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DISCLOSURES Outline and Objectives

- None - Case
- Learn Empiric Evidence for Specific Fluid Management Strategies
- Goal-Directed Therapy and Hemodynamic Monitoring How?
« Crystalloid vs colloid
- Normal Saline vs. Lactated Ringer's
- Specific Populations ~ \Who?
- Better Understand the Physiologic Basis of Fluid Therapy
- Return to case  Why?

What?

| |
Case We’'ll use venous return physiology!
72yo 80kg with h/o chronic kidney disease (Cr 1.2), HTN, and LVH with diastolic

dysfunction
- presented with 3 days of fever, malaise, and hematuria — she was diagnosed

with a UTI.
- hypotensive to SBP 80s (MAP 55) with HR in the 110s in the ED, lactate Cardiac

3mmol/L, and is given 30mL/kg (2,400mL) normal saline Output
- Remains hypotensive, norepinephrine started to maintain MAP 65mmHg or ;-
- She clinically improves over the next 24h, and no longer requires V;L‘"::-l: A

norepinephrine

- the evening of hospital day 2 she is again hypotensive to SBPs 90s and UOP
10mL/hr over the last 2 hrs.

What should we do?

S

0
Right Atrial Pressure
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...And we’ll RESUSCIATE the patient

- We want to do SOMETHING, and be AGGRESSIVE
- Give an additional 15mL/kg (~1L normal saline)

EARLY GOAL-DIRECTED THERAPY IN THE TREATMENT OF SEVERE SEPSIS
AND SEPTIC SHOCK

ENANUEL RVERS, M.D., MP.H., BivaT NGuvEw, M.D., SUZANNE HAVETAD, MA., Jut RESSIR, BS.,
AtexaxDria MUZzw, B.5., BERNHARD, KNOSUCH, M.D., EOWARD PETERSON, PH.D., AND MICEL TOMLINGIDH, M.O.,
Fon g Eauy Goat-DRecte Treasy CoLLABORATVE GRous®

- EGDT Trial (The Rivers Trial)
- N=263
- Detroit, Ml

- Pts with severe sepsis (lactate >4) or septic shock
(SBP<90) enrolled

- First 6h of therapy in the ED
- Average ScVO2 49% on admission!

E. Rivers etal., N Engl J Med 345, 13681377 (2001).

BUT HOW, EXACT
RESUSCITATE?

CVP »8-12 mm Hg

5L crystalloid in 6h
Mortality 46.5%

3.5L crystalloid in 6h
Mortality 30.5%

Feb 25

I
EGDT Protocol Comparison
L

[ |
...EGDT revisited

- So is EGDT in sepsis still
relevant?  Unknown!

- Hence, further studies

- Since 2001, sepsis treatment
has changed significantly:
- Earlier detection

- Earlier antibiotics - ProCESS

- Greater appreciation for high . ProMISe
mortality (30-60%!) of sepsis . ARISE

- Sepsis "bundles" . PRISM

- "code sepsis"/rapid response
triggers

- Better care integration from EMS
to ED to ICU

ProCESS: Protocolized Care for Early Septic Shock

« Published 2014 (enrolled 2008-
2013)

- N=1341

- United States (31 centers)

-3 arms:
« Protocol-based EGDT (required CVC)

- Protocol-based "standard care" (did
not require CVC)

- Standard care
« Primary outcome: 60-day
mortality

A Cumlative In-Hospital Mertaliy to 60 Days
50

s

£
HE
1 P052by loprank est
o
v W o2 w0 W @
Oars
Mo, at Risk
Protocolbased EGOT a9 I 3% M w7 W
Protocolbased sundardtherapy 446 35 16 368 366 le6 365
Usol care a6 w6y o m m Iw
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ProMISe: Protocolised Management in Sepsis ARISE: Australasian Resuscitation in Sepsis Evaluation
- Published 2015 (enrolled 2011- - Published 2014 (enrolled 2008-
2014) 2014)
-n=1260 : -n=1600 - S
- England (56 centers) g - Australia and New Zealand (61 :
- Primary outcome: 90 day § centers) § "
mortality dmdbomrd e, 434 03 L11): P-4é « Primary outcome 90 day »
-EGDT vs. usual-care e R B mortality - : Fa— :
- EGDT required ScVO2 CVCs Mmoo e ws s we S % & ® ]

- Meta-analysis of ProCESS, _
ProMISE, and ARISE ¢
£
- N=3723 E 0 Hazard ratio, 0.98 (95% C1, 0.86-1.11)
- Worldwide A Froms
- All trials had lower-than- 5 9 — ecor
expected mortality, limiting the — Usual care
strength of their conclusions o % 150 270 360
Days since Randomization
No. at Risk
EGDT 1857 1391 1287 1209 1119
Usual care 1820 1395 1295 1206 1110

[ [
PRISM Post CV Surgery IVF therapy at ANW

“Even though a policy that mandates routine measurement of central venous
pressure and central venous oxygen saturation in all patients with sepsis did not
improve outcomes, clinical judgment should always be applied because, in

- All patients after cardiac
surgery for which a non-

specific circumstances, there may be a role for these measurements. The future invasive cardiac output m(?nltor

of sepsis therapy may yet lie with protocols that permit a more individualized (Edwards Flotrac) was valid
approach that is based on a greater understanding of the complex interplay - N=1,137 over 2016-2017
among host genetics, individual pathophysiological features, and the infective ’

- 1 year of historical control vs.

agent.”
- 1 year of Flotrac-based
Th d physici he di h hysici h _ resuscitation
e good physician treats the disease; the great physician treats the patient . .
who has the disease. . Crystal'lmc.i and albumin-based
resuscitation

—William Osler

https://www.edwards.com/devices/hemodynamic-monitoring/ev1000

©AllinaHealthSystems 3



Day 1 Lec8 Feb 25

[
Post CV Surgery IVF therapy at ANW
did not improve outcomes

Post CV Surgery IVF therapy at ANW

I -
[ Hospital LOS (days) [RECIRCYOY 6.1(50,9.0) 071 \
IRTTITTYERSI 1.1 (0.9, 2.1) 12(10,22) 098

Postapersive sy
N/
duration (hours) _ ERNCANCYO) 4.1(26,68) 040 '\ /
Now atrial fibrilation, n i
i 132 (22) 132 (25) 024
30

Hospital mortaity. n (%) K]0}

1)
IRCTTETNTIN 240 (203,312) 245 (199, 326) 068

albumin volume - 0-6h PEIIPEIECVY] 250 (250, 500)

albumin volume - 0-24h EVPEVRED) 500 (250, 750) J’,f’ e ’

Albumin volume (mL) administration by month per patient
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Crystalloids vs. Colloids

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

+ Albumin (250mL):~$30-70/dose

+ Crystaloid (1L): ~$1-2/dose (or less)

« Voluven (hydroxyethyl starch): ~$10/dose

- Many, many patients involved in many, many studies

The SAFE Study Investigators*

- 6997 patients in Australia and NZ
- 28 days of resuscitation
+ 4% Albumin vs. normal saline

©AllinaHealthSystems 4
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I
SAFE SAFE: Subgroups

Albumin Saline

.+ CVP increased more in the LS & R Ralative Rizk (955 C1)
L7 ] . no. of deaths/total no.
“P\K\ i albumin group Overall 726/3473 720/3460 - 0.99 (0.91-1.09)
- More RBCs given in the osns
3 i | — b . 9 Yes 81/596 59/590 <—-;> 1.36 (0.99-1.86)
”i = albumin group No 64172831 666/2830 - (ES(REICD)
- Volume ratio of albumin to S
o
} e - . Yes 185/603 217/615 +> 087 (0.74-1.02)
R R ) saline: 1:1.4 (nOt 13) No 518/2734 492/2720 C—I— 1.05 (0.94-117)
ARDS.
e et e sy s B Yes 24/61 2866 — 0.93 (0.61-141)
S el o ot st No 697/3365 697/3354 L3 1.00 (0.91-1.09)
05 10 20
Albumin Saline

SAFE: Traumatic Brain Injury SAFE: Severe Sepsis
B Albumin Saline
A Patients Group. Group Relative Risk (95% C1)
10 no. of deaths/total no.
fore i- 90. Overall 726[3473 729/3460 - 0.99 (0.51-1.09)
£ £ T
E Saline _g Saline rauma
4 2 80} Yes 817596 59/590 1.36 (0.59-1.86)
é — H i No sa1z831 666/2830 - 096 (085-1.06)
~5 Albumin E Ib 5 ke
£ b Albumin Yes 185/603 217/615 . 0.87 (0.74-1.02)
% é Neo 518/2734 492/2720 - 1.0 (0.94-1.17)
50 ARDS
B=0.00; Yes 24/61 28/66 —_— 0.93 (0.61-1.41)
T T T T J N - 1.00 (0.51-1.09)
R ¢ T 2 % % o o 7w Z T e LR
Days Ou Albumin Saline
Better Better

I
SAFE: albumin better in sepsis? hence ALBIOS ALBIOS: albumin and fluid balance results

SAFE severe sepsis subgroup, ALBIOS (ALBumin Italian A .
mortality was: Outcome Sepsis) trial: o =i
= 30.7% in albumin group +20% albumin + crystalloid vs. 3 %xwv
albumin group crystalloid alone %‘ i
- 35.3% in the normal saline - N=1818 patients with severe g glm: ]
group sepsis in 100 ICUs in Italy H o0
+ Albumin daily given to maintain T o
albumin 3g/dL e
. Primary outcome: 28 day 5‘..‘:3;‘;5:“ Eogromomoam o om g w Moo o M e W em 86 e
ystalloids 813 661 464 308 27 1 L 104 Crystalloids w4795 M5 o B S 59

mortality
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ALBIOS generated much controversy

[
ALBIOS: primary outcome (mortality)

- 28 day mortality
+ 31.8% in albumin group
+ 32% in crystalloid group
- 90 day mortality

10-

03.

o3

o

0

MR oo /ST ‘c: CRITICAL CARE
EDITORIAL

A word of caution regarding proposed benefits of
albumin from ALBIOS: a dose of healthy skepticism

+ 41.1% in albumin group

Prabability of Survival

o J——
+ 43.6% in crystalloid group
; o frovtirebep i

+ Albumin group had: . s @ CRITICAL CARE

- higher blood pressure (MAP) pess

LETTER
- lower vasopressor use T 0 % % @ W @ P 2 %0
- Lower 90 day mortality in subgroup of D since Randerizaion Proposed benefits of albumin from the ALBIOS
patients with septic shock By ms o @ W o w5 s @ trial: a dose of insane belief
Crystalloids 907 729 652 96 676 551 536 52l S11 S04 . N

Hydroxyethyl Starch or Saline for Fluid
Resuscitation in Intensive Care
John A, Myburgh, M.D., Ph.D., Simon Finfer, M.D., Rinaldo Bellome, M..,
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 MeGuinness, M.D., Dortiyn Rajbhandari, .N., Colenan 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®

- Same group as SAFE
« 7000 patients, diverse ICU patients
« Primary outcome 90 day mortality

- No difference in primary outcome

I
...hydroxyethyl starch?

- Probably no longer relevant, at least in the US

J. A Myburgh etal, N Engl J Med 367, 1901-1911 (2012).

[ |
HES vs. Saline

P— - Risk of AKI was 34.6 vs 38%
(higher in HES, p=0.007)
- Risk of RRT was 5.8% vs 7%

Normal Saline vs. Lactated Ringer’s

- Very pertinent to hospital
medicine and critical care

- Medical vs. Surgical culture

i
% (higher in HES group, p=0.04) clash
i
o
M T T T T T
Study Day.
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AR sl T P . .
- 1 A Randomized, Controlled, Double-Blind Crossover Study on
_— = [ . i " 1
= the Effects of 2-L Infusions of 0.9% Saline and PIasma»Lyte@J 148
B g ibes SRR Do on Renal Blood Flow Velocity and Renal Cortical Tissue Perfusion
) o o in Healthy Volunteers
e won e wina
T e Y e ey e i Abeed H. Chowdliury, BSc, MRCS," Eleanor F. Cox, PhD,{ Susan T. Francis, PhD,t
Coted source Human  Powts  Mae  Mess  Muse  Pouss  Pee Bowne s and Dileep N. Lobo, DM, FRCS, FACS®
R - o
m e e w w m a m  m w
M w m te W wm aw w s e =
wss i .a © . w oo
2 s s ™ 2 - 20 healthy male volunteers given 2L NS
i a2 2 i 22 - Many, many variables observed and recorded
W W w w W m e .o
.
u
L A. H. Chowdhury, E. F. Cox, S. T. Francis, D. N. Lobo, Annals of Surgery 256, 18-24
(2012).

Electrolyte Effects of NS Renal Effects of NS
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A. H. Chowdhury, E. F. Cox, S. T. Francis, D. N. Lobo, Annals of Surgery 256, 18-24 A. H. Chowdhury, E. F. Cox, S. T. Francis, D. N. Lobo, Annals of Surgery 256, 18-24
(2012). (2012).

| |
i ini 2 Association Between a Chloride-Liberal
Does this matter (clinically)? vs Chloride-Restrictive Intravenous Fluid
Administration Strategy and Kidney Injury
in Critically Ill Adults

Norlazim Mok Yunos, MD

— context
Rinaldo Bellomo, MD, FCICM tate acute kidney njuy (AKD)

Colin Hegany, BSc Objective ofa

T G WY travenous fluid strategy with AKX in aritically il patients.

- Before/after study in Australia (2008/2009)

- 760pts vs 773pts

- Before: chloride-rich fluids allowed

- After: (6 months later) no chloride-rich fluids
- Primary Outcome: Cr rise and AKI risk

N. M. Yunos et al., JAMA: The Journal of the American Medical Association 308,
1566-1572 (2012).

©OAllinaHealthSystems
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Results

- Total chloride decreased by 144,504mmol

- After covariate adjustment, OR of AKI was 0.52 (14% vs. 8.4%) after chloride-

rich fluids

- No differences in mortality, hospital length of stay, or ICU length of stay, or

long term RRT need

Results, continued

Figure 1.
unit ACU)

St 200

Feb 25

Enter: SMART-MED and SMART-SURG

- "pragmatic, cluster-randomized, multiple-crossover trial"

- Published 2018 (enrolled 2015-2017)
- N=15,802 in 5 ICUs at Vanderbilt
- Waived informed consent
« 2 arms, with whole ICUs alternating monthly
+ LR or Plasmalyte
- NS
- Primary outcome: "major kidney event"
- death,
- renal replacement therapy (RRT)/dialysis
- persistent kidney dysfunction

*small note: patients with TBI could receive NS over balanced cry:

of

SMART: Results

A Balanced-Crystalloids Group B saline Group
2500 25009 10.9% Sodium chloride
Balanced crystalloids ; »i"‘}
2000 2000+ +.—-[“
- - &
£ £ o
£ 3 ¥
5 5 J
H £ /
§ o0 § 100 l;
H 0.9% Sodium chloride H i
Y son. PP S Y osed
.,__y-»-‘ ! Balanced crystalloids
-~ -
o 7 o
L] 1 2 3 4 H 6 7 1 2 3 4 5 13 7
Days since ICU Admission Days since ICU Admission

SMART: Results

A Chloride Concentration
P<0.001

106

Saline

Chloride (mmol fiter)
£

g

Balanced crystalloids

o 1 2 3 4 5 & 7
Days sine ICU Admission

No. of Patients with

uremen
Balanced crystalloids 6904 4715 3263 2195
Saline. 6747 4669 383 nn

Bicarbonate (mmolliter)

B Bicarbonate Concentration

P<0.001 Balanced copstallids

Saline

No. of Patients with

Balanced crystaloids
Saline

o 1 2z 3 4 5 & 7

Days since ICU Admission

6929 ang 3266 2198
6763 4678 3293 2178

SMART: Conclusions

In-hospital Mor tality or RRT

_—

=

L

1

L

L

000 002 004 006 008 010 0.2
L

L

Absolute outcome difference: 1.1%

increased risk of Major Adverse

Kidney Event in 30 days (MAKE30)

150
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e
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Days since ICU admission

osanced crpssmen
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[ |
SMART: Conclusion

"The trial[s] presented here inform that thinking but
do not provide unequivocal clinical direction.”

1) But, jeez, it's hard to ignore!
2) Is there really any risk in AVOIDING Normal Saline?

Myburgh, J. Patient-Centered Outcomes and Resuscitation Fluids. N Engl J Med 378, 862-863 (2018).

Feb 25

But what about IVF in sepsis?

I
SMART: Secondary Analysis in Sepsis

- N=1641
« Primary outcome now mortality

Bstanced
Outcoms n 2 Saline (02817 Adusted OR 95% CI
autcome 9% absolute differencq
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e . mden 40 T84 BOwRE B IR 13
Vet boo g, mecen fOR 1801 7l 2028 AT
g = 10272 ST =
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R oot tharsgy-be0 1641 o 20 s 18
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£ - 1212 wer .
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SMART: Secondary Analysis in Sepsis
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°
3

Mai ofiect P valug = 0,08
P valus fos interaction = 0,03

Norepi d‘ose ~ 10Lnlgglmm

-
)
&

z
3
2
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- s 120 w @ 5 2w W m

What about the Surviving Sepsis Guidelines?

"The use of IV fluids in the resuscitation of patients is a
cornerstone of modern therapy. Despite this, there is little
available evidence from RCTs to support its practice; this is
an area in which research is urgently needed."

©OAllinaHealthSystems
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What about the Surviving Sepsis Guidelines?

- “We recommend that a fluid challenge technique be applied where fluid
administration is continued as long as hemodynamic factors continue to improve
(Best Practice Statement).

- We recommend crystalloids as the fluid of choice for initial resuscitation and
subsequent intravascular volume replacement in patients with sepsis and septic
shock (strong recommendation, moderate quality of evidence).

- We suggest using either balanced crystalloids or saline*** for fluid resuscitation of
patientgsgwith sepgis or septic shock ()\:veak recommendation, low quality of evidence). SO WH EN AN D HOW M U CH FLU I D?

« We suggest using albumin in addition to crystalloids for initial resuscitation and e
subsequent intravascular volume replacement in patients with sepsis and septic
shock when patients require substantial amounts of crystalloids (weak
recommendation, low quality of evidence).”

*** recommendation made before results of SMART (LR vs. NS) Trial

NEW ENGLAND
Th
What about fluid boluses at all? JOUERNAL of MEDICINE

ESTABLISHED IN 1812 JUNE 30, 2011 VOL 364 No.26

Mortality after Fluid Bolus in Aftican Children with Severe Infection
Kathryn Maitland, M.B., B.S., Ph.D., Sarah Kiguli, M.8., Ch.B., M.Med., Robert O. Opoka, M.8., Ch.B., M.Med.,
- Children with febrile illness in Sub-Saharan Africa
- 2 strata (1 with hypotension, 1 without),

- 3 groups (20-40mL/kg albumin bolus, crystalloid bolus,
0.9% saline maintenance only)

- rates of death 10.6%, 10.5%, 7.3%, OR 1.44 (1.09-1.9)

Mortality at 4 Weeks o H
How about risks of fluids?
0.9
0.84

.
®
& 07
s ) Albumin bols
£ o8 0.04 - '—Sa\m:‘:ﬂu;ul
E os4 02 — —— Nobolus
§G.d- ARG L i i e e e e e |
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28
FCER
3
0.24
2 4 [ £ 10 12 M 16 18 0 2 24 26 n

Days since Randomization
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ORIGINAL ARTICLE |

Comparison of Two Fluid-Management
Strategies in Acute Lung Injury

The National Heart, Lung, and Blood Institute Acute Respiratory Distress
Syndrome (ARDS) Clinical Trials Network*

- 2x2 factorial trial with PAC vs. CVP
- 1000 patients with ARDS
- Fluid balance during 7 days was +7L vs. OL

National Heart, Lung, and Blood Institute Acute Respiratory Distress Syndrome (ARDS)
Clinical Trials Network et al., N Engl J Med 354, 2564—2575 (2006).

CVP-based conservative vs. liberal fluid strategy

improves outcomes
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Canservative Liberal
N o o
< 1 Not Signifcant A new concept: De-resuscitation
Free daysi
< Dayslte7 09:01 06201 <0.001
Days 11028 13,4204 112204 <0.001
re—free dayst
Daysito7
Cardiovascular fallure 19:01 42401 0.04
CNS failure 34202 29102 0.0z
Renal failure 5.5:0.1 56201 045
Hepatic failure 5.7:0.1 55201 [+
Coagulation abnormalities 5.6:01 54201 0.3
Days 11028
Cardiovascular failure 19.0:0.5 191104 085
CNS failure 188:05 172105 0.03
Renal failure 215205 212405 058
Hepatic failure 22.0:04 212105 0.18
Coagulation abnormalities. 22.0:04 215204 037
Dialysis to day 60
Patients (%) 10 14 0.06
Days. 11.0£L.7 109:1.4 056

A new concept: De-resuscitation

_ Non-survivors

'/k*—f*{ - Survivors

g
3 B o ¥

P balanca (1)

Day! Day2 Dayd Day4 Day5 Day6 Day7

CU s00 400 390 358 20 a8 237
Dissharged 0 0 H 2 55 89 116
Ded o ° i (L - B
- ncolr -
. . B
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[
Historical Perioperative Fluid Fundamentals

=LOTS OF FLUID GIVEN!!
- 5mL/kg/h
- 10mL/kg/h
- 15mL/kg/h!!

- Fasted patients are
hypovolemic

- Insensible perspiration
increases dramatically during
surgery

- Third space losses require
generous substitution

- Hypervolemia is harmless
because the kidneys regulate
the overload

Feb 25

- Should we maximize preload to
maximize stroke volume?

- restrictive vs. liberal IVF

- “In practice, adequate volume is
usually defined by hemodynamic
stability, because there is no routine
clinical method for evaluating tissue
perfusion.”

+ Fluid is not benign

D. Chappell, M. Jacob, K. Hofmann-Kiefer, P. Conzen, M. Rehm, Anesthesiology 109,
723-740 (2008).

Conclusions of a Recent Review:

- Fluids should be administered with the same caution as any other IV drug

- Consider cumulative fluid balance and actual body weight when selecting the
dose of resuscitation fluid

- Consider vasoactive agents early in the treatment of shock

- Fluid requirements change over time in critically ill patient

- Oliguria is a normal response to hypovolemia and should not be used soley as
a trigger or end point for fluid resuscitation, especially in the post-resuscitaiton
period (>24h)

- The role of hypotonic maintenance fluids is questionable once dehydration has
been corrected

- Isotonic, balanced salt solutions are pragmatic initial resuscitation fluid for the
majority of acutely ill patients

J.A. Myburgh, M. G. Mythen, N Engl J Med 369, 1243-1251 (2013).

Return to Objectives

- How?
- EGDT is ingrained in our care, but specific protocol unlikely to improve outcomes
- Treat IV fluids like any other drug therapy!
- Continued improvement in critical care and sepsis care is essential (and we've improved so
much already...)
- What?
- Balanced crystalloids (LR) over normal saline
- Balanced crystalloids to albumin
- Who?
- critically-ill septic patients: consider LR (and albumin perhaps sometimes)
- patients with traumatic brain injury: avoid albumin (and probably hypotonic fluids)
- When?
- Resuscitate QUICKLY (right away and run fluids fast)
- Use this information NOW!
- Why?
- To save lives!

Case Reuvisited

She is now hospital day 4. Her vital signs have been normal for the last 48h, save for

still requiring O2 by NC at 3L/min with Sp02=95%. Her UOP has been 20mL/hr for the

last 4hrs. She has moderate diffuse edema, and she is 4kg up from admission.

What would you do?

- On presentation, give LR quickly and assess for effectiveness/volume
responsiveness* with every bolus
- *many ways to test effectiveness/volume responsiveness, none of them perfect

-« STOP boluses when ineffective or when patient improves

- Early use of vasopressors (and other strategies to manage hypotension)

- Avoid MIVF unless clinically deHYDRATED

- Watch obligate input with IV medications/infusions

- Consider diuresis early

- Give this poor woman some furosemide!

©OAllinaHealthSystems

THANK YOU!
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