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In critically ill patients: too little fluid...

Low preload, low cardiac output,
low blood pressure, low perfusion
Arrhythmia (hypovolemia)

Gl dysfunction (hypoperfusion)
« Postoperative ileus, PONV
« Upper Gl bleeding
« Anastomotic leak

Infectious complication
(tissue hypoperfusion)

« Acute renal insufficiency or failure
(decreased renal blood flow)



In critically ill patients: too much fluid...

* Pulmonary edema, prolonged
mechanical ventilation

* Gl dysfunction
« Abdominal compartment syndrome

* lleus
 Anastomotic leak

 Hemodilution and coagulopathy




— Future

* How much fluid?
— what if | give too much?

— when to stop: clinical signs, biomarkers, imaging?




Sepsis / Severe sepsis / Septic shock

Severe sepsis: Sepsis plus evidence of organ dysfunction
Arterial hypoxemia (Pa0O2/Fi02<300)

Acute oliguria (urine output <0.5 mL/kg per hour for at least 2 h
despite adequate fluid resuscitation

Increase in creatinine >0.5 mg/dL
Coagulation abnormalities (INR>1.5, aPTT>60 s, platelets <100,000/mL)
Hepatic dysfunction (elevated bilirubin)
Paralytic ileus
Decreased capillary refill or skin mottling
Septic shock: Sepsis with hypotension refractory to fluid resuscitation or
hyperlactatemia.

Refractory hypotension persists despite resus. with 1V fluid bolus of 30 mL/kg
Hyperlactatemia >2 mmol/L



e Obstructive

* Hypovolemic










Not blood pressure, but FLOW...

However, for organs to be perfused, certain critical
perfusion pressures must be present:

* Brain: MAP of 50 (non-vasculopath dogs, Plochl et
al. 1998)

 Heart: MAP of 65 (Dunser et al.)

* Kidneys: MAP of 65-75? (Bellomo, Wan, and May
2008)









The New England Journal of Medicine

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




Standard therapy in
emergency department
(n=133)

CVP =8-12 mm Hg

SIRS criteria and systolic
blood pressure <90 mm Hg
or lactate =4 mmol/liter

!

Assessment
and
consent

Randomization
{n=263)

Early goal-
directed therapy
(n=130)

Vital signs, laboratory
data, cardiac monitoring,
pulse oximetry, urinary

catheterization, arterial and

central venous catheterization

MAP =65 mm Hg

Urine output
=0.5 ml/kg/hr

complete 6 hr

Standard
care

Did not
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Continuous
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and —
early goal-directed
therapy for =6 hr

Hospital
admission
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CVP =8-12 mm Hg

MAP =656 mm Hg

Urine output
=0.5 ml/kg/hr

Vital signs and laboratory

data obtained every
12 hr for 72 hr
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Follow-up
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Rivers,
Stands
Mortal

Supplemental oxygen =
endotracheal intubation and
mechanical ventilation

Y

Central venous and
arterial catheterization

v

Sedation, paralysis

{if intubated),
or both

Crystalloid
<8 mm Hg I Y

I—) Colloid

8-12 mm Hg

»| Vasoactive agents

=65 and <90 mm Hg

<70% Transfusion of red cells
until hematocrit =30%

=70%

<70%

Goals

Inotropic agents |e—oou«—

achieved

No

Hospital admission

iter)
-GDT)



Mortality: 46.5% vs 30.5%




* pressors?

* monitoring




ProCESS Investigators, Yealy DM, Kellum JA, Juang DT, et al. A randomized trial of protocol-
based care for early septic shock. N Engl ] Med 2014; 370(18):1683-1693

The ARISE Investigators and the ANZICS Clinical Trials Group. Goal-directed resuscitation for
patients with early septic shock. N Engl ] Med 2014; 371:1496-1506

Mouncey PR, Osborn TM, Power GS, et al for the ProMISe trial investigators. Trial of early, goal-
directed resuscitation for septic shock. N Engl ] Med 2015: DOI: 10.1056/NEJMoal1500896




Fluids in sepsis: ProCESS

e 2014, NEJM, randomized, multicenter

* Three groups: EGDT, “standard protocol”, “usual
care”, 1:1:1

* 1,351 patients

A Randomized Trial of Protocol-Based Care for Early Septic Shock

In a multicenter trial conducted in the tertiary care setting, protocol-based resuscita-

tion of patients in whom septic shock was diagnosed in the emergency department
did not improve outcomes.



Supplemental oxygen + endotracheal
intubation and mechanical ventilation

y

»2 large bore (18 g orlarger) IV's
(Central line if unable to achieve)!

A

_| Sedation, analgesia, +/or

" | paralysis (if intubated)

v

500-1000 ml fluid bolus*

(min. initial total fluid? = 2 L*,
unless fluid replete/overload?®)

A

SBP > 100 mmHg*

SBP < 100 mmHg*,
orS|>0.8,
Or on vasopressors

A

V. 1 Isotonic IVF @
No asopreceons 250-500 mi/hour?
ypoperfusion®67>>«
Yes
*Time-sensitive Time Corrective
No target allowed 7 action
: Fluid bolus 20 minutes 3|V or
>Rea_ssess q3(_) min (500-1000 mi) ol
»Monitor for fluid overload?®
»Consider recheck lactate, HCT Initial fluid bolus 1 hour 39|V or
2L) central line
SBP > 100 mmHg 1 hour Vasopressors




Protocol-based EGDT Protocol-based
standard therapy
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The ProCESS Trial — A New Era of Sepsis Management
Craig M. Lilly, M.D.

The importance of early detection and treatment creased mortality to delays in the administration
for reducing the mortality associated with sepsis of appropriate antibiotics® suggested that early
has been a tenet of medical training since the administration of antibiotics increased survival
middle ages, when it was noted that “. . . the in all groups of the trial. Indeed, in the ProCESS



Goal-Directed Resuscitation for Patients
with Early Septic Shock

The ARISE Investigators and the ANZICS Clinical Trials Group*

In critically ill patients presenting to the emergency department with early septic
shock, EGDT did not reduce all-cause mortality at 90 days.




Measure EGDT Usual Care AD 95% Cl p
90-day mortality
Mean (SD)

18.6% 18.8% -0.3% -4.1 10 3.6% 0.90

AD = absolute difference; Cl = confidence intervals; p = p value

Measure EGDT Usual Care RR 95% ClI p
Vasopressor support 76.3% 65.8% 1.16 1.09 10 1.24 < 0.001
ED LOS 14 20 n/a < 0.001
hours
ICULOS 28 28 n/a 0.81
days
Hospital LOS 8.2 8.5 n/a 0.89
days

28-day mortality 14.8% 15.9% 0.93 0.731t01.17 0.53



Usual care or 6-hour protocol: ProMISe

e 2015, England, randomized
* Assumed 40% mortality at 90 days

e EGDT with central catheter for 6 hours vs
‘standard care’

* 1,260 patients

Trial of Early, Goal-Directed Resuscitation
for Septic Shock



Supplemental oxygen for
Sp0,293%

Insertion of CVC with ScvO2 monitoring capability
Insertion of arterial line

500 ml fluid bolus
CVP every 30 mins until
28mmHg? CVP28mmHg '

2
MAP-BSmmHg?

Consider
ScvO;

Ho<10gdl’ [8%0:| Hb210gdi’ — [<70% Tf&ﬂiﬂfﬁ'
—PRBC® F7 Dobutamine * sedation and

paralysis

Goals achieved?

Crystalloid or colloid equivalent per standard practice
If MAP>90 mmHg, consider vasodilator

Hb post-1V fluids administration

Maximum dose 20 ug kg™ min™': reduce/discontinue if
concerned about drug-induced tachycardia

Reassess goals
every 30 minutes for six hours




Usual care or 6-hour protocol: ProMISe

All cause mortality at 90 days: EGDT vs. usual care
29.5% vs. 29.2% p=0.9

Secondary outcomes: SOFA at 6 hours: 6.4 vs. 5.6
SOFA at 72 hours: 4.0 vs. 3.7

Requirement for, and duration of, critical care unit organ
support: no difference in receipt or days free (up to 28
days) from advanced respiratory, advanced cardiovascular
support or renal support



Rivers et al ProMISe ProCESS ARISE
Location us UK us Australasia
Population 263 1260 1351 1600
APACHE Il (approx) 20 18 21 15

Sepsis Definition
Suspected / Actual
Infection Yes Yes Yes Yes
SIRS criteria= 2 Yes Yes Yes Yes
Refractory |BP or
e Yes Yes Yes Yes
] Protocol
Fluid before ~20-30 mi/kg
randomisation 20-30 ml/kg > 1000 mi Changed during study > 1000 mi
Recruitment not <6h from ED arrival & <2h  <12h from ED arrival & <2h  <6h from ED arrival & <2h
specified from shock criteria from shock criteria from shock criteria
Intervention =ebT @ EGDT 6 hours EGDT 6 hours EGDT 6 hours
Usual 1) Protocol usual therapy
Control therapy Usual therapy 2) Usual therapy Usual therapy
. In-hospital . . .
Primary outcome . 90-day mortality 60-day mortality 90-day mortality
mortality
Primary Outcome

Intervention 30.5% 29.5% 21.0% 18.6%
Control 46.5% 29.2% 1182% 18.8%

2) 18.9%




Goals: high or low mean arterial pressure?

e 2014, randomized

 Mean arterial pressure of 80-85 vs 65-70 mmHg
 Mortality at 28 days: 36.6% vs 34.0%
 Mortality at 90 days: 43.8% vs 42.3%

High versus Low Blood-Pressure Target in Patients with Septic Shock

Targeting a mean arterial pressure of 80 to 85 mm Hg, as compared with 65 to
70 mm Hg, in patients with septic shock undergoing resuscitation did not result in
significant differences in mortality at either 28 or 90 days.






Fluids in sepsis: albumin

e 2004, randomized, multiple ICU, double-blind
* crystalloid or 4% albumin
 No differences in...

— days in ICU, days on ventilator, days on dialysis
— deaths at 28 days

— single organ failure

— multiple organ failure

A Comparison of Albumin and Saline for Fluid
Resuscitation 1n the Intensive Care Unit



Fluids in sepsis: albumin

e 2014, randomized, Italy, multicenter

* crystalloid or cystalloid + 20% albumin
* Death at 28 days: 32.0% vs 31.8%

* Death at 90 days: 43.6% vs 41.1%

Albumin Replacement in Patients
with Severe Sepsis or Septic Shock



Fluids in sepsis: starches

e 2012, randomized, ICU

* Normal saline or 6% hydroxyethyl starch for all
fluid resuscitation

* At 90 days, no difference in death overall or in any
subgroup

Hydroxyethyl Starch or Saline for Fluid
Resuscitation in Intensive Care









Fluids in sepsis: red blood cell transfusion?

e delivery of oxygenated hemoglobin to tissues
* TRISS

e 2014, multicenter, ICU, randomized

* RBCs given if Hgb <9 gm/dL or <7 gm/dL
 deathat 90 days 45.0% vs 43.0%

Lower versus Higher Hemoglobin Threshold
for Transfusion in Septic Shock






Ringer’'s 130 4 2.7 109 273

lactate

Isolyte® 140 2.5 103 2955




Ringer’'s 130 4 2.7 109 273

lactate

Isolyte® 140 2.5 103 2955










IV fluids and noradrenalin

Noradrenalin vasoconstricts = increases afterload,
and it increases venous return

e Crit Care Med. 2012;40:3146-3153
* Crit Care Med. 2011;39:689-94

e Crit Care Med. 2013;41:143-50

* Critical Care 2007;11(Suppl 2):P37

e Critical Care 2010, 14:R142

* Anesthesiology 2014; 120:365-77




How can a vasopressor help?

* Achieve critical perfusion pressures (heart will get
better, but may look worse initially)

* |ncrease venous return

* Avoid gut ischemia and flow reduction



Not blood pressure, but FLOW...

However, for organs to be perfused, certain critical
perfusion pressures must be present:

* Brain: MAP of 50 (non-vasculopath dogs, Plochl et
al. 1998)

 Heart: MAP of 65 (Dunser et al.)

* Kidneys: MAP of 65-75? (Bellomo, Wan, and May
2008)
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Emergency department management of early sepsis:
a national survey of emergency medicine
and intensive care consultants
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* ScvO,

e Echo:

— cardiac output
— stroke volume

— IVC collapse




What we need to do

* If hypotensive or lactate >4 mmol/L...
 Within 30 minutes... (measure lactate)

— oxygenate

— 2 large-bore IVs, pressure bags, 30 mL/kg crystalloid
bolus (balanced solution)

— cultures/antibiotics




Summary

MAP of 65 mmHg
Hemoglobin > 7 gm/dL
Balanced electrolyte (crystalloid) solution

An initial dose of 30 mL/kg... then monitoring to
guide further therapy

— ultrasound, lactate, ven-art CO,, urine output, PLR

— more fluids?, noradrenalin?, dobutamine? vasopressin?









