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TSA &5 R, Z H&RERA i A m FHE R H 51 TSA FHE, H R IR
AEIXFHEFEE, RPN AASKCRIA AL R, PhH 5%
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Abstract

ABSTRACT

Objective:

We performed a systematic review and meta-analysis to evaluate whether the use
of balanced crystalloids compared with saline reduce mortality and/or the occurrence
of acute kidney injury (AKI) in intensive care unit (ICU) patients.

Methods:

A systematic search of PubMed, EMBASE, and the Cochrane Library was
performed from database inception to December 31, 2022. Randomized control trials
(RCT) comparing balanced crystalloids and normal saline in ICU patients were
selected. The primary outcome was mortality at the longest follow-up. Secondary
outcomes included the incidence of AKI and new renal replacement therapy (RRT).
The risk of bias of the included trials was assessed by the Cochrane risk-of-bias
algorithm. The data were extracted and assessed according to Cochrane Handbook.
Meta-analysis was conducted with RevMan 5.3 software. Trial sequential analysis
(TSA) was conducted to control random errors for primary outcome and to estimate
the required information size.

Results:

A total of 35,456 patients from eight studies were included. There was no
significant difference between balanced crystalloids and saline in mortality (risk ratio
[RR]: 0.96; 95% confidence interval [CI]:0.92 - 1.01 ; P=0.09). TSA analysis
indicated the cumulative Z-curve did not cross the conventional boundary and the
TSA threshold line, and reached the required information size. This means that future
studies that evaluate ICU patients will probably not change our conclusions. There
were no significant differences between balanced crystalloids and saline in the
outcomes of the incidence of AKI (RR: 0.97; 95% CI 0.90 - 1.01; P=0.08) and
new RRT (RR:0.93;95% CI10.93 - 1.02; P=0.11). We did subgroup meta-analyses
on mortality by different diseases. Three RCTs including 1906 patients were enrolled
traumatic brain injury (TBI) subgroup, and four RCTs including 31524 patients were
enrolled non-TBI subgroup. The subgroup analysis with TBI showed lower mortality
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Abstract

in patients receiving saline (RR:1.25; 95% CI 1.02 - 1.50; P=0.03). However, in
patients with non-TBI, balanced crystalloids achieved lower mortality than normal
saline (RR: 0.94; 95% CI 0.90 - 0.99; P=0.02). Four RCTs reported data of patients
with sepsis , including 6501 sepsis patients and 26925 non-sepsis patients. The
subgroup analysis with sepsis showed lower mortality in patients receiving balanced
crystalloids (RR: 0.93; 95% CI 0.87 - 1.00 ; P=0.04). However, there was
statistically significant in non-sepsis subgroup ( RR: 0.98; 95% CI 0.92 - 1.04;
P=0.46).
Conclusion:

1. Compared with saline, balanced crystalloids may not improve the outcomes of
ICU patients, and future studies that evaluate ICU patients will probably not change
our conclusions. 2.Balanced crystalloids increase the risk of death in patients with
TBI. 3. Future studies should focus on patients with specific diseases, such as TBI or
sepsis, to evaluate which specific patient would most likely benefit from balanced

crystalloids and which would benefit from saline.

Key Words: Balanced crystalloids, Saline, Intensive care unit, Meta-analysis, Trial

sequential analysis
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1 ICU B3, Wik Pl kit 24 Bk K — B A

Meta 43 BT 32 N T BOR 2. 16897 U LRIRITW . |
TR AR R AT, TFEXS R — 8 Meta 73BT 58, REH P <0.05
WAEG 22 5, BEEMERIRIL TR (REM MR 10% - 30%.
TSA 2 AT 51 st PE a2 b A s o I AR 51N meta 437, P DAL 5
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RCT #47 Meta 77 #7 A1 TSABl, TSA 5 R K 0, [FIZEFEKME, P AR
G E B AKT R AR AT Z, JF H Meta 73 B 99 N (IR A 838 K1k
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B2EMHNERE

2.1 EMAE R SRR

% Meta 71777 % /£ PROSPERO _E7EM, /TS CRD42022304749,
I H ™ #% #% B Cochrane Handbook #4751, A Hff 5T R 4t Hu £ 2 Pubmed
Embase (¥ & Al Cochrane Library 048 72, #6 2 SCHR & 3R W) 18] B 9 B4R P2 4 57
2022412 A 31 H, BT HRENEL. R HE T A “balanced crystalloid
solutions” v “saline solution” . “fluid management” . “intensive care units” .

bh

“critically ill patients”%% .

KR

PubMed:

1#: (Ringer*) AND (lactat* OR acetate®* OR solution*)

2#: balance™ OR buffer* OR balanced crystalloid solutions OR balanced salt
solutions OR buffered crystalloids

3#: (“Plasma Lyte” OR Plasmalyte OR Plasma-Lyte OR Normosol OR Elo-Mel
OR Elomel OR Sterofundin)

4#: normal saline OR 0.9% sodium chloride OR isotonic saline OR saline*

5#: ("intensive care units" (MeSH) OR "emergency service, Hospital"[MeSH]
OR "critical illness"[MeSH] OR "intensive care" OR emergency OR "critical illness"
OR "critically ill" OR "critical care" OR ICU OR 24-hour*)

(1# OR 2# OR 3#) AND 4# AND 5#

Embase:

1#: 'balanced salt solution'/exp OR balance*:ti, kw OR buffer*:ti, kw OR
'buffer'/exp

2#: 'acetic acid plus gluconate sodium plus magnesium chloride plus potassium
chloride plus sodium chloride'/exp OR 'plasma lyt*":ti, kw OR plasmalyt*:ti,kw OR
((low NEAR/3 chlorid*):ti,kw) OR ionolyt*:tikw OR jonolyt*:ti,kw OR
sterofundin*:ti,kw OR isofundin*:ti,kw OR isolyte*:ti,kw OR normosol*:ti,kw OR

plasmasol*:t,kw OR ringerfundin*:ti,kw OR 'calcium chloride plus potassium
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chloride plus sodium chloride'/exp OR 'krebs ringer*':ti,ab,kw OR ringers:ti,ab,kw
OR ringer:ti,ab,kw OR 'ringer s"ti,ab,kw OR hartmann*:ti,ab,kw OR hartman*:ti,ab,
kw OR 'krh solution*':ti,ab,kw OR 'ars solution*":ti,ab,kw

3#: 'sodium chloride'/exp OR saline:ti,ab,kw OR nacl*:ti,ab,kw OR 'sodium
chlorid*":ti,ab,kw OR salt:ti,ab,kw OR ((high NEAR/3 chlorid*):ti,ab,kw

4#: 'infusion fluid'/exp OR 'solution and solubility'/exp OR 'crystalloid'/exp OR
'intravenous drug administration'/exp OR infusion*:ti,kw OR infusat*:ti,kw OR
intravenous®:ti,kw OR crystalloid*:ti,kw OR fluid*:ti,kw OR solution*:ti,kw OR
'sodium chloride'/exp OR saline:ti,kw OR nacl*:ti,kw OR 'sodium chlorid*":ti,kw

(1# OR 2#) AND (3# OR 4#)

Cochrane Library:

(balance®* OR buffer* OR balanced crystalloid solutions OR balanced salt
solutions OR buffered crystalloids) AND (normal saline OR 0.9% sodium chloride
OR isotonic saline OR saline*) AND (intensive care units OR critical illness OR

intensive care OR critical illness OR critically ill OR critical care OR ICU)

2.2 PANFRERHERR AR

IANFRHE: (1D WFFN RN ICU 2R IE T IR B3 s (20 EREGH ik
WP S 5 A K K E TR/ B GE R IR IT s (3) BEFRARIE T LA /b —Ti4S
JA: FETCE. AKI BTk RRT HIRAR; (4) BT A RCT. JE RCT. 3
f FRE AR RIS DA SO A B ARAT AN o ) 38 4 B

2.3 Wik

P A4 ST A B b IR AGE R SRS 7 32 ) ) SCE AR AT A 2, AHERR ]
AMRIISCE o Qs ORI EETC 2RI W B A5 & Fride e v, BRI 4: SCR A
RIPGEEMRAT T (2D —2EZEF) W3, HTamth. fFamA
PRAE R SCE A AEE 7RI VPAG . P 0 B g i b

2.4 BHEHEE
P44 B S T SN ST B SR, I LS U X 25 R H5 AR 5
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AR5 Cochrane i fay KUK T 2% B 49 A BIF 78 1EAT () 4 42 IXURS: DA e
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SE T TS o A < 465 ) 008 P 175 R 0 36 PR R 45 45 R4 S N T IR AT O
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“rE U7
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WA E R /N B BEDT I RIJE TR, IREL /AR AKLRER . Frk
RRT [ 5 A3 K ML iE AR &0 LA AN RE & IR RONAE,  FRATU %4
AT R G ERE . N T IREIGTT ORI S, FATTH IR . o™
FEE . PIA PP SRIEAT WAL T o

2.7 Geit 4R
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TG e s N AR . DRI, AT 2 Ll A P R 6 (1) N R 55 . BaSICS {56 Al
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Zampieri LRa . Plasma-Lyte N R
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etal ICU 148
Lactated N
Semler Zia o Ringer’s/ 30K }:§$\
2018 1 15802 WARIRYT - 1000/1020 30 K R E Ak 60 K
etal Icu Plasma-Lyte
148 *
Ratanarat 7 KN AKI K
2017 ICU NR 181 WS T5 Sterofundin - 11158/11189 72 /N ] NR
etal R
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Seml Ringer's/ 30 RN EEA
emiler mger s
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148 *
Verma AT Plasma-Lyte . ‘ 4 PN T A R R
. 2016 TI:U 3 67 ARG 148 Y 1090/1275 2900/3400 ICU 1E B 91 : i o {ERE A
et al
Young stk N Plasma-Lyte e S T
al 2015 U 2 2278 WARIGYT 148 1226/1431 2000/2000 ICU fE:RciilE]  RRT R4 3 B¢ 1998
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5L Finfer2022 Zampieri2021 Semler2018 Ratanarat2017 Selmer2017 Verma2016 Young2015 Young2014
SEHJAERY
, 62 61 58 - 57 63 61 39
%)
T 1485
3089 (61.33) 586 (55.84) 9097 (57.57) - 514 (52.77) 42 (62.69) 35 (21.21)
(N> %) (65.19)
P E AR
19 12 - - - 20 14 23&
APACEIL
NGBS 3742 (74.29) 4644 (44.14) 5454 (34.51) - 329 (33.78) 38 (56.72) 1499(65.80) -
AKI - - 1324 (8.38) - 183 (18.79) - - 0 (0
RRT 101(2%) - 784(4.97) - 86 (8.83) 2 (2.99) - -
USLELES
& 2ng 2117 (42.03) 1981 (18.83) 2336 (14.78) - 260 (26.69) 7 (10.45) 84 (3.69) -
TBI 0 (0 483 (4.59) 1363 (8.62) - - - 57 (2.50) -
Bf5 415 (8.23) - - - - 2 (2.99) 101 (4.41) -
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Bias arising from the randomization process

Bias due to deviations from intended interventions
Blas due to missing outcome data

Bias in measurement of the outcome

Bias in selection of the reported result

Overall
0% 28% 50% 78%  100%
.Low risk of bias DUnclearrisk of bias .High risk of hias
B 4 i e XS DA
3.3 Meta Str4&ER
3.3.1 FKIEIFRAE TR

7 ARG 14 108U E B AET R, it 34517 B, HRIR AL R E
FPE (P=0.009, P=0%), MUK EMMNAS ., 4R ER, PaEhH 55
KA TR LB E EZ S (RR: 0.93; 95% CI10.86-1.02; P=0.09), WK
5. RIS Ml 52 T U RG22 30 bn: TRERMER 5% AHX fa i B BEAR 2.90%
A IR L S F R AR 18.20% . TSA 455 IR RIS 4 33411 %1, H T Meta 7347
RFEAR N 34517, @it 7 RIS, HRRN Z ERF LS FAEF TAS FHH,
TSA 25 37 meta ATHIZE R, WHE 6.

3.3.2 BlEEXER

A 7 AL 124 T AR R AR s, ot 24593 4. AEELERKA
bl AKI IR AR LG4 E 7 (RR:0.97; 95% C10.90-1.01; P=0.08;
P=0%), WK 7. A 7 WHA5E 14 1920840t 7 & RRT B4, HLit 33830 {4,
A A= 38 Eh KA bE, P18 35 5 A s/ B BB 3 BB K RRT K A2 (RR: 0.93;
95% CI0.93-1.02; P=0.11; P=19%), ./ 8.

2022 4F R F 1) PLUS iRIGIIR IR AKT (R4S, HELE T 4R ICU 13
Bt A IR LR 7K P fe R o P-4l SR 28 1M 38 LI 7K~ (1)~ 2 e KB 0.41£1.06
mg/dL, AFE KA N 0.41£1.02 mg/dL, ZF N 0.01 mg/dL (95% CI, -0.05 =
0.06) 11,
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PLUS k58, [FIZEEE E KA AHLL, P4 & 4 1 i S 7K 7 2 25 PR AR
(Mean difference: -1.99; 95% CI-2.21 £ -1.76) [, BaSICS &3 & 7% 7 £h
A B A KA B S TP AL (P<<0.001) U4, 2018 4F Semler
ENKRINRCT KRB, P4 3k b i % AR B Ee A 2 3K AAIG (P<0.001)
(91, 2017 £ KR WF 7 LR T BEHLIL 30 K P fie e O L2 AL YK, AP £

Events

Study or Subgroup

Young2014 3 22 4
Young2015 87 1152 95
Verma2016 5 33 2
Semler2017 87 520 83
Semler2018 928 7942 975
Zampieri2021 1381 5230 1439
Finfer 2022 530 2433 530
Total (95% CI) 17332

Total events 3021 3128

Heterogeneity: Chi? = 2.70, df = 6 (P = 0.85); 1= 0%
Test for overall effect: Z=1.71 (P = 0.09)

KA Z & TP Ehd (P =0.03) 20,

ystalloid  Normal saline

Risk Ratio Risk Ratio
Total Events Total Weight M-H, Fixed. 95% Cl Year M-H. Fixed. 95% Cl
24 0.1% 0.82[0.21, 3.25] 2014
1110 3.1% 0.88[0.67, 1.17] 2015 =
34 0.1% 2.58 [0.54, 12.36] 2016 ]
454 2.8% 0.92[0.70, 1.20] 2017 -
7860 31.3% 0.94[0.87, 1.02] 2018 .
5290 45.7% 0.97 [0.91, 1.03] 2021 ]
2413 17.0% 0.99[0.89, 1.10] 2022 »
17185 100.0% 0.96 [0.92, 1.01]
t + t d
0.01 0.1 1 10 100

Favours [Balamced] Favours [Normal saline]

K s i KBV PR T R AR . P4 i3 17332 151, A= FEER K4 17185 6], JRAER
SR 17.43% (3021/17332) F118.05% (3128/17185). [AIZEFREh/KAHEL, “PH7Eh A RE[%

Z-curve

H+2 -2, RopMLGEZETE PN 0.05, B AREMARILHIX IR TSA IR Eh Z i
LA TG AR A B TSA Ve, HRIFRMEEEZES RIS (33411, KT
FRALRGS ALY ROBcH Geit 4257, o B2 ISR RIEM] .
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Balanced crystalloid  Normal saline Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H. Fixed. 95% Cl Year M-H. Fixed. 95%Cl = |
Young2014 3 22 6 24 0.3% 0.55[0.15, 1.92] 2014 S
Young2015 105 1067 104 1025 5.3% 0.97 [0.75, 1.25] 2015 wI=
Verma2016 1 33 3 34 0.1% 0.34 [0.04, 3.14] 2016 T
Semler2017 97 520 87 452 4.6% 0.97 [0.75, 1.26] 2017 5 il
Ratanarat2017 64 88 69 93 3.3% 0.98 [0.82, 1.17] 2017 %
Semler2018 807 7558 858 7458 43.0% 0.93[0.85, 1.02] 2018 :
Zampieri2021 850 3125 865 3094 43.3% 0.97 [0.90, 1.05] 2021
Total (95% CI) 12413 12180 100.0% 0.95 [0.90, 1.01] |
Total events 1927 1992 ) ) ) )
Heterogeneity: Chi? = 2.30, df = 6 (P = 0.89); I* = 0% P L y |
Test fo?over'zll effect: Z = 1.75 (P(= 0.08) : 08 O L 1o . L
Favours [Balanced] Favours [Normal saline]

K 7 AKL K AR RIRE . PaTEh4H B 12413 1], A EL KA 12180 #1], AKI K44y
N 15.89% (1927/12413) F116.35% (1992/12180). [RIAFEER/KAHLL, P17 Eh A fE FFA%
ICU #3% AKI kA% (RR=0.95, 95%CI0.90~1.01, P=0.08).

Balanced crystalloid  Normal saline Risk Ratio Risk Ratio

|_Study or Subgroup Events Total Events otal Weight M-H. Fixed. 95% ClI Year M-H. Fixed, 95% CI
Young2015 38 1152 38 1110 3.8% 0.96 [0.62, 1.50] 2015 2
Verma2016 5 33 3 34 0.3% 1.72[0.45, 6.62] 2016 — [
Semler2017 24 520 14 452 1.5% 1.49[0.78, 2.85] 2017 1T
Ratanarat2017 4 88 12 93 1.1% 0.35[0.12, 1.05] 2017 - |
Semler2018 189 7588 220 7458 21.6% 0.84 [0.70, 1.02] 2018 Bl
Zampieri2021 393 5218 427 5287 41.4% 0.93[0.82, 1.06] 2021
Finfer 2022 306 2403 310 2394 30.3% 0.98 [0.85, 1.14] 2022
Total (95% CI) 17002 16828 100.0% 0.93 [0.86, 1.02]
Total events 959 1024
Heterogeneity: Chi? = 7.39, df = 6 (P = 0.29); I = 19% ¥ ¥ 1 v 1
Test fo?over;lll effect: Z = 1.59 (P(= 0.11) ) .01 0:A 1 10 i 100
Favours [Balanced] Favours [Normal saliine]

K 8 ¥k 5% RRT ARMIE . P EhaH B35 17002 5], AEFEE/KZH 16828 4, #rk RRT
KRN 5.64% (959/17002) F16.09% (1024/16828)., [EIZEFRIL /KA, FHEhAfE
FEA% ICU EBE# k& RRT I K4AEZE (RR=0.93, 95%CI0.86~1.02, P=0.11).

3.4 HRM S R ILE S

X BB R AT HURE M, B RIER & BRI, G RFR KA AR
HEFR 2 i fag AU AN B SCHR, =08 & N AE AT UM e SR B
WA B FEAE T 245 R b5 R HEBR AT meta AT 45 R —2, W ABURIEAR, 45
RECONFaf@nT5E, WK 9.

EARIRATREAT 17 4% 0 SCHR AT R S B2, R R B ik B 0E 58 & TBI
BEWATWH . A 3 BUAGRNS 1285844t 7 TBI B 1 4dE, Latgh A 1906
HEFH . WAHSNTRI, R, PR TR TBI B3 AT XU
(RR: 1.24; 95% CI 1.02-1.50; P=0.03; P=7%), WK 10, A 4 Wiikie 141923
PRt 74E TBI B3 #dl, Lot 31524 455 . H, Finfer 58 AAE 2022 K%
(K] RCT W R HERR TBI (3, 4846 %4 B ¥ ohdE TBI i . Z A&
B, 7R AT BRAIKIE TBI B AL T XU (RR: 0.94; 95% CI0.90-0.99; P=0.02;
P=0%), WK 10, 4 Biike 1410 B4 ik 80E 835 0 0E, Lt 6501 L ke
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