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Efficacy of Furosemide, Oral Sodium Chloride, and Fluid Restriction for
1 Treatment of Syndrome of Inappropriate Antidiuresis (SIAD): An Open-label
cite Randomized Controlled Study (The EFFUSE-FLUID Trial).
Krisanapan P, Vongsanim S, Pin-On P, Ruengorn C, Noppakun K.
Am J Kidney Dis. 2020 Aug;76(2):203-212. doi: 10.1053/j.ajkd.2019.11.012. Epub 2020 Mar 19.
PMID: 32199708
The objective of this study was to investigate whether, combined with fluid restriction, furosemide

Clinical Trial.

with or without sodium chloride (NaCl) supplementation was more effective than fluid restriction
alone in the treatment of hyponatremia in SIAD. ...SETTING &am ...

Hyponatremia: pathophysiology, differential diagnosis and new aspe
2 treatment.
cite Gross P, Wehrle R, Blssemaker E.

Clin Nephrol. 1996 Oct;46(4):273-6. Eﬁh\ETEPICO(:@5
PMID: 8905218  Review. Eﬁiy E%}R

It is usually attributable to primary vasopressin excess, causing the syndro
antidiuresis (SIAD), or to secondary vasopressin stimulation, involving a ba
...In the second type of setting they will be elevated because of the circulato ...
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Efficacy of Furosemide, Oral Sodium Chloride, and Fluid
Restriction for Treatment of Syndrome of Inappropriate
Antidiuresis (SIAD): An Open-label Randomized
Controlled Study (The EFFUSE-FLUID Trial)

Pajaree Krisanapan, Surachet Vongsanim, Pathomporn Pin-on, Chidchanok Ruengorn, and
Kajohnsak Noppakun
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Am J Kidney Dis. 76(2):203-212.
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Results

289 were assessed

197 were not eligible

for eligibility 171 did not meet
: i inclusion criteria
FR = fluid restriction (ZK5IBR) > 9 refused to participate
FM = furosemide(JOt=R) ! 17 were discharged from
92 underwent “°Sp“9' during
randomization Screening period
v v v

31 were assigned to receive
fluid restriction alone
(FR group)

30 were assigned to receive
fluid restriction and
furosemide
(FR+FM group)

31 were assigned to receive

fluid restriction, furosemide,

and sodium chloride tablets
(FR+FM+NaCl group)




Results

31 were assigned to receive
fluid restriction alone
(FR group)

l

30 were assigned to receive
fluid restriction and
furosemide
(FR+FM group)

31 were assigned to receive

fluid restriction, furosemide,

and sodium chloride tablets
(FR+FM+NaCl group)
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30 received intervention
1 withdrew consent

29 received intervention
1 withdrew consent

31 received intervention

|
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23 completed study
3 deaths
4 loss to follow-up

23 completed study
3 deaths
3 loss to follow-up

20 completed study
4 deaths
7 loss to follow-up

!

!
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31 were included in
intention-to-treat analysis

30 were included in
intention-to-treat analysis

31 were included in
intention-to-treat analysis
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EEBE= : baseline

FR Group FR+FM FR+FM+NaCl
Characteristic (n=31) Group (n =30) Group (n=31) Total (N =92)
60.1 +14.7 546 +17.3 63.5+17 595+ 16.6

Male sex 18 (58%) 19 (63%) 21 (68%) 58 (63%)
Body weight, kg 486 £ 10.3 51.4+10.8 52.0+ 149 506+ 121
Admission department

Medical ward 24 (77%) 20 (67%) 20 (65%) 64 (70%)

Surgical ward 7 (23%) 10 (33%) 11 (35%) 28 (30%)
Symptoms of hyponatremia

Nausea/vomiting 14 (45%) 6 (20%) 7 (23%) 27 (30%)

Impaired consciousness 7 (23%) 3 (10%) 5 (16%) 15 (16%)

Fatigue 2 (6%) 5 (17%) 3 (10%) 10 (11%)

Other 1 (3%) 0 (0%) 1 (83%) 2 (2%)
Causes of SIAD®

Malignancy 12 (39%) 17 (57%) 18 (58%) 47 (51%)

Drug associated 10 (32%) 11 (837%) 13 (42%) 34 (37%)

Neuropsychiatric disorders 14 (45%) 10 (33%) 10 (32%) 34 (37%)

Pulmonary diseases_ 7 (23%) 12 (40%) 11 (35%) 30 (33%)

HIV infection 2 (6%) 5 (17%) 3 (10%) 10 (11%)

Idiopathic 2 (6%) 2 (7%) 2 (6%) 6 (7%)
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FR Group FR+FM FR+FM+NaCl
Characteristic (n=31) Group (n=30) Group (n=31) Total (N =92)
Severity of hyponatremia
Mil 15 (489 14 (479 16 (529 45 (49%)
Moderate 11 (35%) 12 (40%) 11 (35%) 34 (37%)
Severe 5 (16%) 4 (13%) 4 (13%) 13 (14%)

Serum TSH, IU/mL

Serum cortisol, pg/dL
eGFR,” mL/min/1.73 m?
Serum urea nitrogen, mg/dL
Serum potassium, mmol/L
Serum uric acid, mg/dL
Serum magnesium, mEq/L
Serum osmolality, mOsm/kg
Urine osmolality, mOsm/kg
Urine sodium, mmol/L
Urine potassium, mmol/L

1.70 [0.99-2.87]
17.0 [15.5-19.0]
106 [95-115]

9 [7-18]

3.7 [3.4-3.9]
2.8 [1.8-3.6]
1.49 [1.28-1.67]
269 [261-275]
397 [353-540]
107 [68-131]
26 [18-41]

2.11 [1.26-2.96]
18.5 [15.3-21.6]
108 [88-117]
11 [7-15]

3.8 [3.5-4.0]
2.8 [2.0-4.2]
1.64 [1.44-1.70]
271 [262-276]
426 [353-545]
87 [69-119]

25 [14-43]

1.74 [1.06-3.00]
16.0 [13.6-19.8]
98 [87-112]

10 [7-14]

3.6 [3.3-4.2]
3.2 [2.4-4.6]
1.50 [1.24-1.67]
269 [262-275]
397 [307-501]
99 [65-120]

22 [14-36]

1.87 [1.04-2.96]
17.0 [14.7-19.8]
103 [90-116]
10 [7-14]

3.7 [3.4-4.1]

3.1 [2.0-4.1]
1.52 [1.34-1.67]
269 [262-275]
414 [333-529]
100 [66-127]
25 [15-41]



EEE= : baseline

Characteristic

FR Group
(n=31)

FR+FM
Group (n=30)

FR+FM+NaCl
Group (n=31)

Total (N =92)

24-h urine
Volume, mL/d
Sodium excretion rate, mmol/d
Potassium excretion rate, mmol/d
Solute excretion rate,” mmol/d
FE of uric acid, %
Urine-serum electrolyte ratio®

Urine-serum electrolﬂe ratio category

<
>1

1,350 [900-2,010]
125 [91-182]

42 [21-65]

179 [110-242]
13.6 [9.2-21.0]
1.01 [0.84-1.31]

0

16 (52%

1,300 [700-2,100]
92 [43-178]

30 [13-70]

153 [70-293]
11.9 [8.8-22.7]
0.91 [0.83-1.61]

0

12 (40%

1,357 [950-1,900]
128 [75-233]

25 [18-53]

161 [96-289]
13.1 [9.9-16.4]
0.93 [0.74-1.30]

0

12 (39%

1,325 [825-1,975]
119 [74-205]

30 [18-62]

165 [105-280]
13.1 [9.2-19.2]
0.95 [0.82-1.29]

52 (57%)
40 (43%)




Outcome®sTih

Table 2. Baseline Serum Sodium Levels and Clinical Qutcomes

FR Group FR+FM FR+FM+NaCl
Variable (n=31) Group (n = 30) Group (n=31) P
Baseline serum sodium, mmol/L 125+ 4 125+3 125+ 4 0.9
Pri . AINa+] from basell
At d 4, mmol/L (nh = 87) 490 +4.7 43+4.4 639+87 0.7
At d 7. mmol/L (nh =61) 48 +45 3.8+4.6 75+5.9 0.03
At d 28, mmol/L (n = 67) 5.7+4.7 0+ 72 89+ 78 0.8
Secondary outcomes
Percentage of patients with [Na+] = 130 mmol/L
Atd 4 (n=89) 15 (48%) 16 (53%) 20 (65%) 0.4
Atd 7 (n=82) 22 (71%) 20 (67%) 27 (87%) 0.2
At d 28 (n = 83) 23 (74%) 24 (80%) 25 (81%) 0.8
Percentage of patients with [Na+] =2 135 mmol/L
Atd 4 (n=87) 6 (19%) 4 (13%) 8 (26%) 0.5
Atd 7 (n=69) 13 (42%) 10 (33%) 15 (48%) 0.5
Atd 28 (n=71) 16 (52%) 15 (50%) 18 (58%) 0.8
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orimary outcome
Day 4TO[Na+]DZAL(E38FEBIC FR+FM+NaCl group (n=31)
4-6mol/LERUR(95%CI, P<0.001)4,
3B TEEE[RBNHI(P=0.7)
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Table 2. Baseline Serum Sodium Levels and Clinical Outcomes

FR Group FR+FM FR+FM+NaCl
Variable (n=31) Group (n = 30) Group (n=31) P
Baseline serum sodium, mmol/L 125+ 4 126 +3 125+ 4 0.9
Primary outcome: A[Na+] from baseline
At d 4, mmol/L (n =87) 49+47 43+44 6.3+8.7 0.7
At d 7, mmol/L (n =61) 48145 3.8+4.6 75+5.9 0.03
At d 28, mmol/L (n = 67) 5.7+4.7 78+ 792 8.6+78 0.8
Secondary outcomes
Percentage of patients with [Na+] 2 130 mmol/L
At d 4 (n=89) 15 (48%) 16 (53%) 20 (65%) 0.4
Atd 7 (n=82) 22 (71%) 20 (67%) 27 (87%) 0.2
At d 28 (n = 83) 23 (74%) 24 (80%) 25 (81%) 0.8
i +| >
At d 4 (n=87) 6 (19%) 4 (13%) 8 (26%) 05
Atd 7 (hn=69) 13 (42%) 10 (33%) 15 (48%) 0.5
Atd 28 (n=171) 16 (52%) 15 (50%) 18 (58%) 0.8
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Table 2. Baseline Serum Sodj

Variable Day7, 14,28%“%‘*“:3:3(/\_(

Baseline serum sodium, mmolSi [Na+] =130mmol/L #»5L\E
Primary outcome: A[Na+] fronfis [Na+] > 135mm0|/|_

At d 4, mmol/L (n =87)
At d 7, mmol/L (n =61)
At d 28, mmol/L (n = 67)

Secondary outcomes

Percentage of patients with [Na+] =2 130 mmol/L
Atd 4 (h=89)

Atd 7 (h=82)
At d 28 (n = 83)
Egmgmagg Qt Qa:ignﬁ wim |Na+| 2> |§§ meML
Atd 4 (n=87)
Atd 7 (n=69)
Atd 28 (h=171)

15 (48%)
22 (71%)
23 (74%)

6 (19%)
13 (42%)
16 (52%)

ZERK CEEISE3B B THEREE[BN Ok

16 (53%)
20 (67%)
24 (80%)

4 (13%)
10 (33%)
15 (50%)

FR+FM+NaCl

Group (n=31) P
125+4 0.9
6.3+8.7 0.7
75+5.9 0.03
86+78 0.8
20 (65%) 0.4
27 (87%) 0.2
25 (81%) 0.8
8 (26%) 0.5
15 (48%) 0.5
18 (58%) 0.8




secondary outcome

A

Cumulative incidence

1.0 |

0.8 -

0.6 -

0.4 -

0.2 -

0.0 -

Cumulative incidence of serum
sodium level 2130 mmol/L with
death as a competing risk
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Follow-up time (days)
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1.0
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0.6 1
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0.0
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F 4 14 21 28
Follow-up time (days)



FETICEDNafHIENERR%Z
BT URINIERSRHOLE,

a [FEC I(ENatHEDI #REVAY 171k
secondary outcom P ot g

_ cD rRR

A Cumulative incidence of serum : [Na+]=2130 or 135mmol/LORIEFELER

sodium level 2130 mmol/L with Sera e o

1.0 | death as a competing risk 10 death as a competing risk
S
2008 __l = FR group

9 h g :----‘ Q 0.8 = == FR+FM group
S e S | 0 e FR+FM+NaCl group

[Na*t]=130 or 135mmol/LZER I 2 TCOEZL, BEFCOBEE(IRHOE.
[Na+]= 130mmol/L&&ER Uz BE0hIUBEEI A TORE T4 R (P=0.8).

[Na+]2135mmol/L&ERUZB L, FR+FM+NaCIB$TREMNT LBD2B85LDE
BN, BEEE>RHO(P=0.5).
0.0 {: ' . . ' 0.0

0 7 14 21 28 0 7 14 21 28
Follow-up time (days) Follow-up time (days)




Fluid intake (ml/d)

IKDIEENELRE

I FR group (n=31) I FR+FM+NaCl group (n=31)

6,000 -
10,000 - B FR+FM group (n=30)
i =09, =0.4 =0.5 =0.6 =0.03
S ~p=03  p=05  p=05 = p=07 = p=10 T ° { E e ) ey P 1
L 1 L 1 L 1 L 1 L 1 E 4,000
6,000 é
: o
[}
4,000 . s * <
S 2,000 -
2'000- ; l ;i : L L ;
- T 1 T
= =
O_TTT BT FFT TTT TTT ..
[=31 27 29 31 29 30 30 30 30 29 30 28 24 27 25 Jn=27 25 28 28 26 30 28 26 29 27 25 26 19 21 21
Baseline Day 1 ' Day 2 ‘ Day 3 ' Day 4 ' Baseline Day 1 Day 2 Day 3 Day 4

(randomization) (randomization)
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FR Group FR+FM FR+FM+NaCl
Variable (n=31) Group (n = 30) Group (n = 31) P
Death from any cause 3 (10%) 3 (10%) 4 (13%) 0.9
All adverse events 19 (61%) 16 (53%) 22 (71%) 0.4
Withdrawn from study due to adverse events 2 (6%) 3 (10%) 9 (20%) 0.03
Acute kidney injury 3 (10%) 5 (17%) 10 (32%) 0.07
Hypotension (BP < 90/60 mm Hg) 6 (19%) 4 (13%) 6 (19%) 0.8
Hypovolemia 1 (3%) 1 (3%) 0 (0%) 0.8
Thirst 7 (23%) 4 (13%) 7 (23%) 0.6
Significant hypokalemia (serum potassium < 3.0 mmol/L 4 (139 7 (239 13 (429 0.01
Severe hypomagnesemia (serum magnesium < 1.0 mEq/L) 0 (0%) 1 (3%) 2 (6%) 0.5
Hypercalcemia (serum calcium = 10.5 mg/dL) 0 (0%) 1 (3%) 0 (0%) 0.3
Fatigue 2 (6%) 1 (3%) 4 (13%) 0.5
Nausea/vomiting 1 (3%) 0 (0%) 2 (6%) 0.8
Decreased level of consciousness 1 (3%) 0 (0%) 2 (6%) 0.8
Overly rapid correction of serum sodium 2 (6% 2 (7% 4 (13% 0.7
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FR Group FR+FM FR+FM+NaCl

Variable (n=31) Group (n = 30) Group (n = 31) P
Death from any cause 3 (10%) 3 (10%) 4 (13%) 0.9
All adverse events . ' ' 22 (71%) 0.4
Withdrawn from study d O (20% 0.03

Acute kidney inju

Hypovolemia
Thirst

Fatigue

Hypotension (BP < 90/6

ignificant hypokalemia
Severe hypomagnesemi
Hypercalcemia (serum ¢

Nausea/vomiting

Decreased level of consé

FR+FM+NaCI&%Tl&
-BESBRICKDATRISOIEENEGRZ CTHoIZ(P=0.03)
KDV LAMAENERZ Téole(P=0.01)

-SMBREENMRZZ ThHOR(BRERL; P=0.07)

- TN LOBHIENRZ Tholc(BRZERL; P=0.7)

Qverly rapid correction of s&
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) (32%
5 (19%)
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4 (13%




Limitation
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Limitation(F#AR 1)
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Limitation(FAR2)

« SIADDIRRIC LB (PIHEEDBERRE)RE%Z 5 TVS Rl gEEN 3D,

AT TIISIADDIR X E DAL RSN DI

e Mild/severe®{&F NI AMAENEIEL TOWBICERENS T —EIC
[Na+]>13052L\I135%micUicE| &2 EHU THDERIAETESD

DHESHMIANEA

- BETODIEDIEENE0E&HU

- FB28HBICR > THEEERDGEL DX TaBEZITOTLIcELIZ e,
FBEORWI NI LZBIEBERMOIER]EEEN S




n Ik

SIADEEZIT UK 3 EERHIBE (500mI/day ) hhoRaisUIE.
BEEARIOERELZEDST, 3EIEEDEETHOHIMBENAES
ABERs: 124mmol/L

229w H: 125mmol/L

EECZ ABRBRNMREOIEFIRBAZ THOLE.

v Inclusion criteria%ziif=9

v’ Exclusion criterialc(3ZTIEE50)
v BaselineDFpELHENT 3




SE(GIADE S

« REAZFR Tl
« (FRE[Na*]+[K+])/ME[Na*t] =1 —=<1L/BH0KHIE
o (BkHP[Na+]+[K*])/miE[Na+t] >1 =><500mL/HD7K53HlE
THD, AAEHITIE
« FkHA[Na+] = 82mmol/L
« FREA[K*] = 14mmol/L FxH[Na+]+[K*])/ME[Na+] =1
e ME[Na+] = 124mmol/L

— ABRRFLD1L/HOKDHIPRZL TV ARAFTROSKIFHC—ER



REBIADIENE

- FRE¥, FR+FM&%, FR+FM+NaCl&fCTday4,14,28TD

MENafEOZ{LICERENBH L

« ABRBINSEEANMEI GV TOSERRNSSERFIREFEARICELD
SEBREEEFRIEIDURAINEVNEE RN

L

Bl E&LD, KDFHIPBEDHTHEARBETINIENaEZTIAO—7vIURHS
RIBEER I 3 AtteLicec s, E£3mBEIC130mmol/L, £45xHI(C
133mmol/LE T LRUBRBRNREREICERELULL.




Step5: Stepl-40REL

Step1l
Step2
Step3

Step4

SEBDENIL(PICO) —PICOICHY TmXARER

s S DR SR
s > D HEHIFIRS TR

RE BN DBt

—Advanced Research TI&%&

—>ZAFDONailE - BEEROFFEZ
THIBEEITIHESDD

—>BBEDORMFLERIXEARSBRZE(FR




4=\
' oht:

SIADDEREEL T, K HIRR + JOTZR + NaCITOAE(L,
K53l PR B AHEEH D NIK D HIRR + JOTZRTOABRELLERL
TN LA HRGRICHHIE TS a]EEEN DB,
SEEREEEIDLMAEDIRAIH BB

FBACBKIVERWVII M AZEIZEIRN.




