Fluid resuscitation debates:
Crystalloid vs Colloid, early Vasopressors
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Vital sign upon ICU arrival
BP: 88/52 mmHg

HR:120 bpm

CVP:6 mmHg

T:35.6°C

PE:

Peripherally cold
Prolonged capillary refill
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perforated sigmoid colon with fecal
peritonitis

AICUBFIRIT

B2 Hartmann’s procedure,
4000ml crystalloid in OR

Lab data:

ABG: pH:7.32/PaC02:28/Pa02:85
Lactate:27.5 mg/dL
Na:142/K:4.4/Cl:109

BUN:22

Cr:2.3

Alb:2.3

Urine: 28mU/2 hours



Tentative Diagosis

Perforated sigmoid colon with fecal peritonitis s/p
Hartmann’s procedure complicated in septic shock and
nossible acute kidney injury
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Lambden, S. et al. Crit Care 22, 174 (2018)



Arterial hypotension [ Circulatory failure ] ‘ Basic
] ICU monitoring
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Advanced
ICU monitoring

Arterial hypotension
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artery catheter thermodilution
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Volume Status

Evacuate




Fluid responsiveness

Ability of a test or an observation to predict
whether an individual patient is going to
benefit from administration of a fluid bolus

Outcome measure usually significant
increase in stroke volume (cardiac output) _

P ErsRAER
u Taichung Veterans General Hospital



Meaning

Stroke volume

The respiratory variation in SV
i Ap Is an indicator of the position
e — on the FS curve

| . I N
Preload [
“ Taichung Veterans General Hospital



Dynamic hemodynamic variable

* Stroke Volume Variation (SVV)

* Pulse Pressure Variation (PPV)

* Passive Raising Leg Test 2A CO or A SVI

* End Expiratory Occlusion Test A CO or A SVI
* Fluid challenge 2 A CO or A SVI

e Inferior Vena Cava Variation
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Crystalloid
« Balanced crystalloid : #ILactated Ringer ~ Plasmalyte -

* Unbalanced crystalloid : #INormal Saline -

Colloid
* Albumin : RABER » =025 > B HRHEEL ~ SBP ~ B IsefErt & = 1
TR A o

e Synthetic colloid (&F(BERE ) : AIHES (R EEF, ) BiGelatin
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Lactated Ringer D5W D1OW _ 0.45% Saline+5% GW - TaitaNo.2 Taita No.5

Na (mmol/L) 154 130 140 0 0 154 77 513 40 36
K (mmol/L) 0 4 5 0 0 0 0 0 12 18
Cl (mmol/L) 98 0 0 154 77 513 26 17
Ca (mmol/L) 0.0 1.5 0.0 0.0 0.0 0.0 0.0 0.0 0 3.0
Mg (mmol/L) 0.0 0.0 1.5 0.0 0.0 0.0 0.0 0.0 0 2.0
Glucose (g/L) 0 0 0 25 50 25 25 0 33 100
Bicarbonate (mmol/L) 0 28 0 0 0 0 0 0 0 0
pH 5.5 6.5 4.5 4.5 4.5 4.5 5.0 4.0-7.5 5-6
Osmolarity (mOsm/L) 308 2713 294 278 595 586 432 1026 287 669
Tonicity _ Hypotonic Hypotonic - Hyper->Hypotonic _




Sepsis Pathophysmlogy

1. Loss glycocalyx

Plasma

proteins

2. Loss vascular vessel tone
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Hypothesis

Could colloid maintain intravascular volume and
alleviate fluid overload during sepsis resuscitation?



Synthetic Colloid History ) FRESENIUS

Gelatins (1915)

Dextrans (1947)

6% HES 450/0.7 (1974)

6% HES 70/0.5, 6% HES 200/0.62,
10%, 6% HES 200/0.5 (1977-80)

6% HES 130/0.4

Since 2008



Retraction Watch

The Retraction Watch Leaderboard

with 21 comments

Who has the most retractions? Here’s our unofficial list (see notes on methodology), which we’ll update as
more information comes to light:

1. Yoshitaka Fujii (total retractions: 183) Sources: Final report of investigating committee, our reporting
2. Joachim Boldt (96) Sources: Editors in chief statement, additional coverage _

. Diederik Stapel (58) Source: Our cataloging

. Adrian Maxim (48) Source: |IEEE database

. Peter Chen (Chen-Yuan Chen) (43) Source: SAGE, our cataloging

. Hua Zhong (41) Source: Journal

. Shigeaki Kato (39) Source: Our cataloging

. James Hunton (37) Source: Our cataloging
. Hendrik Schdn (36) Sources: PubMed and Thomson Scientific
10. Hyung-ln Moon (35) Source: Qur cataloging

O 00 N O b W

11. Naoki Mori (32) Source: PubMed, our cataloging
12. Tao Liu: (29) Source: Journal

13. Cheng-Wu Chen (28) Source: our cataloging
14. Gideon Goldstein (26)

Tracking retractions as a window into the scientific process

Subscribe to Blog via
Email

Join 13,441 other subscribers

Subscribe

Pages

Help us: Here's some of what
we’'re working on

How you can support
Retraction Watch

Meet the Retraction Watch
staff

About Adam Marcus
About Ivan Qransky

The Center For Scientific
Integrity
Board of Directors

The Retraction Watch FAQ,
including comments policy

The Retraction Watch
Transparency Index




Can J Anesth/J Can Anesth (2011) 58:777-781
DOI 10.1007/s12630-011-9558-7

EDITORIALS

Update to readers and authors on ethical and scientific
misconduct: retraction of the “Boldt articles”

Donald R. Miller, MD

There are over 50 published randomized controlled trials evaluating HES 130/0.4.



Hydroxyethyl Starch (HES )
ZEHFRE Boldt ZEF1EK
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6S Trial 2012 NEJM
JEER (FHER ~ 2558 ~ B ~ VKE > 4930 [ ICU)
75 ins4 Tetraspan 6% ( B. Braun )

The NEW ENGLAND JOURNAL of MEDICINE

ORIGINAL ARTICLE

Hydroxyethyl Starch 130/0.42 versus
Ringer’s Acetate in Severe Sepsis

Anders Perner, M.D., Ph.D., Nicolai Haase, M.D.,
Anne B. Guttormsen, M.D., Ph.D., Jyrki Tenhunen, M.D., Ph.D.,
Gudmundur Klemenzson, M.D., Anders Aneman, M.D., Ph.D.,

Kristian R. Madsen, M.D., Morten H. Mgller, M.D., Ph.D., Jeanie M. Elkjeer, M.D.,

Lone M. Poulsen, M.D., Asger Bendtsen, M.D., M.P.H., Robert Winding, M.D.,
Morten Steensen, M.D., Pawel Berezowicz, M.D., Ph.D., Peter Sge-Jensen, M.D.,
Morten Bestle, M.D., Ph.D., Kristian Strand, M.D., Ph.D., Jergen Wiis, M.D.,
Jonathan O. White, M.D., Klaus J. Thornberg, M.D., Lars Quist, M.D.,
Jonas Nielsen, M.D., Ph.D., Lasse H. Andersen, M.D., Lars B. Holst, M.D.,
Katrin Thormar, M.D., Anne-Lene Kjaeldgaard, M.D., Maria L. Fabritius, M.D.,
Frederik Mondrup, M.D., Frank C. Pott, M.D., D.M.Sci., Thea P. Mgller, M.D.,
Per Winkel, M.D., D.M.Sci., and Jern Wetterslev, M.D., Ph.D.,
for the 6S Trial Group and the Scandinavian Critical Care Trials Group*

CHEST Trial 2012 NEJM
BONEASHPERE CBEKFEE New Zealand ICU 250000 )
74 1L Voluven ° Fresenius Kabi

The NEW ENGLAND JOURNAL of MEDICINE

‘ ORIGINAL ARTICLE

Hydroxyethyl Starch or Saline for Fluid
Resuscitation in Intensive Care

John A. Myburgh, M.D., Ph.D., Simon Finfer, M.D., Rinaldo Bellomo, M.D.,
Laurent Billot, M.Sc., Alan Cass, M.D., Ph.D., David Gattas, M.D.,
Parisa Glass, Ph.D., Jeffrey Lipman, M.D., Bette Liu, Ph.D., Colin McArthur, M.D.,
Shay McGuinness, M.D., Dorrilyn Rajbhandari, R.N., Colman B. Taylor, M.N.D.,
and Steven A.R. Webb, M.D., Ph.D., for the CHEST Investigators
and the Australian and New Zealand Intensive Care Society Clinical Trials Group*



6S Trial

CHEST Trial

Hydroxyethyl Starch 130/0.42

Hydroxyethyl Starch or Saline
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2003-2012

: : IREE © EEAE
Cristal Trial 2013 JAMA £ (B2 BT (hypovolemic shock)

HaEER

Effects of Fluid Resuscitation With Colloids vs Crystalloids :i%%fgtr(aienﬁzl)s )

on Mortality in Critically 1l Patients Presenting S R ~ PR mE
With Hypovolemic Shock

The CRISTAL Randomized Trial Colloid(Albumin, HES, Gelatin, Dextran) N=1414

Original Investigation | CARING FOR THE CRITICALLY ILL PATIENT

Figure 2. Cumulative Incidence of Death Within First 28 Days After
Randomization

Crystalloid (0.9%NaCl, Ringer) N=1443

0.3-
=
w Crystalloids ___.---+=-="""
7
o R :
= Colloids
g 0.24
E e Figure 3. Assessment of Treatment x Diagnosis Interaction and Death Within First 28 Days
o -
=
2011 Colloids Group Crystalloids Group
= - (n=1414) {(n=1443)
5 Reason for ICU No. of No. of No.of  No.of HR Favors ; Favors
0 . i : ‘ : Admission Patients Deaths Patients Deaths (95% CI) Colloids : Crystalloids
0 5 10 15 20 25 30 Other causes of 555 131 572 152 0.87(0.69-1.10) ——
) Time Since Randomization, d hypovolemic shock
No. at risk Sepsis 774 215 779 226 0.95(0.78-1.10) -
Crystalloids 1443 1239 1172 1124 1089 1064 All patients 1414 359 1443 390  0.93(0.80-1.10) <
0.5 1.0 3.0
HR (95% CI)

28-day mortality no difference (25.4% vs 27.0%, p:0.26)



2021 Sepsis Guideline

35 For adults with sepsis or septic shock, we recommend against using

HIGH starches for resuscitation.

O

bﬁq o €D For adults with sepsis and septic shock, we suggest against using
'ﬂO MODERATE

gelatin for resuscitation.

2016 STATEMENT

.f

“We suggest using crysialloids over gelatins when resuscitating patienis with sepsis
or septic shock.”

Synthetic colloid (&EKERE ) @ 4IHES (R AEES ) EiGelatin @ &2 A volume
resuscitation » {HIS 2R ] RERE INEHE (5 B b B Be I T RefEnE » (2R _ 7R h1
AR TH o
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Fresenius Kabi B¢EfF :
BXEE AP 4ERE HES g Lk
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European Commission (EC) 22022 425 A{EHRY (E i E C(2022) 3591 final) -
FKEL o & BT {F24 Hydroxyethyl starch (HES) @@ imAy_EiiaFr] (MAs)
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Albumin??



2004 SAFE study

The NEW ENGLAND JOURNAL of MEDICINE

ORIGINAL ARTICLE

A Comparison of Albumin and Saline for Fluid
Resuscitation in the Intensive Care Unit

The SAFE Study Investigators*

1.0+

0.9+

0.8+

0.7+

Probability of Survival

0.6

—— Albumin
— — — Saline

0 4 8 12

T T
16 20

Days

24 28

those assigned to receive saline.

Figure 1. Kaplan—Meier Estimates of the Probability of Survival.

P=0.96 for the comparison between patients assigned to receive albumin and

Patients

Overall
Trauma
Yes

No

Severe sepsis

Yes
No
ARDS
Yes
No

Albumin Saline
Group Group
no. of deaths total no.
726/3473 729/3460
81/596 59/590
641/2831 666/2830
185/603 217/615
518/2734 492/2720
24/61 28/66
697/3365 697/3354

Relative Risk (95% Cl)
- 0.99 (0.91-1.09)

1.36 (0.99-1.86)
0.96 (0.88-1.06)

0.87 (0.74-1.02)
i 1.05 (0.94-1.17)

e 0.93 (0.61-1.41)
e 1.00 (0.91-1.09)

0.5

Albumin Saline
Better Better

Figure 2. Relative Risk of Death from Any Cause among All the Patients and among the Patients in the Six Predefined

Subgroups.

The size of each symbol indicates the relative number of events in the given group. The horizontal bars represent the
confidence intervals (Cl). ARDS denotes the acute respiratory distress syndrome.




The NEW ENGLAND JOURNAL of MEDICINE

2014 ALBIOS study

0.9

0.8

Probability of Survival

0.4

0.3+

0.0

0.7

0.6

0.5

ORIGINAL ARTICLE

Albumin Replacement in Patients

. | 28 RFETE (31.8%vs 32.0%) with Severe Sepsis or Septic Shock
RS A

Pietro Caironi, M.D., Gianni Tognoni, M.D., Serge Masson, Ph.D.,
Roberto Fumagalli, M.D., Antonio Pesenti, M.D., Marilena Romero, Ph.D.,

P=0.39

No. at Risk

——— Caterina Fanizza, M.Stat., Luisa Caspani, M.D., Stefano Faenza, M.D.,
0 10 20 30 40 50 60 70 80 90
Days since Randomization Giacomo Grasselli, M.D., Gaetano lapichino, M.D., Massimo Antonelli, M.D.,

: Vieri Parrini, M.D., Gilberto Fiore, M.D., Roberto Latini, M.D.,
Albumin 903 733 647 597 567 556 545 535 529 523

Crystalloids 907 729 €52 598 676 551 538 521 511 504

and Luciano Gattinoni, M.D., for the ALBIOS Study Investigators*

AH 1 AR TR Albumin H & RS
i ) 0.9% NaCl =, Lactated . . 20% Albumin (RE54%4H 300
+ % #EFE 1D T =
Albumin + Crystalloid 4H Ringer’s + 20% Alburmin R IMEREHRE 230g/L L)

Crystalloid-only 4H

{&{fH Crystalloid ( fE

0,
Albumin ) A& 0.9% NaCl/ LR

KELE 5 SRS
90 RIETH 41.1%vs 43.6% ( p=0.29 ) fEFEE R
RFEER&H T 1E septic shock 55 At Albumin 40 90 KIE TR (43.6% > 49.9%, p = 0.03)

MAP

Albumin 445 MAP 1275 ~ [T 757 HERTRIFS e/

KA E Albumin &H 58 FT/RAS RS TR



2021 Sepsis Guideline

Albumin

3% For adults with sepsis or septic shock, we suggest using albumin in
MODERATE patients who received large volumes of crystalloids.

« Albumin AJ15 fy 58 &3 KAe © B e meEmie R C2E FIR ~ 3EERIIREE A IS E -
o N RN ATARUER A -



Fluid choice and AKI

»Balanced crystalloid
* SPLIT trial 2015 JAMA

» SALT-ED trial 2018 NEJM

» SMART trial 2018 NEJM

* BaSic trial 2021 JAMA

» PLUS trial 2022 NEJM



Tubulo-glomerular feedback

@ Hyperchloremia in afferent arteriole
Vasoconstriction (A,-receptor-mediated)

+ Afferent arteriolar resistance

@ ¥ Renal blood flow and perfusion

(@) Entry of chloride into @ v Glomerular @ ¥ Proximal tubular
macula densa filtration rate reabsorption of
. @ Depolarization of chloride
Hyp erchloremia basement membrane

‘ @ Release of adenosine

Afferent arterial vasoconstriction

¥
LIIGFR

tubular
chloride

(@ ¥ Urine and sodium output)

Figure 2 | Schematic diagram of the sequential effects of hyperchloremia on the kidney. Numbers indicate the sequence of events.

A;-receptor, adenosine;-receptor.
Kidney International (2014) 86, 1096-1105



SPLIT trial 2015 JAMA

Original Investigation | CARING FOR THE CRITICALLY ILL PATIENT

Effect of a Buffered Crystalloid Solution vs Saline on Acute
Kidney Injury Among Patients in the Intensive Care Unit
The SPLIT Randomized Clinical Trial

Paul Young, FCICM; Michael Bailey, PhD; Richard Beasley, DSc; Seton Henderson, FCICM; Diane Mackle, MN; Colin McArthur, FCICM;
Shay McGuinness, FANZCA; Jan Mehrtens, RN; John Myburgh, PhD; Alex Psirides, FCICM; Sumeet Reddy, MBChB; Rinaldo Bellomo, FCICM;
for the SPLIT Investigators and the ANZICS CTG

0.9% Saline vs Plasma-Lyte 148 (PL-148) for ICU fluid Therapy

Primary outcome was the proportion of patients with AKI
(RIFLE)

A prospective, investigator initiated, multicenter, blinded, cluster-randomized, double crossover
study conducted in 4 tertiary ICUs in New Zealand

JAMA. 2015;314(16):1701-1710. doi:10.1001/jama.2015.12334



Figure 2. Cumulative Incidence of Patients Requiring Renal Replacement Therapy Until Day 90
After Enrollment in the SPLIT Trial

20 -
Log-rank (through day 90) P=.85

=t
wn
|

Replacement Therapy
=
o

Percentage Requiring Renal

Buffered crystalloid
Sali
5 - I_I daline
0 I [ | 1
0 10 20 30 40
Time, d
No. at risk
Buffered crystalloid 1152 341 134 62 36

Saline 1110 310 124 64 28



Figure 4. Daily Serum Creatinine for the Buffered Crystalloid vs Saline Groups®

1.10+

@ Buffered crystalloid
T Saline

1.05+

1.00+

0.95

Serum Creatinine, mg/dL

0.90

1

0.85 . . | |
Baseline Prestudy O 1 2 3 4 5 6 7

Fluid
Therapy

No. of patients
Saline 1092 820 503 947 442 272 184 135 110 100
Buffered crystalloid 1133 847 481 992 478 297 200 144 112 94

Among patients receiving crystalloid fluid therapy in the ICU, use of a
buffered crystalloid compared with saline did not reduce the risk of AKI



SMART trial 2018 NEJM

V ‘ ORIGINAL ARTICLE
VANDERBILT Balanced CrYStaHOldS Versus Saline
UNIVERSITY . T
MEDICAL in Critically IlI Adults
CENTER

Matthew W. Semler, M.D., Wesley H. Self, M.D., M.P.H.,
Jonathan P. Wanderer, M.D., Jesse M. Ehrenfeld, M.D., M.P.H.,
Li Wang, M.S., Daniel W. Byrne, M.S., Joanna L. Stollings, Pharm.D.,
Avinash B. Kumar, M.D., Christopher G. Hughes, M.D.,

Antonio Hernandez, M.D., Oscar D. Guillamondegui, M.D., M.P.H.,
Addison K. May, M.D., Liza Weavind, M.B., B.Ch., Jonathan D. Casey, M.D.,
Edward D. Siew, M.D., Andrew D. Shaw, M.B., Gordon R. Bernard, M.D.,
and Todd W. Rice, M.D., for the SMART Investigators
and the Pragmatic Critical Care Research Group*

A pragmatic, cluster-randomized, multiple-crossover trial conducted in
five intensive care units at an academic center

Primary outcome: Major adverse kidney event within 30 days —

a composite of death from any cause, new renal-replacement therapy, or

persistent renal dysfunction N Engl J Med 2018:378:829-39.



Table 2. Clinical Outcomes.*

Balanced Crystalloids Saline Adjusted Odds Ratio
Outcome (N=7942) (N =7860) (95% CI)f P Valuef

Primary outcome

Major adverse kidney event within 30 da

Components of primary outcome

In-hospital death before 30 days — no. (%) 818 (10.3) 875 (11.1) 0.90 (0.80 to 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 survivors without new renal-replacement 215/6681 (3.2) 219/6540 (3.3)

therapy



Balanced

Subgroup Crystalloids Saline
no. of events/total no. (%)
Unit
Medical 615/2735 (22.5) 659/2646 (24.9)
Cardiac 202/1470 (13.7) 190/1501 (12.7)
Neurologic 116/1440 (8.1)  141/1377 (10.2)
Trauma 131/1640 (8.0) 142/1688 (8.4)
Surgical 75/657 (11.4)  79/648 (12.2)
Sepsis
N o 4416 0 60
Yes 395/1167 (33.8) 455/1169 (38.9
No 1034/7244 (14.3) 1118/7195 (15.5
Yes 05/698 (15.0 03/665 (14.0

Categories of kidney function
Normal 476/5596 (8.5)

315/574 (54.9)

301/1388 (21.7)

47/384 (12.2)

Acute kidney injury
Chronic kidney disease
Previous renal-replacement
therapy
Overall

514/5561 (9.2)
316/537 (58.8)

307/1360 (22.6)
74/402 (18.4)

1139/7942 (14.3) 1211/7860 (15.4)

P Value for
Odds Ratio (95% Cl) P Value Interaction

0.27
— 0.87 (0.77-0.99)  0.04
——e—— 110(0.89-136)  0.38
i 0.77 (0.59-0.99) 0.04
- 0.95 (0.74-1.21)  0.66
~—; 0.93 (0.66-1.30) 0.66

: 0.06

—.:— 0 06 (U X6_ 1 () (] 4

—— 0.80 (0.67-0.94 0.01

0.24
—e— 0.89 (0.81-0.98 0.01
— .09 (0.81-1.4 0.58

0.19
— 091 (0.80-1.04)  0.16
— 0.85 (0.67-1.08)  0.18
—_— 0.95 (0.79-1.13) 0.55
< . 0.61 (0.41-0.91)  0.01
' —— 091 (0.83-0.99)  0.04

0!5 0:6 017 1!0 1:2 115
Balanced Crystalloids Saline
Better Better

Figure 3. Subgroup Analysis of Rates for the Composite Outcome of Death, New Receipt of Renal-Replacement Therapy, or Persistent

Renal Dysfunction.




2021 Sepsis Guideline

32 For adults with sepsis or septic shock, we recommend using crystalloids
MODERATE as first-line fluid for resuscitation.

€D For adults with sepsis or septic shock, we suggest using balanced
4 LOW crystalloids instead of normal saline for resuscitation.

v
<
p

"We suggest using either balanced crystalloids or saline for fluid resuscitation of

| 20716 STATEMENT
patients with sepsis or seplic shock”

" B AU E B AU AR TR A
BL PPl §487% (balanced crystalloids ) ; {ER#IMAEREEREIME NERMEITHY
B 0 IEEA 0.9% S bey (EEREIK) - |




BaSICS Trial (JAMA 2021)

90 KIE T RIEREZ = L (26.4% vs 27.2%) ; AKI ZRAEL -
SR &R H AR 5 A T BERS A

@ JAMA Network”

QUESTION Among patients in the ICU requiring intravenous fluid challenges, does the use of a balanced solution compared
with saline solution (0.9% sodium chloride) improve 90-day survival?

CONCLUSION Among critically ill patients requiring fluid challenges, treatment with a balanced solution compared
with saline solution did not significantly reduce 90-day mortality.

POPULATION INTERVENTION FINDINGS
I ' Deaths within 90 days

/’f\
11 052 Patients randomlzh

10520 Patients analy/zy

Balanced solution Saline solution
1381 of 5230 patients died 1439 of 5290 patients died

5865 Men 4655 Women

ICU patients with =1 risk factor
for worse outcomes who required 5230 5230 A N
fluid expansion and were expected  Balanced solution Saline solution . 126.4% L 127.2%
Wiy ol Isotonic solution of pH 7.4 0_.9% §odium chloride Do S,
M .61 (infusion rate also randomized (infusion rate also randomized g
ean age: 61 years and analyzed separately) and analyzed separately) S
LOCATIONS Findings were not statistically significant:
75 PRIMARY OUTCOME Adjusted HR, 0.97 (95% 1, 0.90 to 1.05)
ICUs in Brazil 90-day survival
© AMA

Zampieri FG, Machado FR, Biondi RS, et al; BaSICS investigators and the BRICNet members. Effect of intravenous fluid treatment with a balanced solution vs 0.9% saline
solution on mortality in critically ill patients: the BaSICS randomized clinical trial. JAMA. Published online August 10, 2021. do0i:10.1001/jama.2021.11684




PLUS Trial (NEJM 2022) 90 RILTFHAM(L (21.8% vs 22.0%) ;
RRTEEK - AKI fEER

e NEW ENGLAND JOURNAL o MEDICINE

Balanced Multielectrolyte Solution vs. Saline in Critically Ill Adults

W—) DOUBLE-BLIND, RANDOMIZED, CONTROLLED TRIAL

| 5037 Balanced multi-
—UOANA e ey lectrolyte solution
4 ' AN ) with need for

=\ fluid resuscitation

&&«_&_\ =

\ ) S N=2515 N=2522 5y

Death from a(ny cause 21.8% 22.0%
at day )0 OR, 0.99;95% Cl,0.86to 1.14

Newly initiated 12.7% 12.99%,

renal-replacement therapy

Difference, =0.20 percentage points; 95% CI, =296 to 2.56

Mean maximum increase 0.41 mg[dl 0.41 mg/dl

In serum creatinine Difference, 0.01 mg/dl; 95% CI, =0.05 to 0.06

Use of balanced multielectrolyte solution in critically ill adults did not result

in a lower risk of death or acute kidney injury than use of saline.

’S. Finferet al. 10.1056/NEJMoa2114464 Copyright © 2022 Massa



Evidence for ideal fluid for critical ill patients

SPLIT SALT-ED
2015

Double blind Non-blinded Non-blinded Double blind Double blind
= 2 crossovers Pragmatic Pragmatic No crossover factorial | No crossover
4 Multiple crossovers il Multiple crossovers design
Multi  swye Single Single Multi Multi =
center Center Center E Center Center é &
(4] — 4 [75] (53] |
2278 13347 15802 11052 5037
65% White 77.5% White 80.4% White
Setti @ Icu ED/In-patients Icu Icu Icu
etting i o
Q 70% Surgical 18.6% Surgical 8.2% Surgical 60.4% Surgical 44.6% Surgical
Sepsis a% 14.8% 18.8% a2%
Intervention Plasmalyte 148 Ringer lactate Ringer lactate Plasmalyte 148 Plasmalyte 148
(Vs Saline) Plasmalyte-A Plasmalyte-A
IV fluid received per Median 2000m| Median 1079 ml 2500ml cumulative overlll 3600ml cumulative Median 3810ml
patient 7 days over 7 days
' Pri mary AKI Hospital free days toll MAKE (Persistentcreat | 90 days survival 90 days mortality
outcome D28 >200% baseline +new
RRT + death) to D30
Key results v AKl no v No differencein |l ¥ Lower MAKE with ¥ No differencein ¥ No differencein 90
difference hospital free da balanced crystalloid 90 days survival days mortality
RR OR OR 0.91 [0.84,0.99] HR 0.97[0.90,1.05] 0.15% reduction
1.04 [0.8, 1.36] 0.98[0.92,1.04] v No differencein ¥ No differencein [-3,.60%, 3.30%)]
¥ No differencein | v Lower MAKE wit mortality, ICU free AKI, RRTuse, ICU | ¥ No differencein RRT
RRT use, balanced days, ventilator-free stay, mortality use, ICU stay,
mortality crystalloid days Ventilator free days




Effect of Balanced Crystalloids Compared with Saline on 90-Day Mortality in Critically Ill Patients by Risk of Bias

BSS

Study Deaths
Low

Young (2014)37 3
Young (2015)33 87
Semler (2017)3 87
Semler (2018) 1 928
Zampieri (2021)3° 1381
Finfer (2021)17 530

Non Low

Waters (2001)36 1
Verma (2016)%

Choosakul (2018)32 0
Golla (2020)% 29
Ramanan (2021)2* 0

Overall

Alive

19
1065
433
7014
3849
1903

32
28
23
51
48

Saline
Deaths Alive
4 20 =
95 1015 -
83 371 =~
975 6885
1439 3851
530 1883

Heterogeneity: T2=0.00, I’=12.08%, H?=1.14
Test of 8,=6,: Q(5)=1.18, P=0.95

35
1

Heterogeneity: T2=0.24, 1°=24.29%, H*=1.32
Test of 6,=6;: Q(4)=2.69, P=0.61

Heterogeneity: T2=0.06, I2=88.44%, H?=8.65
Test of 6,=6;: Q(10)=4.22, P=0.94
Test of group differences: Q, (1)=0.00, P=0.94

Risk Ratio
with 95% Cl

0.82 [0.21, 3.25]
0.88 [0.67, 1.17]
0.92 [0.70, 1.20]
0.94 [0.87, 1.02]
0.97 [0.91, 1.03]
0.99 [0.89, 1.10]
0.96 [0.91, 1.01]

32 1.00 [0.07, 15.33]
32 s> 258054, 12.36]
23 < 0.35[0.01, 8.11]
45 —BH- 0.83 [0.57, 1.21]
41 < > 0.29[0.01, 6.99]
~l 0.93 [0.42, 2.10]
% 0.93 [0.76, 1.15]
I I I T 1
1/8 14 12 1 2 4

Weight
(%)

2.0
14.1
143
18.4
18.6
18.1

0.6
1.6
0.4
11.5
0.4

NEJM Evidence, 2022;1(2)
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Early vasopressor?

Supplemental oxygen =
ondotracheal intubation and
mechanical ventilation

!

Central venous and
arterial catheterization

Sedation, paralysis
{if intubated),
or both

The NEW ENGLAND JOURNAL of MEDICINE

Crystalloid

ORIGINAL ARTICLE

Colloid

Trial of Early, Goal-Directed Resuscitation
for Septic Shock

Vasoactive agents

Paul R. Mouncey, M.Sc., Tiffany M. Osborn, M.D., G. Sarah Power, M.Sc.,
David A. Harrison, Ph.D., M. Zia Sadique, Ph.D., Richard D. Grieve, Ph.D.,

Transfusion of red cells
until hematocrit »30%

Rahi Jahan, B.A., Sheila E. Harvey, Ph.D., Derek Bell, M.D., Julian F. Bion, M.D., ’70%‘: | _
Timothy J. Coats, M.D., Mervyn Singer, M.D., J. Duncan Young, D.M., / et b rend ]
and Kathryn M. Rowan, Ph.D., for the ProMISe Trial Investigators* .ci?:}
No \
Yeos

Hospital admission




Early Use of Norepinephrine in Septic Shock Resuscitation (CENSER). A
Randomized Trial

Chairat Permpikul !, ’Surat Tongyoo |, Tanuwong Viarasilpa |, Thavinee Trainarongsakul ', Tipa Chakorn 2, and
Suthipol Udompanturak *
HH N
DIAVE S P= A A BUMEFHE M B (& WD R ESE 8 MAP < 65 mmHg )
BN N = 310 ( E2H5 NE #H 155 vs 12#;5%4H 155 )
AN BERAH : 17Bl4E 7 NE ( 0.05 pg/kg/mln tEln ) + EERERAE
A WERAE . ZRIEET + BB TR EMSRE open-label NE
RRUENRSE (PR ) ESHAM 93 942 vs 12#48 192 448 (p < 0.001)
e 6 /NIFAEM IR =R
= ( MAP > 65 mmHg B2 = 0.5 mL/kg/hr x 2h S{ZLEE T BE >10% )
FE4 FHAZH 76.1% vs 12 %7H 48.4% (p < 0.001)
- 28 KT X : 155%vs21.9% (p=0.15) BEZZSE
REHER - BKBEER/D (14.4% vs 27.7% - p = 0.004 )

- EBOEARZRRD (11%vs20% - p=0.03) AJRCCM 2019



FRERF ¢

(All-cause
mortality)

T TE %

valiil

BT
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HAr45)

Research QOpen access Published: 06 May 2025
Early norepinephrine for patients with septic shock:

an updated systematic review and meta-analysis with
trial sequential analysis

Rui Shi, Rayan Braik, Xavier Monnet, Wan-Jie Gu, Gustavo Ospina-Tascon, Chairat Permpikul, Maxime

Djebbour, Alice Soumare, Vincent Agaleridis & Christopher Lai &3

Critical Care 29, Article number: 182 (2025) | Cite this article

FEFTA RCT > FLHA4H vs B HAAH 72 R ZFEZ (OR 0.70; 95% CI1 0.41-
1.19) °

TEARPRHL " BRPRHISRNS 5 B9 27% RCT o > FHHRHSL T REEE R (OR
0.49; 95% Cl 0.25-0.96)

U FHREh SRR L T3 5 & 1HEH (OR 0.69; 95% CI0.55-0.86)

FHIHERA

% VNG

* BUREEE] HER MAP N Critical Care 2025
o 2% MR H , Bl ICU HifEH |
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Cumulative

Trial Sequential Analysis, TSA

RIS is a Two-sided graph

RIS = 8232
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Early vasopressor
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Take home message

Crystalloid vs Colloid
* Balanced crystalloids ( T7@Tﬂ§%%ﬁ§) p=N=p

FHET 0.9% A EEUK » gEli/b m & MG L B 1a 5 E -
* Colloid SEAE TR IESN

« HES I NEHEEELIE T E s (6S ~ CHEST Trial )

. Albumln 1F ALBIOS trial P R ZRLBEIET 2R » f&1F septic shock TiEEH
VBt ©

SR SRR SR 0 albumin AiiEl o ¥R HES o
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Take home message

Early Vasopressor

1-6 /NIF A EL#E) norepinephrine T :

o H[H7ZE MAP = 65 mmHg
o Jak/ Vi ig B B il 7K e
« EERITIHFE R E R HASE T A N




Take home message

SSC 2021 / ESICM 2024

Step 1 : ¥JHH1E¥E > Balanced Crystalloids 30 mL/kg

Step 2 : 7 MAP <65 > EHH Norepinephrine

Step 3 : % NE > 0.5 pg/kg/min = 7j[1 Vasopressin 0.03 U/min
Step4 : = NE>1 pg/kg/min = & Epinephrine B\, Steroid

/D BEEK > BT




Traditional approach

Revised approach

Time

y

Poul E Marik. PMID: 31632800
(Division of Pulmonary and Critical Core Medicine, Eastern Virginia Medical School, Norfolk, VA, USA.)
J Thorac Dis. 2019 Sep;11(Suppl 15)-51969-51972
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