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Na 1315-14 154 130 130 130 140
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Clinical Question
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SPLIT trial (2015); Saline vs PL-148 for IcU fluid Therapy
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Kidney Injury Among Patients in the Intensive Care Unit
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SPLIT trial(2015)
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100%
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80%
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60%
40%
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0%
Saline 1110 1056 494 300
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Design
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Medical ICU - 34K, MIKkgZsEFEEENAR
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Trauma ICU - 31FK. Level 1 trauma center
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15,904 patients admitted 0 5 ICUs

K
5 ICUs randomized to
crystalloid sequence
............................ N N N i

[
Assigned sequence: I
odd-numbered months = balanced crystalioid :
even-numbered months = saine I

)

Assigned sequence:

i
i
odd-numbered months = saline '
even-numbered months = balanced crystaliok :

Medical ICU
5,383 patents
22 months

Trauma ICU
3,413 patients
14 months

Surgical ICU

1.311 patients
12 months

Neurological ICU

2.822 patients
18 months

Cardiovascular ICU
2.975 patents
16 months
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Randomization
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Outcomes

Primary outcome :
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Statistical Analysis

FATHRN S, £BE TOPrimary outcomeFEERZ22%
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JAMA 2015; 314:1701-10.
Am J Respir Crit Care Med 2017; 195: 1362-72.
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Statistical Analysis

fZHr (Lintention-to-treat fashion CHEiT

Primary outcome(d. generalized, linear, mixed-effects
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Medical ICU
5,383 patients
22 months

Trauma ICU
3.413 patients
14 months

Surgical ICU
1.311 patients
12 months

Neurological ICU
2.822 patients
18 months

Cardiovascular ICU
2.975 patents
16 months

1

.

A

l

2,648 assigned to saline 1,726 assigned to saline 649 assigned to saline 1,379 assigned to saline 1,502 assigned to saline
236 during Jun 2015 244 during Apr2016 84 during Jun 2016 170 during Nov 2015 196 during Jan 2016
244 during Aug 2015 260 durng Jun 2016 122 during Aug 2016 164 durng Jan 2016 191 during Mar 2016
233 during Oc¢t 2015 255 during Aug 2016 106 during Oct 2016 164 durng Mar 2016 182 during May 2016
267 during Dec 2015 252 during Oct 2016 110 during Dec 2016 159 durng May 2016 182 during Jul 2016
249 during Feb 2016 240 during Dec 2016 97 during Feb 2017 139 during Jul 2016 188 during Sept 2016
250 during Apr 2016 214 dunng Feb 2017 130 during Apr2017 135 during Sept 2016 198 during Nov 2016
248 during Jun 2016 261 durng Apr2017 156 during Nov 2016 178 during Jan 2017
236 during Aug 2016 662 assigned to balanced 153 durng Jan 2017 187 during Mar 2017
246 during Oct 2016 1,687 assigned to balanced 108 during May 2016 139 during Mar 2017
230 during Dec 2016 222 during Mar 2016 97 during Jul 2016 1,473 assigned to balanced
209 during Feb 2017 251 durng May 2016 95 during Sept 2016 1,443 assigned to balanced 214 during Dec 2015

259 during Jul 2016 108 during Nov 2016 170 during Oct 2015 187 during Feb 2016

2,735 assigned to balanced 259 during Sept 2016 118 during Jan 2017 163 durng Dec 2015 188 during Apr2016
244 during Jul 2015 245 during Nov 2016 136 during Mar 2017 165 during Feb 2016 179 dusing Jun 2016
254 during Sept 2015 228 during Jan 2017 164 durng Apr 2016 178 during Aug 2016
228 during Nov 2015 223 during Mar 2017 155 durng Jun 2016 180 dusing Oct 2016
286 during Jan 2016 159 dunng Aug 2016 182 during Dec 2016
264 during Mar 2016 145 durng Oct 2016 165 during Feb 2017
249 during May 2016 161 durng Dec 2016
239 during Jul 2016 161 during Feb 2017

238 during Sept 2016
234 during Nov 2016
245 during Jan 2017
254 during Mar 2017

vy \d y v o

5.381 included in analysis 3,328 included in analysis 1,305 included in analysis 2.817 included in analysis 2.971 included n analyss

2,646 In salne group 1,688 In saline group 648 In salne group 1.377 in saine group 1.501 in saine group
2.735 in balanced group 1,640 in balanced group 657 in balanced group 1.440 in balanced group 1.470 n balanced group
2 excluded for age < 18 85 excluded forage < 18 6 excluded for age < 18 5 excluded forage < 18 4 excluded for <18

' £HPT15802%& 7= f##fT

15,802 included in the primary analysis

7,860 in the saline group S: 7860%
7.942 in the balanced group B : 7942% 33




Table 1. Participant Characteristics at Baseline.®

Balanced Crystalloids Saline

Characteristic (N=7942) (N=7360)
Age —yr

Median 58 58

Interquartile range 44-69 44-69
Male sex — no. (36) 4540 (57.2) 4557 (58.0)
White race — no. (%) 6384 (80.4) 6322 (80.4)
Weight — kgt

Median 80 79

Interquartile range 69-96 68-95
Coexisting renal conditions — no. (%)

Chronic kidney disease of stage 3 or higher{ 1388 (17.5) 1360 (17.3)

Previous receipt of renal-replacernent therapy — no. (%) 384 (4.8) 402 (5.1)
Source of admission to ICU — no. (%)

Emergency department 3975 (50.1) 3997 (50.9)

Operating room 1732 (21.8) 1649 (21.0)

Transfer from ancther hospital 1038 (13.1) 1018 (13.0)

Hospital ward 788 (9.9) 780 (9.9)

Outpatient 363 (4.6) 359 (4.6)

Ancther ICU within hospital 46 (0.6) 57 (0.7)

34




Diagnosis on ICU admission — no. (%6)

Sepsis or septic shock 1167 (14.7) 1169 (14.9)

Traumatic brain injury 698 (8.8) 665 (8.5)
Mechanical ventilation — no. (%6) 2723 (34.3) 2731 (34.7)
Vasopressors — no. (%) 2034 (26.4) 2058 (26.2)
Mean predicted risk of in-hospital death — %6 (95% C1)9| 9.4 (9.0-9.9) 9.6 (9.2-10.0)
Baseline creatinine level — mg/dl |

Median 0.89 0.89

Interquartile range 0.74-1.10 0.74-1.10
Acute kidney injury of stage 2 or higher — no. (%6)** 681 (8.6) 643 (8.2)

FRnDPIYE(L58/%. 57.6% N B4
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Balanced Saline
Most recent value in 12 months prior to hospitalization™® n (n=7942) (n = 7860)
Plasma sodium. mmol/L 7677 139 [136-141] 139 [136-141]
Plasma potassium, mmol/L 7675 42[3.845] 41[3.845]
Plasma chloride, mmol/L 7675 103 [100-106] 103 [100-106]
Plasma bicarbonate, mmol/L 7675 25 [22-27] 25 [22-27]
Plasma blood urea nitrogen, mg/dL 7677 17 [12-25] 17 [12-25]
Plasma creatinine, mg/dL 7770 0.94 [0.77-1.31] 0.95 [0.76-1.32]
First value between hospitalization and ICU admission¥
Plasma sodium. mmol/L 11562 138 [135-140] 138 [136-141]
Plasma potassium, mmol/L 11558 4.1[3.745] 41[3.745]
Plasma chloride, mmol/L 11547 104 [100-107] 104 [100-108]
Plasma bicarbonate, mmol/L 11505 22 [20-25] 22 [20-25]
Plasma blood urea nitrogen, mg/dL 11547 17 [12-27] 17 [12-27]
Plasma creatinine, mg/dL 11583 1.0[0.8-1.4] 1.0 [0.8-1.5]
== A72 A tl:% —_
NR—RATADEHHKE. FFICCHE
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Balanced Crystalloid Saline

Overall (n="7942) (n = 7860) P value

0.9% sodium chloride, median [IQR]; mean = SD, mL 0[0-0]; 125 =465 0 [0 —250]; 400 = 896 <0.001

Balanced crystalloid, median [IQR]; mean = SD, mL 0[0-1200]; 790 = 1329 0[0-400]; 476 = 1073 <0.001
Medical ICU

0.9% sodium chloride, median [IQR]; mean = SD, mL 0[0-0]; 212 =629 00— 1000]; 700 = 1158 <0.001

Balanced crystalloid, median [IQR]; mean = SD, mL [0 - 1000]; 676 = 1250 0[0-0]; 178 =632 <0.001
Trauma ICU

0.9% sodium chloride, median [IQR]; mean = SD, mL 0[0-0]; 14+ 159 0[0-0]; 167 =420 <0.001

Balanced crystalloid, median [IQR]; mean = SD, mL 0[0—-400]; 381 =863 0[0-0]; 184 =691 <0.001
Cardiac ICU

0.9% sodium chloride, median [IQR]; mean = SD, mL 0[0-0]; 60 =296 0[0-0]; 40 = 198 0.49

Balanced crystalloid, median [IQR]; mean = SD, mL 0 [0 - 1500]; 761 = 1069 456 [0 - 1450]; 807 = 1038 0.02
Neurological ICU

0.9% sodium chloride, median [IQR]; mean + SD, mL 0[0-0]; 144 £ 427 0 [0 - 500]; 488 = 1009 <0.001

Balanced crystalloid, median [IQR]; mean = SD, mL 00— 1600]; 899 = 1384 0[0—-600]; 463 =954 <0.001
Surgical ICU

0.9% sodium chloride, median [IQR]; mean + SD, mL 0[0-0]; 149 =492 0 [0 —-500]; 428 = 849 <0.001

Balanced crystalloid, median [IQR]; mean = SD, mL 1900 [0 —3200]; 2125 = 2006 1200 [0 —2900]; 1724 = 2074 <0.001
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A Balanced-Crystalloids Group B Ssaline Group
e e 0.9% Sodium chloride
Balanced crystalloids foes f-- -1
2000- 2000- &,,-'I"
=" ] lf‘
S s S s
= 1 ’
§ D
> > g
,g 1000 .g 1000 -
K| K. |
3 3
E 0.9% Sodium chloride E :
O 50 *___,---f--'* O 50 |
o bl 8 Balanced crystalloids
o - B G v o=
' g "/._____.———-"—'—'— . B )
- '
04 &7 0+
1 T |l I 1 I ] 1 I ] 1 1] I ] L T
0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7
Days since ICU Admission Days since ICU Admission

e EmReER ClEHRIRELI000m! (IQR, 0-3210ml ) .
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Balanced Crystalloid Saline
(n = 7942) (n = 7860) P value
0.9% sodium chloride, median [IQR]: mean = SD, mL
In the 24 hours prior to ICU admission 0[0-0]; 125 =465 0 [0 - 250]; 400 = 896 <0.001
Cumulative volume from ICU admission through day 3 0[0-0]); 374 = 1300 1000 [0 —2900]; 1935 = 2873 <0.001
Cumulative volume from ICU admission through day 7 0[0-0]); 556 = 1789 1000 [0 —3231]; 2275 = 3488 <0.001
Cumulative volume from ICU admission through day 14 0[0-0]; 727 = 2488 1000 [0 — 3440]; 2468 = 4080 <0.001
Cumulative volume from ICU admission through day 30 0[0-77]; 832 = 3003 1020 [0 — 3500]; 2569 = 4475 <0.001
Cumulative volume from ICU admission through ICU transfer 0[0-0]; 492 = 2303 1000 [0 —3000]; 2171 = 3942 <0.001
Prior to an ICU crossover in fluid assignment 0[0-0]; 323 = 1571 1000 [0 - 3000]; 2122 = 3763 <0.001
After an ICU crossover in fluid assignment 0[0-0]); 169 = 1563 0[0-0];49=943 <0.001
Cumulative volume from ICU transfer to hospital discharge 0[0-0]; 364 = 2008 0[0-0]; 420 = 2036 0.01
In the 24 hours prior to ICU admission 0 [0 - 1200]; 790 = 1329 0[0-400]; 476 = 1073 <0.001
Cumulative volume from ICU admission through day 3 1000 [0 —2836]; 1872 = 2744 0[0-0]; 142 =859 <0.001
Cumulative volume from ICU admission through day 7 1000 [0 —-3000]); 2117 = 3157 0[0-0];238= 1244 <0.001
Cumulative volume from ICU admission through day 14 1000 [0 —3155]; 2237 = 3446 0[0-0];318= 1574 <0.001
Cumulative volume from ICU admission through day 30 1000 [0 —-3210]; 2274 = 3553 0[0-0]:374=1795 <0.001
Cumulative volume from ICU admission through ICU transfer 1000 [0 —3000]; 2083 = 3310 0[0-0];:216= 1394 <0.001
Prior to an ICU crossover in fluid assignment 1000 [0 —3000]; 2074 = 3303 0 [0-0]; 70 = 652 <0.001
After an ICU crossover in fluid assignment 0[0-0]; 9166 0[0-0]; 146 = 1222 <0.001
Cumulative volume from ICU transfer to hospital discharge 0[0-0); 1971152 0[0-0]); 167=1163 0.07
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m=aCl, HCO3®m;
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A Chloride Concentration

P<0.001
106+
T
=
? 105
é Saline
:8 104 -
S
(¥}
103 -
Balanced crystalloids
0~ T T T

] T T T
0 1 2 3 4 5 6 7
Days since ICU Admission

No. of Patients with

Measurement
Balanced crystalloids 6904 4715 3263 2195
Saline 6747 4669 3283 2172

B Bicarbonate Concentration

Balanced crystalloids

Saline

P<0.001
= 254
P
—
]
E 24
E
8
E 23+
8 2
A
04— .
0 1

No. of Patients with

Measurement
Balanced crystalloids 6929
Saline 6763
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Days since ICU Admission

2198
2175

3266
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Primary outcome

Balanced Crystalloids Saline Adjusted Odds Ratio
Outcome (N=7942) (N=7860) (95% CI)} P Value}
Primary outcome
Major adverse kidney event within 30 days — no. (%)% 1139 (14.3) 1211 (15.4) 0.90 (0.82 to 0.99) 0.04
Components of primary outcome
In-hospital death before 30 days — no. (%) 818 (10.3) 875 (11.1) 0.90 (0.80to 1.01) 0.06
Receipt of new renal-replacement therapy 189/7558 (2.5) 220/7458 (2.9) 0.84 (0.68 to 1.02) 0.08
— no./total no. (%)§
Among survivors 106/6787 (1.6) 117/6657 (1.8)
Final creatinine level 2200% of baseline 487/7558 (6.4) 494 /7458 (6.6) 0.96 (0.84 to 1.11) 0.60
— no./total no. (%)§
Among survivors 259/6787 (3.8) 273/6657 (4.1)
Among ;u rvivors without new renal-replacement 215/6681 (3.2) 219/6540 (3.3)
therapy

Primary outcome Tdpd
30HLEINMDMajor adverse kidney event(d.

FREF15.4%. EERBREF14.3%
BRICEREGFTEL (P=0.04) (NNT=94)




Primary outcome
R g

Analysis n Odds Ratio 95% CI P Value

Primary analysis (intention-to-treat)
Generalized linear mixed-effects model for the primary
outcome of MAKE30 with fixed effects (group assignment,
age, sex. race, source of admission, mechanical ventilation,
vasopressor receipt, diagnosis of sepsis. and diagnosis of
traumatic brain mnjury) and random effects (ICU)

15.802 0.90 0.82-0.99 0.04

Modified intention-to-treat
The primary analysis was repeated among patients for whom =

500 ml of 1sotonic crystalloid was ordered 1n the 72 hours after
ICU admission

11,123 091 0.81-1.02 0.09

“Washout period” analysis
The primary analysis was repeated excluding patients admitted
in the 7 days prior to a crossover 1n ICU crystalloid assignment
(stmulating a washout period)

12.487 0.91 0.82-1.02 0.11

Excluding patients who experienced crossover or ICU transfer
The primary analysis was repeated excluding patients who
remained in the ICU through a crossover in crystalloid
assignment or who were transferred between study ICUs

12,091 0.93 0.83-1.05 0.25

First ICU admission
The primary analysis was repeated including only the first 13.949 091 082-101 0.09
ICU admuission 1n the study for each patient
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Primary outcome
RE D

Alternative approaches to baseline creatinine

The pnimary analysis was repeated among the 14,113 patients
(89.3%) with a measured creatinine between 12 months priorto | 14.113 0.87 0.79-097 0.01
hosoital admission and enrollment (“comolete cases’)

Alternative approaches to multivariable modeling

Generalized linear mixed-effects model used for the pnimary
intention-to-treat analysis (as above) with the additional 15.802 0.88 0.79-098 0.02
covariate of predicted m-hospital mortality as a fixed effect

Generalized linear mixed-effects model for the pnmary
outcome of MAKE30 with group assignment and time from

15.802 0.91 0.83-0.99 0.04

RE AT Cprimary outcome®

BEENBEEXUZDIE,
A 725 C500m LB o= Ul EEE Y
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ERICE] 'Oﬁ [ FH\]) 'O**?I’)D t,u\%%‘:ﬁéf% UTcEF
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Primary outcome®tY )L — TR

Balanced P Value for
Subgroup Crystalloids Saline Odds Ratio (95% Cl) P Value Interaction
no. of events/total no. (%)
Unit 5 0.27
Medical 615/2735 (22.5) 659/2646 (24.9) . 0.87 (0.77-0.99)  0.04
Cardiac 202/1470 (13.7) 190/1501 (12.7) —e 1.10(0.89-136) 038
Neurologic 116/1440 (8.1) 141/1377 (10.2) \ 0.77 (0.59-0.99)  0.04
Trauma 131/1640 (8.0) 142/1688 (8.4) . 095 (0.74-1.21)  0.66
Surgical 75/657 (11.4)  79/648 (12.2) a 0.93 (0.66-1.30)  0.66
Sepsis 0.06
No 744/6775 (11.0) 756/6691 (11.3) e 0.96 (0.86-1.07) 047
Yes 395/1167 (33.8) 455/1169 (38.9) — 0.80 (0.67-0.94) 0.0l
Traumatic brain injury ' 0.24
No 1034/7244 (14.3) 1118/7195 (15.5) e 0.89 (0.81-0.98) 0.0l
Yes 105/698 (15.0)  93/665 (14.0) — 1.09 (0.81-1.47) 058
Categories of kidney function 0.19
Normal 476/5596 (8.5) 514/5561 (9.2) — 091 (0.80-1.04) 0.16
Acute kidney injury 315/574 (54.9)  316/537 (58.8) — 0.85 (0.67-1.08)  0.18
Chronic kidney disease 301/1388 (21.7) 307/1360 (22.6) e 0.95 (0.79-1.13)  0.55
Previous renal-replacement  47/384 (12.2) 74/402 (18.4) - : 0.61 (0.41-0.91) 0.01
therapy '
Overall 11397942 (14.3) 12117860 (15.4) —0—- 091 (0.83-0.99)  0.04
OES 0?6 0]7 1l0 1'2 IIS

AFRICU. Neuro ICU. BUIMAEEE. TBITRVLEE., I CICBERINTLIEE. D
HIJO)—THC. EEREREE Cprimary outcomehNBERICEF
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Incidence of MAKE30
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Secondary outcome

Secondary outcomes Balan;d-ony:;;loods (N= 7“0] M’"';;;",?gﬁ; Ratio P Valuef
In-hospital death — no. (%)
Before ICU discharge 528 (6.6) 572 (7.3) 0.89 (0.78 to 1.02) 0.08
Before 60 days 928 (11.7) 975 (12.4) 0.92 (0.83 to 1.02) 0.13
ICU-free days| 0.94
Median 25.3 25.3 1.00 (0.89 to 1.13)
Interquartile range 22.1t0 26.6 22.2 to0 26.6
Mean 21.8+8.3 21.7+8.6
Ventilator-free days9§ 1.06 (0.97 to 1.16) 0.22
Median 28.0 28.0
Interquartile range 26.0to 28.0 26.0to 28.0
Mean 24.218.6 23.9+8.9
Vasopressor-free days9 1.05 (0.97 to 1.14) 0.26
Median 28.0 28.0
Interquartile range 27.0to0 28.0 27.0to0 28.0
Mean 24.7+8.5 24.41+8.3
Renal-replacement therapy—free days¥ 1.11 (1.02 to 1.20) 0.01
Median 28.0 28.0
Interquartile range 28.0to 28.0 28.0to 28.0
Mean 25.0+8.6 24.8+8.9
Renal replacement therapy free days(d.
ImREREF CARICEL) .



Secondary outcome

Balanced Crystalloids Saline Adjusted Odds Ratio

Secondary renal outcomesf (N=7542) (N=7860) (95% CI)f

Stage 2 or higher AKI developing after enrollment 807/7558 (10.7) 858/7458 (11.5) 0.91 (0.82 to 1.01)
— no./total no. (%)

Creatinine — mg/dI**

Highest before discharge or day 30 1.01 (0.97 to 1.05)
Median 0.99 0.99
Interquartile range 0.78 to 1.53 0.78 to 1.52
Change from baseline to highest value 0.98 (0.94 to 1.02)
Median 0.04 0.04
Interquartile range -0.08 t0 0.31 -0.08 to 0.32
Final value before discharge or 30 days 1.02 (0.97 to 1.06)
Median 0.83 0.83
Interquartile range 0.70to 1.11 0.70to 1.11

%@ﬁl@secondary outcomeld
mEFE CEREER U

—

P Valuef

0.09

0.58

0.35

0.51
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Discussion
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Limitation
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SMART trial
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SALT-ED trial
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Plasma-Lyte 148® versUs Saline (PLUS) Study
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