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Why care about the resuscitation crystalloid
crystalloid question.....

e Other than oxygen, the most common intervention that we
administer to patients

* Despite many decades using these fluids, dearth of evidence.....
until the last decade!
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Followed by large single centre and multi-centre trials

Balanced Crystalloids versus Saline

In Critically Il Adults
Semler, M et al, NEJM, 2018;378(9)

Balanced Multielectrolyte Solution versus

Saline in Critically Ill Adults
Finfer, S et al, NEJM, 2022;386(9)

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
Zampiere, F et al, JAMA, 2021;326(9)

Balanced Crystalloids versus Saline in the Intensive Care Unit

The SALT Randomized Trial
Semler, MW et al. Am J Respir Crit Care Med. 2017;195(10)

Effect of a Buffered Crystalloid Solution vs Saline on Acute
Kidney Injury Among Patients in the Intensive Care Unit

The SPLIT Randomized Clinical Trial
Young, P et al. JAMA, 2015;314(16)



Systematic review of RCTs in the critically ill

BSS Saline Risk Ratio ~ Weight
Study Deaths Alive Deaths Alive with 95% Cl (%)
* Balanced crystalloids versus |,
saline critically ill Young (2014)%7 319 4 20 0 082021,3.25) 20
o Primary outcome 90_day Young (2015)* 87 1065 95 1015 0.83[0.67,1.17) 141
mortality in low risk of bias Semler (2017)% 87 43 83 3N ' 092[0.70,1.20] 143
trials Semler (2018)™ 928 7014 975 6885 094(087,107 184
: Zampieri (2021)° 1381 3849 1439 3851 097(091,103] 186
o =
N=13 trials, 35,884 Finfer (2021)17 530 1903 530 1883 099(0.89,110]  18.1
* N=6 low risk of bias trials  Heterogeneity. 7000, =12.08%, H=1.14 096 (091, 1.01)
34, 4500 Test of §.=0: Q(5)=1.18. P=0.95
)
BSS:17.4% NS:18.2%

Hammond et al, NEJM Evid 2022; 2(1): 1- 12



Risk of new Renal Replacement Therapy
Low risk of bias trials (N = 34,460)

BSS Saline RR Weight
Study RRT NoRRT RRT NoRRT with 9% Cl - (%)

YoungP,2015 38 1,114 38 1,072 —ﬁ— 096062, 150 9,61
20 496 14 40 o 150(0.78, 2.86] 515

Semler M, 2017 g

Risk of new Acute Kidney Injury
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Ol 095 (081, 111 Study AKI NoAKI AKI' NoAKI With 95%Cl (%)
Heterogeneity: 12 = 0.02, 12=59.48%, H2 =2.47 YoungP 2015 102 965 94 931 g 1041080, 1.36] 659
Testof 6,=6: Q(4) = 3.49,p = 0.48 SemlerM, 2017 135 385 129 35 —8—— 091[0.74, 1.12) 1084
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BSS: 5.6% ‘ NS:6.0% Finfer$,2021 242 2,163 247 2,140 —— 097(082 1.15] 1588
Overall < 0.96]0.89, 1.02)
Heterogeneity: 1= 0.00, 1> = 8.56%, H*=1.09
Testof6,=6: Q(4)=144,p=084
Testof0=0:z=-128,p=0.20
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Hammond et al, NEJM Evid 2022; 2(1): 1- 12



What about the evidence for sepsis?
5 low risk of bias trials (N = 4667)

* Higher risk of death due to

BSS Saline RR Weight
seve rlty Of |||ness Study Deaths Alive Deaths Alive with 95% Cl (%)
Young P, 2015 7 28 9 33 093[039, 2.25]  0.91
o I\/Iore mefta bOlIC aCIdOSIS SemlerM. 2017 27 103 33 907 0.82[052 1.28] 343
Semler M, 2018 294 873 344 8% 0- 0.86[0.75, 0.98] 27.79
o |V|0r'e acute renal Injury Zampieri F 2021 453 517 498 519 o 0.95[0.87, 1.05] 43.33
Finfer S, 2021 76 792 265 761 - 1.00[087, 1.16] 2453
Overall & 0.93[0.86, 1.01]
. . Heterogeneity: 12 = 0.00, I2 = 22.29%, H2 = 1.29
* Receipt +++ fluid Test of 8,= 6; Q(4) = 3,05, p = 0.55
Testof 6=0:2=-1.65p=0.10
i 1 2

| NS:34.0%

BSS: 31.4%

Hammond et al, NEJM Evid 2022; 2(1): 1- 12



What about the evidence for P
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Some conclusions based on existing evidence
for the critically ill

e Current accumulation of the evidence base is centered on the
critically ill

* Clinical outcome differences are very small in critically ill

* Potential exceptions are sub populations including sepsis and traumatic brain
injury



Back in 2015.....

* We started thinking about the FLUID trial....



—
What question does FLUID address?

* Crystalloid fluids ‘touch’ nearly all patients who are admitted to
hospital
* FLUID examines the effect of NS versus RL across all hospitalized patients

* FLUID addresses this study question at the level of the
hospital/health care system

* From when patients present to hospital until their hospital
discharge/death



—
What is the FLUID study question?

Does a hospital policy/strategy of a predominantly universal supply of Ringer’s
Lactate as compared to Normal Saline reduce death or re-admission to hospital
within 90 days of the index hospital admission

Pilot Trial: Is it feasible to conduct a hospital wide pragmatic pilot cluster
randomized cross-over trial in four Ontario hospitals?

¥ (TG |
Canadian Critical Care &1 L.J‘le

Trials Group



—
Why is the question important?

* Small but clinically important differences in outcomes
between fluids are relevant

= 0.5% reduction in death = 2500 lives saved in Ontario

* May have implications for resource use/cost to hospitals
and health care system

= 0.5% decrease hospital re-admission = S5 million savings



—
Costs of NS versus RL at the level of Ontario

health care system

NS RL___

@ per 1 litre bag $1.30 S1.66

Cost for 19 million 26 million 31.5 million
1 L bags in Ontario

@ approximate costs at Ottawa hospital



FLUID Pilot Study Design

Run In Period

First Study
Period

Run Out Period

I FLUID A

N
O
Q\p\ 12 weeks
{
Yo g~___] |
I FLUID B I
12 weeks
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Canadian Critical Care
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Run Out Period

Second Study

Period
I o
|  FiDB
12 weeks All Clinical Data Measured at
Institute for Clinical Evaluative
Science (ICES)
| e
I FLUID A
12 weeks

Mcintyre, L et al, BMJ Open 2023;13:e067142



—
Primary/Secondary Feasibility Outcomes r=vic

Primary Outcome:
* Adherence to study fluid (> 80% adherence)

Secondary Outcomes:
* Time to Research Ethics Board approval (< 3 months)

* Time to readiness for study initiation (< 3 months from REB
approval to trial initiation)

W TG
Canadian Critical Care Mcintyre, L et al, BMJ Open 2023;13:e067142

Trials Group



—

How did we examine study fluid adherence? r~viv

* Logistical service inventory reports

* Calculation:
study fluid/(total study fluid + non study fluid)

EX: for Normal Saline study period
Normal Saline/ (Normal Saline + Ringer’s Lactate)

M cccT6

Canadian Critical Care Mcintyre, L et al, BMJ Open 2023;13:e067142
Trials Group



Assessment by Independent Safety Committee

* At the end of the pilot trial
* Blinded review safety analysis of the primary clinical endpoint

* Assessment of any other SAE considered related to the study fluids at
morbidity and mortality rounds or reported to safety management
committees that were reported to the site lead investigator



—
Results: Study Fluid Adherence LD
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—
Secondary Feasibility Outcomes LG

Time to REB approval target < 3 months from submission

e All four sites £ 3 months

Time to readiness for study initiation target < 3 months from REB approval
» 2/4 sites within 51 and 66 days

* One site delay 102 days - to accommodate for ward closures over a major
holiday period

* One site delay 331 days - waited for sister hospital to complete study due to
limited storage space for the large volumes of fluid

B (CCTG
Canadian Critical Care Mcintyre, L et al, BMJ Open 2023;13:e067142

Trials Group



Knowledge gained from FLUID pilot

* Large trial feasible

* No safety signals

* Attention to logistical challenges

* Focus communication/education tools

vr CCCTG

Canadian Critical Care
Trials Group

Mcintyre, L et al, BMJ Open 2023;13:e067142
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FLUID Methods

Setting/Design:

Pragmatic hospital-wide randomized cluster crossover trial at academic
and community hospitals in the province of Ontario, Canada

B (TG

Canadian Critical Care

Trials Group L Mcintyre, M Taljaard et al, NEJM 2025; 393 (7): 660-670



FLUID Methods FLun

Inclusion Criteria:

Hospital level:
e Level Il or lll intensive care units in Ontario, Canada

* At least 6,000 acute care patient admissions per year

Patient level:
* All adult and pediatric patients with an index admission to hospital

B (TG

Canadian Critical Care
Trials Group L Mcintyre, M Taljaard et al, NEJM 2025; 393 (7): 660-670



FLUID Methods Lot

Exclusion Criteria

Patient level:

* Neonates (RL is neither used nor recommended for this population)
* Admissions during the run-in or run-out study periods

* Admission to an Ontario hospital in the prior 90 days

* Missing birthdate

B (TG

Canadian Critical Care

Trials Group L Mcintyre, M Taljaard et al, NEJM 2025; 393 (7): 660-670



FLUID Trial Design

- g BE——

=J01 L
Stock Study Week 1 Week 14-15 Switch Week 1 Week 14-15
Fluids Run-in Run-out fluid stock Run-in Run-out
|
|
|
H-L ------------ H--\i -----
FLUID A FLUID B
First Study Switch Study Second Study Usual Care
Period Fluid Stock Period starts
12 Weeks Up to 3 Weeks 12 Weeks week 16

(weeks 2-13)

FLUID B

B (CCTG

Canadian Critical Care
Trials Group

(weeks 2-13)

FLUID A

L Mcintyre, M Taljaard et al, NEJM 2025; 393 (7): 660-670



FLUID Intervention and Comparison

* Whenever a physician order was written for NS or RL in volumes of
500 or 1000 mils as boluses or infusions the order was substituted for
the study fluid

* No substitution for other fluids (ex: D5W, D10W, 1/2NS, 2/3 and 1/3)

B (CCTG

Canadian Critical Care
Trials Group L Mcintyre, M Taljaard et al, NEJM 2025; 393 (7): 660-670



FLUID Outcome Measures

Primary Outcome:

Composite of death or re-admission to hospital within 90 days of index hospital
admission

Secondary Outcomes:

Death within 90 days of index hospital admission

Re-admission to hospital within 90 days of index hospital admission

Initiation of dialysis within 90 days of index hospital admission

Incident emergency department visit within 90 days of the index hospital admission
Hospital length of stay

Discharge to a facility other than home

L Mcintyre, M Taljaard et al, NEJM 2025; 393 (7): 660-670



ge
1 month- 18 years
* >18-65years
* >65-80years
* >80 years

* Sex
* Male vs female

Case mix group
* Medicine
* Surgery
* Mental health
* Pregnancy and childbirth

Elixhauser co-morbidity index
* Quartile1
* Quartile 2
* Quartile 3
* Quartile4

Pre-Specified Subgroups:

Type of surgery
* Emergent
* Urgent
* Elective

ICU admission within 1 day after hospital admission

Infection alone
Infection with ICU admission

Infection + organ dysfunction
Infection + organ dysfunction with ICU admission

Trauma with Injury Severity Score >=12

Trauma with injury Severity Score >= 12 with ICU
admission

Traumatic brain injury
Traumatic brain injury with ICU admission

L Mcintyre, M Taljaard et al, NEJM 2025; 393 (7): 660-670
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Data Collection

* No individual patient data collection

* All clinical data in FLUID obtained through provincial health database
called ICES

B (CCTG

Canadian Critical Care

Trials Group L Mcintyre, M Taljaard et al, NEJM 2025; 393 (7): 660-670



—
Strategies to maximize adherence to study fluid

 Education and communication

* Very small amount of non-study fluid stocked on
wards/OR/PACU/ICU/ED in participating hospitals
e < 20% of fluid stock on all shelves of hospital

Fluid Orders:

* Paper: education of nurses to substitute study fluid if
NS or RL is written in the doctors’ orders

 Computerized: automatic substitution

L Mcintyre, M Taljaard et al, NEJM 2025; 393 (7): 660-670



—

Ethics: Waiver of Consent e

* NS and RL are usual care fluids

* Risk of being in trial no greater than the receipt of
usual care

* Impracticable (feasibility and cost) to consent all
patients in hospital

* All data from ICES — no collection of individual patient
level data

* Physician autonomy to opt an individual patient out
(ex: acute brain injury)

Taljaard, M et al, BMJ, 2013
Tri-council Policy Statement: Article 3.7A and B

B (CCTG

Canadian Critical Care

: L Mcintyre, M Taljaard et al, NEJM 2025; 393 (7): 660-670
Trials Group



Approach to Safety:

* Participating hospitals monitored serious adverse events by means of
routinely scheduled safety committee meetings or morbidity and
mortality rounds.

* Principal investigators at each site reported any serious adverse event
related to the administration of trial fluids to the coordinating centre.

B (CCTG

Canadian Critical Care

Trials Group L Mcintyre, M Taljaard et al, NEJM 2025; 393 (7): 660-670



Trial Approval/Collaboration/Communication

I Multi-modal and Multi- d|SC|pI|nary Strategy I ‘

L Mcintyre, M Taljaard et al, NEJM 2025; 393 (7): 660-670

Lo



—
SAMPLE SIZE CALCULATION APPROACH

* Two key parameters for a cluster randomized cross-over
trial:
* Within-period intracluster correlation coefficient (ICC)

* Between-period ICC [or alternatively, the Cluster Autocorrelation
Coefficient (CAC)]

* Estimated using historical primary outcome data
(numerator and denominator) for all hospitals and all
patients across Ontario on a monthly basis

Hooper R, Teerenstra S, de Hoop E, Eldridge S. Sample size calculation for stepped wedge and other
longitudinal cluster randomised trials. Stat Med 2016;35(26):4718-4728.




—
SAMPLE SIZE PARAMETERS

I . Exactly what we
 Within-period ICC ~ 0.00

* Cluster Autocorrelation Coefficient = 1 (used CAC=0.95 to be slightly
more conservative)

* Average of 1500 patients per hospital per month

* Target difference = 0.01 (Normal Saline = 0.16 versus Ringer’s
Lactate = 0.15)

* Requires only 6 hospitals to reach 80% power at 5% significance

Month

e< 3 clusters

3 clusters

36



—
SAMPLE SIZE ADJUSTMENTS

e But... small number of clusters is not desirable!

* Applied some sample size adjustments
* Allowed for 6% non-adherence in NS and 19% in RL
* Added 2 clusters as a small sample correction
» Added 2 clusters to account for variation in cluster sizes

* Target number of hospitals: 16

* Larger number of hospitals will also help counterbalance
concerns due to seasonal variation in sequential
randomization

37



—
PLANNED (IDEAL) DESIGN

e Sites randomized in batches

4 sites

4 sites

4 sites

4 sites

Calendar Time

38



—
ACHIEVED DESIGN

Figure S1: Sequential Trial Initiation in FLUID

Site 1
Site 2
Site 3
Site 4
Site 5

Site 6

Site 7

Ringer's Lactate
=Nnn'r|al Saline
| Runin
-Run Out

39



—
METHOD OF ANALYSIS

* Choosing an appropriate analysis method for a cluster
randomized trial with a small number of clusters is
challenging

* Individual-level analysis using a hierarchical model is a popular
method

* Requires at 50-80 clusters to yield an acceptable type | error rate

* Used unweighted linear regression of cluster summary
measures as recommended by Morgan et al. (2017)

Morgan KE, Forbes AB, Keogh RH, Jairath V, Kahan BC. Choosing appropriate analysis methods for
cluster randomised cross-over trials with a binary outcome. Stat Med. 2017 Jan 30;36(2):318-333.

40



—
ADVANTAGES AND DISADVANTAGES

* Advantages:
e Robust to small number of clusters
e Easy to implement

* Readily yields estimates on absolute risk difference or relative risk
scales

* Disadvantages

* Can be less powerful than individual-level analysis when cluster
Sizes vary

* Requires two-stage approach to adjust for patient-level covariates

41



—
COVARIATE ADJUSTMENT

* Pre-specified covariates: age, sex, type of admission (“case-
mix group”), comorbidity index, ICU admission within 1 day

* Stage 1:

* Ordinary (patient-level) logistic regression, adjusting for
covariates, but ignoring hospital and treatment

 Calculate residuals (e.g., observed minus expected # events for
absolute risk difference)

* Stage 2:

 Summarize residuals at hospital-period level and analyze using
standard linear regression

* Indicator for treatment, period, and hospital

42



—
SENSITIVITY ANALYSES FOR PERIOD EFFECTS

* Primary analysis used period as a categorical variable
(uperiod 11/ VS. uperiod 2")

* Additional analyses used calendar time as a continuous
variable

e Simple linear term
* Three-knot restricted cubic spline

* Reassuring that results were virtually identical

43



FLUID Trial Results
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FLUID Consort Diagram

Recruitment: 08/2016 — 03/2020

Clusters screened for participation (n=T)

-

¥

A

Clusters ineligible (n=0)

Chusters randomized (n=7)

/\

Clusters allocated to normal saline
treatment group, then to Ringer’s lactate
treatment group (n=4)

Clusters allocated to Ringer's lactate
treatment group, then to normal saline
treatment group (n = 3)

/\

/\‘

Patients admitted Patients admitted Patients admitted Patients admitted
to participating to participating to participating to participating
sites in period 1 sites in period 2 sites in period 1 sites in period 2

(n=15.141) (n=11.501) (n=12.250) (n=14.670)

Patient ineligible due to Patient ineligible due to Patient inelizible due to Patient meligible due to
- Previous admission - Previous admission - Previous admissien - Previous admission
within prior 90 days within prior 90 days within prior 90 days within prior 90 days
{n=1.021) {n=712) (n=1229) (n=1.236)

- Age < 1 month or - Age < 1 month or - Age < 1 month or -Age < 1 month or
missing birthdates — missing birthdates R missing birthdates missing birthdates
{n=516) {n=1.840) (n=1.832) (n=364)
- Non- Ontario resident - Non- Ontario resident at - Non- Ontario resident at - Non- Ontario resident at
at index admission index admission index admission index admission
(n=range 9-13)" (n=range 16-22) * (n=range 14-21) " (n=range 3-11} "
- Patient excluded due to - Patient excluded due to - Patient excluded due to - Patient excluded due to
data quality concerns? (n data quality concems® (n data uality concemns® (n data quality concemns® (o
<6) " <" <6)* <) *
h Y ¥
Total index admissions Total index admissions Total index admissions Total index admissions for
for normal saline control for normal saline control for Finger’s lactate Ringer's lactate treatment
group included in group included in treatment group group included in primary
primary outcome primary ocutcome included in primary owtcome analysis
analysis analysis outcome analysis (n=12854)
(n=12.686) (n=8.,923) (n=29.163)




Baseline characteristics

Characteristic Ringer’s Lactate

(N = 22,017)

Normal Saline
(N = 21,609)

Age — yr, Mean (SD) 58.5 (20.6)

Female sex — no./total no. (%) 12,682 (57.6)

Place of residence — no/total no. (%)@

Rural 2,221 (10.1)
Urban 19,743 (89.7)
Missing data 53 (0.2%)

Income Quintiles — no./total no. (%)!

1 4,874 (22.1)
2 4,549 (20.7)
3 4,362 (19.8)
4 4,066 (18.5)
5 4,087 (18.6)
M

issing data 79 (0.4%)

58.7 (20.8)

12,623 (58.4)

2,092 (9.7)
19,471 (90.1)
46 (0.2%)

4,828 (22.3)
4,574 (21.2)
4,267 (19.7)
4,094 (18.9)
3,778 (17.5)

68 (0.3%)

L Mcintyre, M Taljaard et al, NEJM 2025; 393 (7): 660-670



Baseline characteristics

Characteristic

Ringer’s Lactate

(N = 22,017)

Normal Saline
(N = 21,609)

Case Mix Group — no./total no. (%)

Medicine

Surgery

Pregnancy and Childbirth
Mental Health

Elixhauser Co-morbidity Score

Median (Q1-3)
Elixhauser Quartiles

Quartile 1
Quartile 2
Quartile 3
Quartile 4

8,787 (39.9)

9,379 (42.6)

3,706 (16.8)
145 (0.7)

0 (0-5)

1,399 (6.4)

12,671 (57.6)
2,219 (10.1)
5,728 (26.0)

9,011 (41.7)
8,804 (40.7)
3,670 (17.0)
124 (0.6)

0 (0-5)

1,185 (5.5)
12,482 (57.8)
2,090 (9.7)
5,852 (27.1)

L Mcintyre, M Taljaard et al, NEJM 2025; 393 (7): 660-670



Adherence and Volumes of Study Fluid Administered

1003
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L Mcintyre, M Taljaard et al, NEJM 2025; 393 (7): 660-670



Cluster-level Analyses of Primary and Secondary Outcomes

Ringer’s
Lactate

N =7 hospitals

Normal Saline
N = 7 hospitals
(mean, SD)

Adjusted Mean P value
Difference*
(95% ClI)

Adjusted Relative

Difference
(95%Cl)

Primary Outcome

Composite of death or readmission within
90 days of index admission (%)

Other Secondary Outcomes
Death within 90 days of index admission
(%)

Re-admission to hospital within 90 days
of index admission (%)

Emergency Department visits (incident)

within 90 days of index admission (%)

Initiation of dialysis within 90 days of
index hospital admission (%)
Hospital Length of stay (hours)

Discharge to a facility other than home
(%)

mean, SD

20.3 (3.5)

6.9 (1.2)

15.1 (2.9)

21.2 (3.1)

0.5 (0.3)

164.7 (34.7)

15.4 (4.8)

21.4 (3.3) -0.53 0.35
(-1.85t0 0.79)

7.6 (1.7) -0.26
(- 0.95 to 0.43)

15.4 (2.1) -0.06
(-1.78 to 1.67)

21.0 (2.3) 0.28
(-2.51 to 3.06)

0.6 (0.5) -0.12
(-0.34 t0 0.11)

172.3 (34.2) -0.002
(- 0.006 to 0.002)
16.2 (4.6) -0.49

(-1.59 to 0.62)

L Mcintyre, M Taljaard et al, NEJM 2025; 393 (7): 660-670

0.97
(0.90 to 1.05)

0.97
(0.89 to 1.07)

0.99
(0.87 to 1.11)

1.01
(0.88 to 1.15)

0.99
(0.56 to 1.77)
NA

0.96
(0.90 to 1.03)



Pre-Specified Subgroup Analyses

Ringer's Lactate Normal Saline
(N=22,017) (N=21,609)

Subgroup Number of Mean (SD) Mean (SD) RD (95% CI)
patients
Sex
1. Female 25305 18.2(3.9) 19.4 (4.6) -1.11 (-2.49, 0.28) ——
2. Male 18321 23.7 (3.2) 25.0(3.2) -1.25(-2.98, 0.48) F——
Age
1.g1 month to 18 years 198 8.7(4.8) 10.4 (10.3) -1.74 (124, 8.92) I = I
2.>1810 65 years 24650 14.1(4.4) 14.6 (3.7) -0.43(-1.75, 0.89) F——
3.>6510 80 years 11693 249 (4.5) 25.0(5.8) -0.08 (-2.92, 2.76) | . |
4.>80 years 7085 349(1.7) 38.3(2.5) -3.41 (-6.25, -0.56) I . |
Case mix group
1. Medical 17798 314 (48) 32.7(3.9) -1.23(-3.80, 1.34) I s I
2. Mental health 269 14.5(6.3) 16.9 (9.3) -3.48(-12.9, 5.96) I & |
3. Pregnancy and childbirth 7376 71(3.2) 12.5(16.9) -0.50(-2.13, 1.13) e
4. Surgery 18183 14.9 (3.7) 15.2(3.9) -0.21(-1.58, 1.17) ——
Elixhauser quartiles
1 2584 14.7 (5.6) 15.1(5.4) -0.18 (-3.23, 2.87) I . I
2 25153 13.3(2.8) 13.8(2.9) -0.40 (-1.21, 0.40) -
3 4309 27.3(2.9) 27.3(3.1) 0.35(-2.77, 3.47) ! s I
4 11580 36.0(4.4) 38.2(5.0) -2, 43(489 0.04) I o I
ICU within 1 day
1.No 39254 19.6 (3.7) 204(3.3) -0.76 (-1.84, 0.33) —a—
2.Yes 4372 316(6.8) 35.1(7.0) -3.45 (-7.80, b.gﬂ} I s I
Type of surgery
1. Emergent 627 7.1(10.1) 8.3(3.6) -1.22 (-9.59, 7.15) I . |
2. Urgent 1008 13.0(2.1) 11.4(3.8) 1.76 (-2.46, 5.98) I & I
3. Elective 11484 12.3 (4.4) 12.3 (4.6) 0.14 (-1.61, 1.88) A
| | | [ |
-10 -5 0 5 10

Favours Ringer's Lactate Favours Normal Saline



Additional Pre-Specified Subgroup Analyses

Subgroup

Infection alone

1. Ko BCU withen 2 day's
2 ICU within 2 days
Infection + argan dysfunction
1. Ko BCU withen 2 day's
2 ICU within 2 days
Trauma + 155 mx 12

1. Ko BCU withen 2 day's
2 ICU within 2 days
TEI

1. Ko BCU withen 2 day's

2 ICU within 2 days

Murnbser of
patents

1635

230

427

Ringers Lactate  Momal Saline
(N=21,609)
Mean (S0)

=22 017}
Mean (504

31.6(3.8)

ZB.10153)

458.8 ( 7.5)

54.0 0120

20.5(3.8)

254 (18.3)

486 (31.1)

40.9 (207

312 (4.5

35.2 (26.4)

S03(4.2)

S0.5( 7.4

a5 6.2)

36.2 (29.5]

15.6 (133)

45.0 (3008)

RO (35% CI)

098 { -3.73, 569) =

-3.7d [ -31.58, 24.458) }

-3.73 (-1052, 3.07) =

AN (-1299, 2042) e

1206 (-22.29, 46.40)

-30.27 (-144.24, 83 32) : & /

2977 (-37.47, 97.00) ; &

-11.64 [ -37.85, 33.98)

=150 =100 =50 0 50 100

Favours Ringer's Lactate Favours Marmal Saline
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Pre-Specified Sensitivity Analyses on the Primary Outcome

Ringers Normal Saline | Adjusted Mean | Adjusted Relative
Lactate Risk Risk

Sensitivity Analyses* N =21,609
: o N =22,017 Difference (95% Difference (95%

(mean, SD) % Cls) Cls)

Removal of elective

Zurgfery (f'rf‘om T‘to'l’“e) <1 20.4 (3.6) 21.5 (3.3) -0.62 0.96
ay from hospita
ad?lnission g (-2.03 to 0.79) (0.89 to 1.05)
20.3 (3.5) 21.4 (3.3) -0.52 0.97
Removal of Mental Health
-1.91 t0 0.86 0.90 to 1.05
Case Mix Group ( © ) ( ° )
23.0 (3.3) 24.1 (2.9) -0.53 0.97
Removal of deliveries
-1.93 10 0.86 0.91 to1.04
(vaginal and C-sections) ( ° ) ( ° )
e o et Wi 20.0 (3.5) 21.1 (3.2) -0.64 0.96
could have experienced (-1.88 to 0.60) (0.90 to 1.04)

both study fluids



Sensitivity Analyses: to Assess for Potential Seasonal Effect

Ringers Lactate Normal Saline . _ _ _ .
Adjusted Mean Risk | Adjusted Relative Risk
N =22,017 N = 21,609 _ _
Difference (95% Cls) | Difference (95% ClIs)
: : 20.3 (3.9) 21.4 (3.3) -0.53 0.97
Binary period effect
(R 15 (-1.85 to 0.79) (0.90 to 1.05)
Linear period effect 20.3 (3.5) 21.4 (3.3) -0.52 0.97
(-1.84 to 0.80) (0.90 to 1.05)
Restricted Cubic 20.3 (3.5) 21.4 (3.3) -0.53 0.97
Spline period effect (-2.24 to 1.18) (0.88 to 1.07)

Footnotes:
* Estimates obtained from linear regression analyses of cluster-level summary data with period (as a continuous variable representing calendar
time), intervention and cluster as independent variables; all estimates have been adjusted for prespecified patient covariates: age, sex, case
mix group, Elixhauser comorbidity index and ICU admission within 1 day after hospital admission
L Mcintyre, M Taljaard et al, NEJM 2025; 393 (7): 660-670



Limitations

* FLUID was stopped early due to the COVID pandemic
* Adherence to Ringer’s Lactate arm lower than Normal Saline arm

* Health administrative data may be less accurate as compared to data
collection performed by research co-ordinators
* Misclassifications would be non-differential

* Complex logistics necessitated sequential site enrolment so vulnerable to
time confounding seasonal effects
e Secondary analyses adjusting for calendar time consistent with the trial findings

B ((CTG

Canadian Critical Care
Trials Group
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Discussion/Conclusion

* FLUID findings align with recent meta-analyses of RCTs which suggest
small but clinically relevant reduction in death favoring balanced
crystalloid fluid

* Although the adjusted absolute difference of 0.5% in favor or Ringer’s
Lactate was small, differences could have a major effect at the level of
the hospital/health care system

B ((CTG

Canadian Critical Care
Trials Group
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