®?° It remains unclear whether the
hemodynamic characteristics of SAs and DAs, which differ mor-
phologically and pathologically, could be treated similarly. Sec-
ondly, in this case, we assumed that the dilated portions of
VADAs had ruptured, so we did not consider the possibility of
VADA rupture at the stenotic portion. We estimated which of the
bilateral VADAs was in ruptured status, and did not discuss the
rupture point. However, continued research on the hemodynamics
of DAs may lead to elucidating the hemodynamics of aneurysms
other than SAs.

4. Conclusions

Our results indicated that the hemodynamics of DAs would be
similar to that of SAs in terms of intra-aneurysmal flow stagnation
and complex flow.
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Abstract

Although dietary potassium restriction is an acceptable approach to hyperkalemia preven-
tion, it may be insufficient for outpatients with chronic kidney disease (CKD). Most outpa-
tients with CKD use community pharmacies owing to the free access scheme in Japan. The
MieYaku-CKD project included a community pharmacist-led nutritional intervention for die-
tary potassium restriction, with the goal of determining its efficacy for patients’ awareness of
potassium restriction and serum potassium levels in outpatients with CKD. This was a five-
community pharmacy multicenter prospective cohort study with an open-label, before-and-
after comparison design. Eligible patients (n = 25) with an estimated glomerular filtration
rate (eGFR) < 45 mL/min/1.73 m? received nutritional guidance from community pharma-
cists. The primary outcome was a change in serum potassium levels at 12 weeks post-inter-
vention. The eligible patients’ knowledge, awareness, and implementation of potassium
restriction were evaluated using a questionnaire. The median value of serum potassium
was significantly reduced from 4.7 mEq/L before to 4.4 mEq/L after the intervention [p <
0.001, 95% confidence interval (Cl): 0.156-0.500], with no changes in eGFR (p = 0.563,
95% ClI: -2.427-2.555) and blood urine nitrogen/serum creatinine ratio (p = 0.904, 95% Cl:
-1.793-1.214). The value of serum potassium had a tendency of attenuation from 5.3 to 4.6
mEq/L (p= 0.046, 95% Cl: 0.272—1.114) in the eGFR < 30 mL/min/1.73 m? group. A ques-
tionnaire revealed that after the intervention, knowledge and attitudes regarding dietary
potassium restriction were much greater than before, suggesting that the decrease in serum
potassium levels may be related to this nutritional guidance. Our findings indicate that
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implementing a dietary potassium restriction guidance program in community pharmacies is
feasible and may result in lower serum potassium levels in outpatients with CKD.

1 Introduction

Hyperkalemia is a life-threatening metabolic problem that can lead to cardiac arrest in extreme
cases [1]. Patients with chronic kidney disease (CKD) often acquire this condition, with an
incidence rate of 14-20% in patients with CKD [2]. Serum potassium levels > 5.5 mEq/L in
CKD may be associated with increases in acute- [3] and long-term [4] mortality. Therefore,
hyperkalemia is the most important adverse event that shortens lifetime in patients with CKD.
The mechanism of developing hyperkalemia is attributed to be reduced kidney function
because serum potassium is primarily extracted via urine. In fact, during CKD stage 3b [5],
urinary excretion rate is substantially reduced, and the occurrence of hyperkalemia events is
elevated [3]. While the prevalence of hyperkalemia in patients with CKD has recently
increased due to increased prescription of renin-angiotensin system inhibitors (RASi) [6, 7],
discontinuation of RASi [8], or mineralocorticoid receptor antagonists [9] due to hyperkale-
mia may be associated with a higher risk of death and major adverse cardiovascular events;
therefore, even drugs that cause hyperkalemia should be continued for the long-term progno-
sis of patients with CKD.

Dietary potassium restriction is a reasonable approach for preventing hyperkalemia and
has been advised for patients with CKD worldwide [10]. A meta-analysis revealed that dietary
potassium restriction can lower serum potassium levels [11]. However, because of influencing
factors that alter serum potassium levels, such as hydration level, acid-base status, glycemic
management, and gastrointestinal complications, it is challenging to identify the appropriate
potassium intake for specific patients with CKD [12]. Further complicating potassium restric-
tion is the fact that different foods have different potassium contents [13], and severe potas-
sium restriction in the diet (restricting vegetable and fruit intake) has been associated with
death regardless of CKD stage [14]. Various lifestyle habits (cigarette smoking, infrequent alco-
hol consumption, and low physical activity) and characteristics (younger age, higher body
mass index, male gender, and lower educational attainment) may be involved in low-adher-
ence to CKD-specific dietary recommendations, including potassium restriction [15], indicat-
ing that guidance regarding potassium restriction needs to be individualized to fit the patient’s
lifestyle and characteristics. Therefore, it is crucial that dietary potassium restriction be man-
aged by healthcare workers in conjunction with patients with CKD.

The role of the pharmacist extends beyond dispensing medications and plays an essential
role in health promotion and screening [16]. There are 61,715 community pharmacies in
United States, and 48.1% people live within 1 mile of any pharmacy [17]. Therefore, it goes
without saying that community pharmacies are highly accessible healthcare locations for many
outpatients with CKD. Hyperkalemia episodes occurred in 47.3% of the outpatients [3], indi-
cating that community pharmacists can help outpatients with CKD in restricting their potas-
sium intake. To the best of our knowledge, no information exists on the effects of community
pharmacist-led nutritional interventions on serum potassium levels in outpatients with CKD,
therefore, we hypothesized that the nutritional guidance provided by community pharmacists
for outpatients with CKD may be a useful technique for dietary potassium restriction.

The present study aims to investigate the influence of community pharmacist-led nutri-
tional guidance about dietary potassium restriction on the patient awareness and serum
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potassium levels in outpatients with CKD in a community setting (MieYaku Chronic Kidney
[MY-CKD] Project).

2 Martials and methods
2.1 Study design

This was a multicenter prospective cohort study with an open-label, before-and-after compari-
son design. This study was conducted in five community pharmacies belonging to the Tsu
Pharmaceutical Association. Cardiologists, registered dieticians, and pharmacists from the
National Hospital Organization Mie Chuo Medical Center (Mie, Japan) participated in this
study.

2.2 Participants

Urinary potassium excretion decreases estimated glomerular filtration rate (eéGFR) < 45 mL/
min/1.73 m? in the Japanese population [5], therefore, the cut-off value for eligible patients
with CKD was set at eGFR < 45 mL/min/1.73 m?. The inclusion criterion was adult outpa-
tients (age >18 years old) at Mie Chuo Medical Center with eGFR < 45 mL/min/1.73 m”. As a
result, the following patients were excluded from the study: patients (a) below the age of 18, (b)
with communication difficulties, (c) with hypokalemia (serum potassium level < 4.0 mEq/L),
(d) undergoing hemodialysis, (e) taking potassium preparations, and (f) who received a refill
prescription If the patient brought a refill prescription, serum potassium level could not be
evaluated because there is no need to visit the Mie Chuo Medical center during or after the
12-week follow-up period. Therefore, “those who received a refill prescription” was set as an
exclusion criterion.

2.3 Outcomes

All registered patients were followed up for 12 weeks. The following patients were excluded
from the outcome evaluation during the observation period: those with (1) changes in the dos-
age of drugs affecting serum potassium levels, such as RASi, mineralocorticoid receptor antag-
onists, loop diuretics, or potassium-binding agents; (2) hemodialysis introduction; and (3)
failure to complete the questionnaires at 12 weeks.

The primary outcome was the change in serum potassium levels from baseline (pre-inter-
vention, day 1) to 12 weeks (post-intervention, day 84). eGFR and blood urine nitrogen
(BUN)/serum creatinine ratio were assessed as indicators of renal function and hydration [18],
respectively. The development of acute kidney injury (AKI) was elucidated during the 12-week
follow-up period. An AKI was defined as an increase of at least 0.3 mg/dL in creatinine within
48 h or a 1.5-fold increase in creatinine, which is known or presumed to have occurred within
7 days [19]. Additionally, the difference between sodium and chloride levels (Na-Cl) mEq/L as
a surrogate marker of metabolic acidosis in the present study [20]. In a subgroup study, the
reduction of serum potassium levels was compared between eGFR < 30 and eGFR > 30 mL/
min/1.73 m>. Laboratory data were collected from Mie Chuo Medical Center’s elective medical
records.

The secondary outcome was the change in patients’ attitudes toward potassium restriction
at 12 weeks. Information about the questionnaire survey were listed in the S1 Methods. Ques-
tions 1 and 2 inquired about their understanding of hyperkalemia and potassium restrictions,
respectively. Questions 3 and 4 were designed to address attitudes toward potassium restric-
tion. Changes in the ratio between pre- and post-intervention were evaluated from questions 1
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to 4. In the post-intervention period, questions 5 and 6 were meant to assess future awareness
of potassium restriction.

2.4 Adverse event

The systolic and diastolic blood pressures (SBP and DBP) were monitored before and after the
intervention. Cases of hypokalemia that required treatment were also collected.

2.5 Pharmacist intervention strategy

The intervention scheme is shown in Fig 1.

2.5.1 Training. On November 1, 2022, a cardiologist (TO), registered dietician (AM), and
pharmacist (YA) gave a seminar to community pharmacists on potassium control in CKD.
This educational program included a 60-min classroom session as well as a web-based compo-
nent. Thirty-six community pharmacists attended the lectures and discussed their participa-
tion in the MY-CKD project. The purpose of this training was to standardize the quality of
pharmacist interventions and eliminate study bias. Details of the lecture contents are provided
in S1 Table.

2.5.2 Intervention. All the following interventions were implemented at each community
pharmacy:

On the first intervention day (day 1), community pharmacists met with patients to describe
the goals of the MY-CKD project, how to gather laboratory data, and lifestyle adjustments to
avoid dialysis. Using a nutritional guidance sheet, community pharmacists lectured on dietary
techniques for potassium restriction (S1 Fig). These nutritional guidance documents were

Patient registration with

— consent document :‘>

by community pharmacists

[Interventions by community pharmacists]
v" Consent acquisition date (Day 1)
1. Nutritional guidance on the dietary techniques for potassium
restriction in CKD
2. Measurement of systolic and diastolic blood pressure
3. Questionnaire survey on potassium restriction (Pre-intervention)
4. If the patient was taking potassium binders, check for adherence :>

[

Lecture program for
community pharmacists
about potassium control in
CKD by cardiologist,
nutritionist, and pharmacist

v Follow-up periods (Day 1 to 83)

1. Nutritional guidance on the dietary techniques for potassium
restriction in CKD

2. Measurement of SBP and DBP

3. Check for adherence of potassium binders

v End of intervention (Day 84 or later)

1. Measurement of SBP and DBP
2. Questionnaire survey on potassium restriction (Post-intervention)

| | // R
| ! //
November 1 December 28 March 28 July
2022 2022 2023 2023

Fig 1. Schematic illustrating the MieYaku-Chronic Kidney Disease (MY-CKD) project. CKD, chronic kidney disease. DBP, diastolic blood pressure. SBP,

systolic blood pressure.

https://doi.org/10.1371/journal.pone.0304479.g001
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mostly prepared by a registered dietician (AM) in consultation with healthcare workers. Fol-
lowing the lecture, a questionnaire was used to assess baseline awareness of potassium restric-
tion, and SBP and DBP were measured at rest. Adherence was assessed if the patient was
taking potassium-binding agents.

We continued to monitor the patient for dietary changes, kidney function, and serum
potassium levels during the follow-up period.

A questionnaire survey to evaluate the awareness of potassium restriction was conducted
12 weeks after the intervention. SBP and DBP were measured at rest.

2.6 Sample size

In a prior study, nutritional advice for a potassium-restricted diet resulted in a decrease of up
to 0.5 mEq/L in serum potassium levels [11]. The maximum standard deviation for serum
potassium levels among individuals has been reported to be 0.8 mmol/L [21]. With a standard
deviation of serum potassium levels of 1.0 mEq/L, and a mean difference of 0.5 mEq/L due to
intervention, using a corresponding t-test (o. = 0.05 and B = 0.20), the number of cases neces-
sary for the trial was calculated to be n = 34. Although similar reports have not existed, the esti-
mated percentage dropouts over the observation period were set as 15.0% [22], the target
number of registered patients was established as 40.

2.7 Statistical analysis

The Wilcoxon signed-rank test was used to examine differences in continuous variables, such
as serum potassium, eGFR, BUN/creatinine ratio, Na-Cl, SBP, and DBP between pre- and
post-intervention because respective variables followed a non-normal distribution. In the
questionnaire survey, the rate of responses on the 4-point scale were compared pre- and post-
intervention for questions 1 to 4, using the McNemar test. The effect size of changes in serum
potassium level mediated by this intervention was calculated. All statistical analyses were per-
formed using SPSS Statistics version 27 (IBM Japan, Tokyo, Japan), and the significance level
was set at two-sided p < 0.05.

2.8 Ethics approval statement

This study was conducted in accordance with the Ethical Guidelines for Medical and Health
Research Involving Human Subjects. The study protocol was approved by the National Hospi-
tal Organization, Mie Chuo Medical Center (approval ref. MCERB-202238) and Mie Pharma-
ceutical Association (approval ref. 2022-3). When community pharmacists referred to the
value of eGFR on the prescription issued by Mie Chuo Medical Center, if they met the inclu-
sion criteria, consent to participate in this study was obtained from the patients by each com-
munity pharmacist using a written consent document. All data were analyzed anonymously.
We registered the protocol for this study in the University Hospital Medical Information Net-
work Clinical Trials Registry (UMIN000049814).

3 Results
3.1 Characteristics of the participants

Enrolment in the MY-CKD project began on December 28, 2022, with five community phar-
macies, and terminated on March 28, 2023. A total of 35 patients with CKD were resistant to
treatment. Fig 2 shows that during the observation period, 25 patients were eligible for out-
come evaluation based on the exclusion criteria, and the required number of patients was
reached.
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Patients with CKD in outpatient care
December 28, 2022 to March 28, 2023
n=1277)

A\ 4

— 1242 patients, Non-participating for the MY-CKD project

Patients registered with consent
(n=35)

— 10 patients excluded during observation period

3 patients, Dose increase/decrease of RASi

3 patients, Dose increase of potassium-binding agents
1 patients, Discontinuation of loop diuretics

1 patients, Hemodialysis introduction

2 patients, Failure to collect questionnaires at 12 weeks

Eligible patients for analysis :> v Changes in serum potassium levels
(n =25)

Primary outcome

Secondary outcome
v" Changes in knowledge and attitude for dietary

potassium restriction

Fig 2. Flowchart showing the selection of eligible patients. CKD, chronic kidney disease. RASi, renin-angiotensin system inhibitors.

https://doi.org/10.1371/journal.pone.0304479.g002

The baseline patient characteristics are presented in Table 1. There were 19 patients
(64.0%) who were men, with a median age of 78 and a body mass index of 22.6 kg/m”. The
median eGFR was 35.0 mL/min/1.73 m? (range: 30.5-36.7 mL/min/1.73 m?), which corre-
sponds to the G3b stage. The baseline serum potassium level was 4.7 mEq/L (range: 4.3-5.1
mEq/L), which was close to the upper reference limit. While all patients cooked largely for
themselves, only 8.0% (n = 2) requested advice from registered dietitians. Medication was self-
managed by 80.0% of respondents. Only 12.0% (n = 3) of patients were taking potassium-bind-
ing agents.

3.2 Outcomes

Fig 3A shows that the median value of serum potassium significantly decreased from 4.7 mEq/
L before intervention to 4.4 mEq/L post-intervention [p < 0.001, 95% confidence interval
(CI): 0.156-0.500], and its effect size was -0.67. In contrast, eGFR (p = 0.563, 95%CI: -2.427-
2.555) (Fig 3B) and BUN/creatinine ratio (p = 0.904, 95%CI: -1.793-1.214) (Fig 3C) did not
change. In addition, the developed AKI was not observed during the 12-week follow-up
period. There was no significant difference in the value of Na-Cl between pre- and post-inter-
vention (p = 0.377, 95%CI: -1.324-0.444). In subgroup analysis, serum potassium levels had a
tendency of attenuation in the eGFR < 30 mL/min/1.73 m” group (n = 6), from 5.3 mEq/L to
4.6 mEq/L (p = 0.046, 95%CI: 0.272-1.114) (Fig 4A). On the other hand, patients with
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Table 1. Baseline characteristics of eligible patients.

Factors n=25
Basic property
Male/Female, (Male, %) 19/6 (76.0)
Age 78 (70, 83) 2
Body mass index (kg/m?) 22.6(21.8,24.9) %
Comorbidity
Diabetes mellitus, n (%) 17 (68.0)
Heart failure, n (%) 13 (52.0)
Hypertension, n (%) 22 (88.0)
Systolic blood pressure (mmHg) 133 (125, 142) *
Diastolic blood pressure (mmHg) 72 (65,79)*
Laboratory data
Na (mEq/L) 139 (138, 140) *
Cl (mEq/L) 106 (104, 107) *
Na-Cl (mEq/L) 33 (32,35)°
K (mEq/L) 4.7 (4.3,5.1)°
AST (IU/L) 22(21,25)?
ALT (IU/L) 16 (13,22) *
Serum creatinine (mg/dL) 1.5(1.3,1.7)*

eGFR (mL/min/1.73 m?)

35.0 (30.5,36.7) *

)
BUN (mg/dL) 27.7 (22.0,30.4) *
BUN/creatinine ratio 17.0 (13.6,21.5) *
Hemoglobin (g/dL) 12.9(11.6,13.6) *
Lifestyle

Primary meal format at home

Cooking by themselves, n (%) 25 (100.0)

Required advice from registered dietitians, n (%) 2(8.0)
Medications

Manage medicine

Self-management, n (%) 20 (80.0)

Family-management, n (%) 5(20.0)
RAS inhibitors, n (%) 17 (68.0)
MRA, n (%) 5 (20.0)
Loop diuretics, n (%) 7 (28.0)
Potassium-binding agents, n (%) 3(12.0)
SGLT? inhibitors, n (%) 5(20.0)

ALT: alanine aminotransferase. AST: aspartate aminotransferase. BUN: blood urea nitrogen. eGFR: estimated

glomerular filtration rate. MRA: mineralocorticoid receptor antagonist. RAS: renin-angiotensin system. SGLT2:

sodium-glucose cotransporter 2. “Each value represents the median (25th, 75th percentile).

https://doi.org/10.1371/journal.pone.0304479.1001

eGFR > 30 mL/min/1.73 m” showed a significant decrease in serum potassium levels

(p = 0.009, 95%CI: 0.057-0.364) (Fig 4B).

The percentage of responses changed significantly for all questions (Fig 5). For questions 1
and 2, no patients answered "Not at all" when asked about their understanding of the risk of
hyperkalemia and potassium-rich foods (p < 0.001). Concerning routine potassium restriction
awareness (question 3), the percentage of “Every time” increased (p = 0.143), while the per-
centage of “Not at all” decreased (p = 0.008). For question 4, “Is it bothersome to be aware of
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Fig 3. Effect of nutritional intervention on (A) serum potassium levels, (B) eGFR, and (C) BUN/creatinine ratio. The number of patients included in the
analysis of each parameter was 25. BUN, blood urine nitrogen; eGFR, estimated glomerular filtration rate. The differences in respective variables between pre-
and post-intervention were compared using the Wilcoxon signed-rank test.

https://doi.org/10.1371/journal.pone.0304479.g003

your potassium intake?” the percentages who replied “Not at all” (p < 0.001) and “Not much”
(p = 0.012) decreased, while the percentage who answered “Slightly” (p = 0.136) and
“Extremely” increased (p = 0.122). "Frequently" was the most prevalent response to the ques-
tion “Has this guidance made you more careful about your intake of foods containing potas-
sium?”, (56.0%, 14/25), followed by “Not that much,” “Sometimes,” and “Not at all.” Finally,
68.0% (17/25) of respondents claimed they will continue to avoid consuming potassium-con-
taining foods in the future.

3.3 Adverse event

Although the SBP and DBP of the six patients could not be followed in post-intervention,
there were no significant changes in the median values of SBP or DBP following intervention
(S2 Fig). Furthermore, there were no cases of hypokalemia requiring potassium
supplementation.

4 Discussion

In the present study, serum potassium levels decreased without any changes in hydration lev-
els, kidney function, or developing AKI. Furthermore, patients who underwent dose modifica-
tion with concomitant drugs that affected serum potassium levels were excluded, suggesting
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Fig 4. Changes in serum potassium levels in (A) eGFR < 30 mL/min/1.73 m? and (B) eGFR > 30 mL/min/1.73 m%.
The number of patients in eGFR < 30 mL/min/1.73 m® and eGFR > 30 mL/min/1.73 m> were six and 19, respectively.
eGFR, estimated glomerular filtration rate. The differences in respective variables between pre- and post-intervention
were compared using the Wilcoxon signed-rank test.

https://doi.org/10.1371/journal.pone.0304479.9004

that the decrease in serum potassium levels could be attributed to nutritional guidance. The
results of our questionnaire survey also support this hypothesis.

Although hyperkalemia is commonly defined as serum potassium levels > 5.5 mEq/L,
levels > 5.0 mEq/L have been linked to an increased risk of mortality in CKD stages 4-5 [23].
The reduction of serum potassium levels to less than 5.0 mEq/L in patients with eGFR < 30
mL/min/1.73 m® may help improve the prognosis of CKD patients; therefore, stricter control
of serum potassium levels is required in the CKD stage of the patients in this study.

Patient knowledge of CKD is often minimal, with only 26.5% of patients with an
eGFR < 60 mL/min/1.73 m® reporting awareness [24]. Moreover, even among hemodialysis
patients, the level of knowledge acquisition regarding potassium restriction was poor [25]. Fol-
lowing the current nutritional intervention, 0.0% of patients answered "Not at all" when asked
about the risk of hyperkalemia and foods with high potassium content (Fig 5), indicating
increased knowledge among patients with CKD. Terlizzi et al. [26] found that multidisciplin-
ary team support could help patients maintain a healthy nutritional status while delaying dialy-
sis. The MY-CKD project’s strengths were that community pharmacists learned the basics
through lectures from cardiologists, registered dietitians, and hospital pharmacists (S1 Table),
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Q1. Do you know that high level of serum potassium can be dangerous?

Pre-intervention /// - Very well
] wen

|:| Not that well

Q2. Do you know what foods have high potassium content?

Pre-intervention // / - Very well

[ wen

[ Not that well

Q3. Do you routinely regulate your consumption of foods with high potassium content?

Pre-intervention / - Every times

|:| Sometimes

] Rare

Post-intervention //// // - Il Not at all
Q4. Is it bothersome to be aware of your potassium intake?

Pre-intervention / / . 2] Not at all

|:| Not much

[] Slightly

Post-intervention // . Il Extremely

Fig 5. Evaluation of changes in understanding and attitude regarding dietary potassium restriction obtained using a questionnaire survey. The
number of patients that responded to each question of the questionnaire was 25. The rate of responses on the 4-point scale were compared pre- and
post-intervention for question 1 to 4, respectively, using the McNemar test.

https://doi.org/10.1371/journal.pone.0304479.g005
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and community pharmacists then passed on their knowledge to patients with CKD. Addition-
ally, community pharmacists shared the goal of lowering serum potassium levels in patients
with CKD, and constant follow-up on cooking procedures for potassium reduction was
deemed important during the observation period. As all patients enrolled in this trial cooked
for themselves (Table 1), this intervention strategy may result in a change in attitude toward
routine potassium restriction. However, the percentage of patients with problematic potassium
restriction increased (Fig 5). The MY-CKD project is thought to have provided the patient
with information about the pathogenesis of CKD and potassium restriction. However, this
may lead to patients needing nutritional management.

It is well-known that potassium intake is responsible for the dose-dependent reduction of
blood pressure [27]. However, severe potassium restriction may cause blood pressure fluctua-
tion in patients with CKD [28]. Therefore, the effect of dietary potassium restriction on SBP
and DBP was classified as a negative event in this study. Neither SBP nor DBP changed signifi-
cantly after the intervention (S2 Fig), suggesting that the degree of potassium restriction had
no effect on blood pressure.

Our study had several limitations. First, the long-term persistence of the dietary potassium
restriction could not be determined. Second, because the sample size was limited, and required
sample size could not be reached, there could be unexplained confounding factors, such as patient
selection bias. Third, in patients with eGFR < 60 mL/min/1.73 m” in Japan, the frequency of
hyperkalemia was considerably higher in the winter (December—February) than that in the sum-
mer (June-August) [29]. Seasonal changes may have had an impact on 52.0% (13/25) of patients
whose observation end date was in summer, indicating that seasonal variations cannot be ruled
out. Fourth, the efficiency of this intervention strategy in patients undergoing hemodialysis
remains unknown. Fifth, although the quality of the intervention method may be elevated with
the participation of nephrologists, the National Hospital Organization Mie Chuo Medical Center
did not have staff nephrologists. Therefore, it was considered necessary to construct a project with
the participation of nephrologists in future investigations. Sixth, because the questionnaire used in
the present study was developed originally, the relationship between changes in awareness/knowl-
edge and specific dietary changes through questionnaires was not validated. Therefore, the extent
to which the patients’ diets have changed by the present questionnaire would not be fully evalu-
ated. Finally, because this study only included patients with CKD who were outpatients at a sec-
ondary hospital in Japan, the impact on patients who attended hospitals with different
characteristics, such as tertiary hospitals or clinics, is unknown. A cluster-randomized controlled
study in Japan found that a lifestyle advising program in community pharmacies can lower SBP
[30] and hemoglobin Alc [31]. Given these limitations and evidence, a cluster-randomized con-
trolled design with long-term follow-up of potassium restriction is needed to evaluate the variabil-
ity in serum potassium levels when patients are supported by community pharmacists.

CKD is one of the most important global public health problems that shortens the lifetime
by increasing the requirement for dialysis treatment and risk of cardiovascular events [32].
The number of community pharmacies in Japan is comparable to those in the United States
[17, 33], therefore, the evidence from the MY-CKD project of dietary potassium restriction by
community pharmacist will provide great benefit for patients with CKD. Therefore, the pres-
ent intervention strategy may serve as a model case in the world for nutritional guidance pro-
vided to CKD patients by community pharmacists.

5 Conclusion

This is the first study to show that a community pharmacist-led nutritional intervention medi-
ated through the MY-CKD project improves dietary potassium restriction attitudes and lowers

PLOS ONE | https://doi.org/10.1371/journal.pone.0304479 May 31, 2024 11/15

— 130 —



PLOS ONE

Community pharmacist manage serum potassium level in chronic kidney disease

serum potassium levels in patients with CKD. Although few studies have demonstrated the
benefits of community pharmacist activities in practice, the implementation of nutritional
interventions, such as potassium restriction, for patients with CKD by educated community

pharmacists certainly contributes directly to the improvement of community populations’
health.
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Abstract

Background Sacubitril/valsartan is an angiotensin receptor neprilysin inhibitor (ARNI) that inhibits the degradation
of endogenous natriuretic peptides. Therefore, ARNIs may increase the efficacy of human atrial natriuretic peptide
(hANP), a drug for acute heart failure, by mediating its pharmacological mechanism. This study was aimed at evaluat-
ing the effects of ARNIs on the pharmacological effects of hANP by using surrogate marker, such as urinary output,
in patients with heart failure.

Methods In this multicenter retrospective cohort study, adult patients with heart failure who were taking angio-
tensin Il receptor blockers (ARB) or ARNIs combined with hANP were enrolled. Information on basic characteristics,
clinical laboratory data, medical history, and severity of cardiac insufficiency were collected from electronic medical
records. The primary outcome was the change in adjusted fluid balance, calculated by IN-volume (mL/day) - OUT-
volume (mL/day) / daily hANP dosage (ug).

Results Ninety-two and 62 patients in the ARB+hANP and ARNI+hANP groups, respectively, were eligible for analy-
sis. The adjusted fluid balance in the ARNI+hANP group was significantly lower than that in the ARB+hANP group
(p=0.001). After propensity score matching, 27 patients from each group were included. Similarly, there was a signifi-
cant reduction in adjusted fluid balance in the ARNI+hANP group after propensity score matching (p=0.026).

Conclusions These findings suggest that ARNIs may enhance the efficacy of hANP and the combination of the two
may be effective in the treatment of heart failure.

Keywords Sacubitril/valsartan, Natriuretic peptide, Heart failure, Multicenter retrospective cohort study
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Background

Renin—angiotensin—aldosterone inhibitors, including
angiotensin-converting enzyme inhibitors (ACEIs) and
angiotensin II receptor blockers (ARBs), have been used
for treating patients with heart failure (HF) with reduced
ejection fraction (HFrEF) [1]. Furthermore, sacubitril/
valsartan, an angiotensin receptor neprilysin inhibitor
(ARNI), has been reported to reduce the risk of hospi-
talization and death associated with HF compared with
those related to enalapril [2].Therefore, sacubitril/valsar-
tan has been recommended for reducing morbidity and
mortality in patients with HFrEF in the 2022 American
Heart Association/American College of Cardiology/
Heart Failure Society of America guideline [3].

Sacubitril/valsartan is decomposed into sacubitril and val-
sartan in the body [4]. While valsartan inhibits angiotensin
II receptor-mediated vasoconstriction, leading to myocar-
dial hypertrophy and fibrosis, and water and sodium reab-
sorption [5], sacubitril is further metabolized to the active
neprilysin inhibitor. Neprilysin is a membrane-bound pro-
tease distributed in a wide range of tissues in the body and
is responsible for the degradation of natriuretic peptides
[6]. Atrial natriuretic peptides (ANPs) are known to contrib-
ute to a decrease in vascular tone, increase renally mediated
excretion of electrolytes and water, and have antifibrotic and
antihypertrophic effects in the heart [7].

In Japan, human ANPs (hANPs) have been adminis-
tered intravenously to patients with acute HF to ensure
urinary output [8]. Nougue et al. [9] reported that switch-
ing from an ACEI/ARB to an ARNI may increase blood
ANP levels. Considering this evidence [9] and the phar-
macological mechanism of ARNIs, neprilysin inhibi-
tion by sacubitril may elevate hANP concentrations in
the body; however, the underlying mechanisms remain
unknown.

(2024) 10:56
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Hence, this multicenter study was aimed at evaluating
the effects of ARNIs on the pharmacological effects of
hANPs based on the urinary output in patients with HF.

Methods

Study design

This multicenter, retrospective cohort study was con-
ducted at seven hospitals belonging to the Tokai-
Hokuriku Group of the National Hospital Organization
(Mie Chuo Medical Center, Shizuoka Medical Center,
Toyohashi Medical Center, Nagoya Medical Center,
Kanazawa Medical Center, Nagara Medical Center, and
National Center for Geriatrics and Gerontology).

Data collection and exclusion criteria

Data on adult patients with HF receiving ARBs, ARNIs,
and hANPs at the seven hospitals from September 1,
2020, to March 31, 2023, were collected. The exclu-
sion criteria were as follows: (1) receipt of concomitant
therapy for only 1 day, (2) unavailability of IN-volume
(fluid intake and infusion volume) or OUT-volume (uri-
nary output) measurements; (3) unknown ARB, ARNI,
or hANP dosage; and (4) use of dialysis. Clinical data
on patient characteristics (sex, age, weight, height, body
surface area, clinical laboratory data, New York Heart
Association [NYHA] classification, medical history, and
concomitant medications); ARB, ARNI, and hANP dos-
ages; ARB, ARNI, and hANP initiation dates; discharge
and death dates; IN-volume; and OUT-volume were col-
lected from electronic medical records. The data on con-
comitant medications were evaluated immediately prior
to the initiation of combination therapy with ARB/ARNI
and hANP. Adjusted fluid balance was calculated using
the following formulae:

Adjusted fluid balance (mL/day/ug hANP) = IN—volume (mL/day) —OUT—volume (mL/day)/daily hANP dosage(jLg)

hANP 77077, "

ARB or ARNI ., A " ; ct e
7/ 1 7/ 1 [ >
Start of Hospitalization Day0 Dayl
ARB or ARNI day

l

Measurement of
IN and OUT volume

Fig. 1 Schematic illustrating the study procedures. ARB, angiotensin Il receptor blocker; ARNI, angiotensin receptor neprilysin inhibitor; hANP,

human atrial natriuretic peptide; PS, propensity score
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Outcome

The design scheme used in this study is illustrated in
Fig. 1. The start date of combination therapy with ARB/
ARNI and hANP was defined as day 0. As the accu-
rate time for conducting this combination therapy was
unknown, and the diuretic may exert a maximal effect
on day 1 [10], the fluid balance data were collected on
day 1. The primary endpoint was the adjusted fluid bal-
ance. ARNIs increase endogenous ANP levels mediated
by neprilysin inhibition, which leads to an increase in
urinary output, without concomitant use of hANP [9,
11]. Whereas a diuretic effect of ARNIs was observed
on the first day, this phenomenon was not observed on
the fifth day [12]. Therefore, we evaluated the adjusted
fluid balance in patients who received ARBs or ARNIs
for more than 5 days, at the time of combination therapy
with ARB/ARNI and hANP as sub-group analysis.

Statistical analysis

As continuous variables were abnormally distributed,
the Mann—Whitney U test was used. The chi-square test
was used to compare categorical variables. To remove the
influence of confounding factors, 1:1 propensity score
(PS) matching was performed between the ARB+hANP
and ARNI+hANP groups. The PS was calculated using
the following variables: age; body mass index (BMI);
creatinine clearance; medical history (atrial fibrillation,
hypertension, diabetes, hyperlipidemia, and myocardial

(2024) 10:56
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infarction); NYHA classification; and concomitant drugs
such as loop diuretics, thiazide diuretics, tolvaptan, min-
eralocorticoid receptor antagonists (MRAs), sodium-
glucose cotransporter 2 (SGLT2) inhibitors, and nitrates.
The ARB+hANP and ARNI+hANP pairs were matched
1:1 with a caliper of 0.2 of the standard deviation of the
logit of the PS. After PS matching, the respective baseline
patient characteristics were evaluated and standardized
differences were calculated. All statistical analyses were
performed using SPSS version 28 (IBM Japan, Tokyo,
Japan), and statistical significance was set at p <0.05.

Results

From September 2020 to March 2023, 125 patients
received ARBs and hANPs, and 83 patients received
ARNIs and hANPs (Fig. 2). Based on the exclusion
criteria, 92 and 62 patients in the ARB+hANP and
ARNI+hANP groups, were eligible for the present
study, respectively. The characteristics of patients in the
ARB+hANP and ARNI+hANP groups are listed in
Table 1. There were no significant differences in basic
characteristics, such as sex, age, and clinical laboratory
data, between the two groups. A higher percentage of
patients in the ARB+hANP group had hypertension.
A gap was observed between the NYHA classification
(p<0.001). Whereas the value of diastolic blood pres-
sure was significantly lower in the ARB+hANP group

Patients who received ARB
(September, 2020-March, 2023)
n=13,263

Patients who received hANP
(September, 2020-March, 2023)
n=1,228

Patients who received ARNI
(September, 2020-March, 2023)
n=1,610

Patients who received ARB+hANP
(September, 2020-March, 2023)
n=125

Patients who received ARNI+hANP
(September, 2020-March, 2023)
n=83

Excluded (Total: n=33) <+—
Combined duration 1 day: n=20
No measurement of urine volume: n=13

ARB+hANP
n=92

—> Excluded (Total: n=21)
Combined duration 1 day: n=11
No measurement of urine volume: n=9
Patients under dialysis: n=1

4

ARNI+hANP
n=62

Fig. 2 Flow diagram illustrating the patient recruitment process. ARB, angiotensin Il receptor blockers; ARNI, angiotensin receptor neprilysin

inhibitor; hANP, human atrial natriuretic peptide; PS, propensity score
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Table 1 Baseline characteristics of the eligible patients

Factors ARB +hANP ARNI+hANP P value

n=92 n=62

Basic property
Sex (Male/Female) 56/36 41/21 0.507°
Age (years) 84 (77, 88) 82 (72, 88)° 0.263°
Body Weight (kg) 559 (482, 68.8) 573 (480, 68.5) 0.897°
Height (m) 1.56 (1.47,1.65) 161 (1.48,1.67) 0.110°
Body Mass Index (kg/m?) 232 (206, 26.6) 225(194,252)° 0.239°
Body surface area (m?) 1.54(1.34,1.72) 1.59 (140, 1.73)¢ 0.392°

Clinical laboratory data
Na (mEq/L) 140 (136, 143) 140 (137, 143)° 0601°
K (mEq/L) 43(37,47) 44(38,47)" 0.625°
Blood urea nitrogen (mg/dL) 26.7 (19.7,38.0) 27.9(20.0,40.0) 0.609°
Serum creatinine (mg/dL) 1.31(0.93,1.83) 1.39(1.11,1.79)° 0.202°
Creatinine clearance (mL/min) 30.5(20.3,46.1) 28.3(22.1,41.0)° 0614°

Medical history
Atrial fibrillation, n (%) 31(34) 29 (47) 0.103°
Hypertension, n (%) 81(88) 40 (65) <0.001°
Diabetes, n (%) 29 (32) 22 (35) 0.608°
Hyperlipidemia, n (%) 29 (32) 19 (31) 0.908%
Myocardial infarction, n (%) 14 (15) 12 (19) 0.501°
Valve replacement /Valvuloplasty, n (%) 5(5) 2(3) 0.519°
CABG, n (%) 5(5) 102 0.402%
PCl, n (%) 10(11) 7(11) 0.935°
PMI, n (%) 5(5) 5(8) 0.516°

NYHA Classification
Class I, n (%) 4(4) 203) <0.001°
Class II, n (%) 43 (47) 8(13) -
Class III, n (%) 31(34) 37 (60) -
Class IV, n (%) 6(7) 9(15) -
Unknown, n (%) 8(9) 6 (10) -

Blood pressure
Systolic blood pressure (mmHg) 120 (105, 133) 124 (108, 140) 0.051°
Diastolic blood pressure (mmHg) 62 (55,72) 71 (65,78) <0.001°

Oral medication
Loop diuretic, n (%) 60 (65) 38(61) 0619°
Azosemide dosage (mg) 30 (30, 30) 30 (15, 30) 0.805°
Furosemide dosage (mg) 20 (20, 40) 20 (20, 40) 0.941°
Torasemide dosage (mg) 6 (4,8) 8(4,8) 0.683°
Thiazide diuretic, n (%) 6(7) 3(5 0.741°
Indapamide dosage (mg) 1(0.75,1) 1(01,1) 1.000°
Hydrochlorothiazide dosage (mg) 9.38(7.81,10.9) - -
Trichloromethiazide dosage (mg) T, T, 1.000°
Tolvaptan, n (%) 32(35) 31 (50) 0.060°
Tolvaptan dosage (mg) 75(3.75,7.5) 75(7.5,15) 0.153°
MRA, n (%) 6 (28) 9(47) 0.019*
Spironolactone dosage (mg) 25(12.5, 25) 25 (25, 25) 0.435°
Eplerenone dosage (mg) 50 (50, 50) 50 (50, 50) 0.857°
Esaxerenone dosage (mg) 1.25(1.25,1.25) 1.25(1.25,1.25) 1.000°
B blocker, n (%) 37 (40) 31 (50) 0.231°
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Table 1 (continued)

Factors ARB +hANP ARNI+hANP P value
n=92 n=62
SGLT2 inhibitor, n (%) 10071) 22 (35) <0.001°
Empagliflozin dosage (mg) 10 (10, 10) 10(10,13.8) 0.494°
Dapagliflozin dosage (mg) 10 (10, 10) 10 (10, 10) 0.424°
Canagliflozin dosage (mg) 100 (100, 100) 100 (100, 100) 1.000°
Nitrate medicine, n (%) 4 (4) 4(6) 0.715°
Number of internal medicine 8(6,11) 9(7,12)° 0.363°
Intravascular medication
Catecholamine, n (%) 5(5) 5(8) 0.525°

ARB Angiotensin Il receptor blocker, ARNI Angiotensin receptor neprilysin inhibitor, CABG Coronary artery bypass grafting, hANP human atrial natriuretic peptide,
MRA Mineralocorticoid receptor antagonist, NYHA New York Heart Association, PC/ Percutaneous coronary intervention, PMI Pacemaker implantation, SGLT2 Sodium
glucose cotransporter 2

2 Chi-square test
b Mann-Whitney U test
€ Each value represents the median (25th, 75th percentile)

B
Before PS matching After PS matching

p=0.001 p=0.026
5.0 1 l—l 5.0 - I—I
4.0 - o 4.0 -
o 3.0 3.0
v
S7 20 2.0
= g : o
=< 10 - 1.01
5 2 T
g = 0.0] 0.0 -
QT
23 -1.07 I -1.0 1 =
= E
< -2.0 1 R -2.0- R
3.0 8§ e 3.0
-4.0 - S -4.0 - .
5.0 5.0
S S
S &
S SRS

Fig. 3 Fluid balance in the ARB+hANP and ARNI+hANP groups. A Adjusted fluid balance in the ARB+hANP and ARNI+hANP groups before PS
matching. B Adjusted fluid balance in the ARB-+hANP and ARNI+hANP groups after PS matching. Adjusted fluid balance was calculated as follows:
In-volume (mL/day) - OUT-volume (mL/day) /daily hANP dosage. ARB, angiotensin Il receptor blockers; ARNI, angiotensin receptor neprilysin
inhibitor; hANP, human atrial natriuretic peptide; PS, propensity score
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compared to the ARNI+hANP group (p <0.001), no sig-
nificant differences were observed in systolic blood pres-
sure. Regarding concomitant drugs, the ARNI+hANP
group was more likely to use MRAs and SGLT?2 inhibi-
tors. The differences in tolvaptan and loop diuretics dos-
age between the ARB+hANP and ARNI+hANP groups
were not significant.

The adjusted fluid balance is shown in Fig. 3A. The
adjusted fluid balance in the ARNI+hANP group was
significantly lower than that in the ARB+hANP group
(»p=0.001). In patients who received ARBs or ARNIs
for more than 5 days, the adjusted fluid balance in the
hANP + ARNI group also decreased on day 1 (p=0.023)
(Supplementary Fig. 1). In the sensitivity analysis, we
compared the adjusted fluid balance after PS match-
ing. After 1:1 PS matching, both ARB+hANP and
ARNI+hANP groups included 27 patients each. Data on
the basic characteristics of the patients after PS match-
ing are shown in Table 2. There were no significant

Table 2 Baseline characteristics after propensity score matching

(2024) 10:56
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intergroup differences, and the standardized differ-
ence was less than 0.1, except for the BMI. A significant
decrease in the adjusted fluid balance was observed
in the ARNI+hANP group compared with that in the
ARB+hANP group (p=0.026) (Fig. 3B).

Discussion
To the best of our knowledge, this is the first study
to demonstrate that concomitant use of ARNIs may
increase urinary output compared to that of ARBs in
patients treated with hANP. Moreover, the sensitivity
analysis showed a decrease in the adjusted fluid balance,
suggesting that the results of this study are highly reliable.
The ratio of hypertension, NYHA classification, dias-
tolic blood pressure, MRA, and SGLT2 inhibitor were
significantly different between the two groups (Table 1).
The diuretic effect of MRA is relatively weak, and the ben-
eficial effect of MRAs on HF has been attributed to non-
diuretic effects [13]. On the other hand, SGLT?2 inhibitors

Factors ARB +hANP ARNI+hANP P value Std diff
n=27 n=27
Basic property
Age (years) 84 (78, 88) 84 (78, 90)° 0.749° 0.011
Body Mass Index (kg/mz) 23.5(20.6, 269) 22.5(20.0,24.0) 0.539° 0.120
Clinical laboratory data
Creatinine clearance (mL/min) 30.1(17.8,41.0) 28.2(23.2,37.0)° 0.789° 0.049
Medical history
Atrial fibrillation, n (%) 16 (59) 13 (48) 04132 0.043
Hypertension, n (%) 22 (81) 22(81) 1.000° 0.000
Diabetes, n (%) 5(19) 6(22) 0.735° 0.021
Hyperlipidemia, n (%) 4(15) 9(33) 0.111° 0.086
Myocardial infarction, n (%) 5(19) 5(19) 1.000° 0.000
NYHA Classification
Class 1, n (%) 1(4) 2(7) 0.673° 0.036
Class I, n (%) 10 (37) 7(26) - 0.058
Class III, n (%) 14 (52) 14 (52) - 0.000
Class IV, n (%) 2(7) 4(15) - 0.052
Oral medication
Loop diuretic, n (%) 21(78) 20 (74) 0.750° 0.012
Thiazide diuretic, n (%) 14 2(7) 1.000° 0.036
Tolvaptan, n (%) 14 (52) 14 (52) 1.000° 0.000
MRA, n (%) 12 (44) 11(41) 0.783° 0.015
{3 blocker, n (%) 15 (56) 13 (48) 0.586° 0.029
SGLT2 blocker, n (%) 5(19) 5(19) 1.000° 0.000
Nitrate medicine, n (%) 14) 1(4) 1.000° 0.000

ARB Angiotensin Il receptor blocker, ARNI Angiotensin receptor neprilysin inhibitor, "ANP human atrial natriuretic peptide, MRA Mineralocorticoid receptor antagonist,
NYHA New York Heart Association, SGLT2 Sodium glucose cotransporter 2, Std diff Standardized difference

2 Chi-square test.
5 Mann-Whitney U test

€ Each value represents the median (25th, 75th percentile)
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can increase urine output in HF patients [14]. Owing to
these differences, we implemented PS matching to adjust
for confounding factors, and differences in fluid levels
were observed (Fig. 3B), suggesting that ARNI may poten-
tially enhance the diuretic effect of hANP more effectively
than ARB. In addition, this study included a large num-
ber of elderly patients (over the age of 80 years) compared
with previous studies that investigated the background of
patients with HF in Japan [15], indicating the efficacy of the
ARNI and hANP combination in elderly patients with HE.

In sub-group analysis, we compared the adjusted fluid
balance in patients who received ARBs or ARNIs for
more than 5 days, at the time of combination therapy
with ARB/ARNI and hANP to exclude the diuretic effect
of ARNI alone. The adjusted fluid balance was lower
in the ARNI+hANP group than in the ARB+hANP
group, even after 5 days (Supplementary Fig. 1). Since
hANP has an intramolecular neprilysin degradation site
in its molecular structure [16, 17], it has been suggested
that the suppression of hANP degradation by sacubitril
results in an increased urinary output.

The present study has several limitations. First, the
severity data of HF, such as clinical scenarios, serum
ANPs, serum brain natriuretic peptides concentra-
tion, and ejection fraction data could not be elucidated
because there are many missing values or descriptions.
Second, although there were no significant differences
in diuretic dosages among groups, the possibility that
the combined effect of the diuretics influenced the fluid
balance cannot be denied. Considering these limita-
tions, future studies with larger sample sizes and greater
statistical power should be conducted. Despite these
limitations, the strength of this study was that it was a
multicenter study, which minimized the scientific rigor
and external validity biases.

Conclusions

This study indicates that ARNIs may potentiate the
action of hANPs and that the combination of ARNIs and
hANPs may be useful in the treatment of HF.
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ACEI Angiotensin-converting enzyme inhibitors
ANP Atrial natriuretic peptide
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ARNI Angiotensin receptor neprilysin inhibitor

BMI Body mass index

CABG  Coronary artery bypass grafting
hANP  Human atrial natriuretic peptide
HF Heart failure

HFrEF  HF with reduced ejection fraction
MRA Mineralocorticoid receptor antagonist
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pCl Percutaneous coronary intervention
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SGLT2  Sodium-glucose cotransporter 2

(2024) 10:56

Page 7 of 8

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/540780-024-00379-1.

Supplementary Material 1: Fig. 1. Adjusted fluid balance in patients in
whom the concomitant therapy was administered for more than 5 days.
Adjusted fluid balance was calculated as follows: In-volume (mL/day) -
OUT-volume (mL/day) /daily hAANP dosage. ARB, angiotensin Il receptor
blockers; ARNI, angiotensin receptor neprilysin inhibitor; hRANP, human
atrial natriuretic peptide; PS, propensity score.
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