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Summary

® Discussion of the evidence for/against fluid
resuscitation in septic shock

®* What’s the alternative to aggressive fluid
resuscitation?
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Evidence of benefit of fluid
resuscitation




Carcillo, JAMA 1991

® Observational analysis of 34 kids with septic shock
who had pulmonary artery catheters placed divided
into 3 groups based on fluid in 15t hour:
® Group 1 <20ml/kg: 6/14 survived

® Group 2: 20-40ml/kg: 4/11 survived

® Group 3: >40ml/kg: 8/9 survived




Carcillo, JAMA 1991

® [ssues:
e 1. Tiny retrospective study
e 2. Only patients with pulmonary artery cath included
e 3. Not controlled for different use of pressors/vent
® 4. No dose response




EGDT, Rivers 2001

® The primary source of the Surviving Sepsis
Guidelines (SSG) on fluid resus

e EGDT 5 L v Standard care 3.5L in 1st 6 hours

® High controversial — questionable validity

® Financial conflicts (Rivers and SSG), high mortality,
differential clinical expertise

® Questions regarding whether results were real

e 25 patients excluded post randomisation — if included
- no significant mortality reduction

® PROCESS and ARISE now have debunked EGDT




Anecdotal experience

® We give fluids and patients look better!




Evidence of Fluid Causing
Harms

e Several observational
studies

e 1 xAnimal RCT

e 1 large human RCT




Observational Studies

Lead Year Journal Pros/Retro
Author

Alsous 2000 Chest Retro
Vincent 2006 Crit Care Med 1177 Pros
Rosenberg 2009 J of Int Care Med 844 Pros + post hoc
Boyd 2011  Crit Care Med 778 Retro

Micek 2013 Crit Care 163 Retro




Key points

® Positive fluid balance (early & late) was a strong
Independent predictor of mortality

® Vincent 2006, SOAP study
® OR 1.1 increased mortality per litre excess fluid

® Rosenberg 2009 ARDS Net

e Cumulative negative fluid balance by day 4 OR 0.5 for
reduced mortality




Limitations of
Observational Studies

Positive fluid balance # fluid administration
Potential confounders eg shock severity

However In most studies, positive fluid balance was
an independent risk factor after multivariate logistic
regression so key known confounders accounted for

Unknown or unmeasured confounders may still be
relevant




The Three Little Pi




RCT in Pigs...

Brandt, Crit Care 2009

48 pigs randomised in 3 groups:
e 1. faecal peritonitis

e ?. endotoxin infusion

e 3. control

Then randomised to 2 treatments:
¢ moderate volume (10ml/kg/hr)
® high volume (20ml/kg/hr)




RCT in Pigs ...

® Results:
® Improved haemodynamics in high vol group
®* Improved CI, higher MAP, lower lactate

BUT:

® |ncreased mortality in high vol group
® Peritonitis: 879% v’s 509%
® Endotoxemia: 759% v 139,
® Controls: 139 v 09,







RCT in Humans

—
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RCT in Humans

e FEAST Trial, Maitland, NEJM 2011
e Large, well conducted RCT in Africa: 3141 patients

® |nvestigated the effect of fluids in children with septic
shock

® Patients randomised into 3 groups
® |ntervention 1: 20ml/kg normal saline bolus

Intervention 2: 20ml/kg albumin bolus

L
e (Control: no bolus
® Note — all groups received maintenance fluids

®* Excluded hypovolaemic conditions i.e gastroenteritis




Results

® |ncreased mortality in the fluid bolus group
® Increased RR mortality = 459,

| Albumin__Saline___|Control __

48hr 10.6% 10.5% 7.3%
4 week 12.29% 12.0% 8.7&
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Sub-groups

® Results were consistent across every single sub-
group including
® Severity of shock
® Presence of malaria or anaemia
e Coma
Type of sepsis
Acidosis
Lactate level
= LIKELY REAL FINDING




Criticisms—=> Refuted

® High malaria prevalence (57%)
e - Same findings with and without malaria

® High anaemia prevalence
e > Same findings with and without anaemia

® Clinical measures of shock may have over-
estimated the children with septic shock

® > Most severe shock cases had the greatest harm
from fluid boluses: 109, v 3% mortality




Criticisms = Refuted ...

® No Istworld ICU care

® - |CU care may have masked fluid harms but is no
reason not to prevent the harm in the first place

® Could be an effect of saline in N/S and albumin
® - possible though see re-analysis

® |n kids not adults
® - perhaps relevant if death by fluid overload
® see re-analysis




Re-analysis of FEAST

® Exploring mechanisms of excess mortality with
early fluid resuscitation: insights from the FEAST

trial
® Maitland et al, BMC Medicine 2013

® Causes of death after fluid bolus resuscitation: new
insights from FEAST

e Myburgh & Finfer, BMC Medicine 2013




Criticisms Refuted:
Reanalysis

® (Cause of death was not fluid overload!

® Cause of death that increased in the bolus group =
cardiovascular collapse!

® This was despite the bolus group having an initial
Improvement in haemodynamics

® Doctors were shocked by the results
® Qur anecdotal experience is no longer reassuring




Proposed mechanisms of
harm from fluids

® Cardiovascular collapse
¢ Undermining sympathetic compensation
® Reperfusion injury
® |njury to the Endothelial Glycocalyx (EG)

® Shear forces on EG

e Atrial stretch releasing ANP and BNP which damage EG
harm

® Net result Is increasing vasodilation and capillary
permeability - cardiovascular collapse

® ... chasing our tail with additional fluids




Endothelial Glycocalyx
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Balance of fluid resus

evidence?

e FOR:
® ] observational study (10 pts per arm)

® + Rivers EGDT (260 pts)
Vs

e AGAINST:
e PROMISE & ARISE debunking EGDT (3000 pts)
e Several observational studies (3000 pts)
e + 1 animal RCT (48 pigs)
¢ + 1 human RCT (3000 pts)

. TT—




Resuscitation End Points In
Sepsis

e 1. Adequate MAP
® ?65mmHg

e 2. Adequate tissue perfusion
® Relatively normal CR (<4 sec)
® Peripheral warmth
® Absence of skin mottling
® | actate <2
® Urine output > 0.5ml/kg/hr

® Assuming these targets are worthy endpoints:
® the journey may be as important as the destination




Choice of journey

® Aggressive tluid resus followed by /ate
use of noradrenaline

OR

® Conservative fluid resuscitation combined
with early use of noradrenaline




Treatment of vasodilatory

shock

® Anaphylaxis:
® Adrenaline, Adrenaline, Adrenaline

® Sepsis:
® Fluids, Fluids, Fluids
® then... not in pulmonary oedema?

® give some more fluids
® ... then norad




Why don’'t we currently use
noradrenaline early?

® 1. Requires a central line
e > Wrong
® Ricard et al, Critical Care Medicine 2013

® Used up to 33mcg/min of vasopressors peripherally

e 2. Commits patients to an ICU/HDU
® - Excellent!

® 3. Could it be harmful?




Noradrenaline in septic

shock

Bellomo, Critical Care 2001
Hamzoui Critical Care 2007
Hamzoui Critical Care 2010

Perishini Critical Care Medicine, 2012




Hamzoul, Critical Care
2010

® Observational study re early admin of norad
® 105 patients admitted to ICU for less than 6 hours
e 15 had norad started already - increased.
e QOther Y% had norad started

® Median volume fluid administered prior was only 1L
(0.5-1.5L)




Hamzoul, Critical Care
2010...

® Results:

® farly administration of norad increases preload,
contractility and CO

® Finding was true regardless of LVEF unless:
® Patients had LVEF < 459% AND MAP > 75mmHg

® Who said you need to fill the tank before you tense it?




Noradrenaline Summary

® |n hypotensive vasodilated septic shock patients
noradrenaline increases:

® Preload

e CO
® Renal blood flow and function

® When MAP increases beyond /5mmHg this may not
be the case Iin patients with poor LEVF




e N Date of download: 8/28/2014
‘A' Copyright © American College of Chest Physicians. All rights reserved.

From: Early Management of Severe SepsisManagement of Sepsis: Concepts and Controversies

Chest. 2014;145(6):1407-1418. doi:10.1378/chest.13-2104

and establish IV access
GOALS
1. MAP > 65 mmHg m
2.€1>25 500 ml boluses of LR Early broad spectrum Blood cultures, lactate
Max. of 2030 mi/kg. antimicrobial therapy and PCT

If MAP < 65 mmHg after Establish central
fluid bolus venous access.

l OPTION

0. oi::;&;:;’::z:’:;;i up —oemior Assess fluids status with Additional 500 cc bolus x2
" 100102 i ECHO/ultrasound/PLR 1f signs of volume depletion

c R
Attach non-invasive
U MAP > 65 mmHg MAP < 65 mmHg cardiac output monitor

‘ Recognize severe sepsis, maintain airway |

<nzmmxm§m|

Monitor hemodynamics Cl>2.50r Cl<250r PLR
and perfusion hyperdynamic LV poor LV function
If POOR SVinc>10% \
in @ Corti i SVinc < 10%
0.03U/min 72 Infusion 22 l
Attach non-i
cardiac output monitor &
Bedside ECHO Dobutamine @ 2.5
Titrate 500 cc fluid LR ug/kg/min and
norepinephine up to titrate to CI
1 ug/kg/min

Figure Legend:

Suggested initial approach to the management of patients with severe sepsis and septic shock. Cl = cardiac index; ECHO =
- echocardiography; inc = increase; LR = Lactated Ringers solution; LV = left ventricle; MAP = mean arterial pressure; Max =
maximal; PCT = procalcitonin; PLR = passive leg raising; SV = stroke volume.




|
Recognize severe sepsis, maintain airway "J b r-.l DD _l_

E and establish IV access
M GOALS

E 1. MAP > 65 mmHg

R 2.0>25 500 ml boluses of LR Early broad spectrum Blood culwres. lactate
G Max. of 20-30 mi/kg. antimicrobial therapy and PCT

E
N
C If MAP < 65 mmHg after Establish central

Y fluid bolus venous access

Start norepinephine @
0.01ug/kg/min and titrate up
t0 0.1 -0.2 ug/kg/min

|

C Attach non-invasive
U MAP > 65 mmHg MAP < 65 mmHg cardiac output monitor &

Bedside ECHO
’ / \
Monitor hemodynamics Cl>250r Cl<25o0r PLR
and perfusion hyperdynamic LV poor LV function
If POOR l\~ SV inc > 10% \
¢ Vasopressin @ Corticosteroid SVinc < 10%
0.03U/min ?? Infusion ??
Attach non-invasive
cardiac output monitor &
Bedside ECHO y Dobutamine @ 2.5
Titrate 500 cc fluid LR ug/kg/min and
norepinephine up to titrate to CI
1 ug/kg/min

Marik PE. Chest 2014 (in press)




Fluids in ARISE

® ARISE gave 1960ml v 1710ml of fluid in EGDT v
Controls in 1st 6 hours

®* Mortality rate = 199,




Take Home Messages

e 1. Target MAP and tissue perfusion goals but the
journey maybe as important as the destination

® Qur focus on short term haemodynamics may be
misguided and misleading

e 2. Rapid fluid boluses and high cumulative volumes
may increase mortality in septic shock

® Consider using smaller volumes/rates than usual
practice

e 3. Consider early use of low dose noradrenaline (eg
via good quality peripheral IVC)
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