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Main Objectives of the Presentation

« To understand the magnitude and importance of
sepsis
e To be able to diagnose sepsis very early

 Management of the septic patient



IMPORTANCE



Epidemiology

750,000 cases per year in the US
— 380,000 ICU admission (130,000 mechanical ventilation)

The incidence of sepsis Is projected to increase by 1.5% per
year

The 10th leading cause of death in the US
— 9.3% of all deaths

1st leading cause of death in ICUs except coronary care
units

Very high cost
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25% multiple sites
20% unknown site

MDR microorganisms
Fungi
20-30% not identified
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Unacceptable High Mortality Rate?

 Difficult and late diagnosis
— Complex pathophysiology
— No specific marker
— Heterogenous presentation
— Presented to physicians from different specialties

— No or little awareness

e Delay In treatment
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e Awareness and suspicion

e Guidelines (2004, 2008)

— Implementation at bedside

 Bundle

* Reduction in mortality
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DIAGNOSIS
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ACCP/SCCM. Chest 1992
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Culture proven or
clinically suspected
Infection

>2 SIRS criteria

— Fever (or hypothermia)
— Tachycardia

— Tachypnea

— Leukocytosis (or leokopenia)
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Sepsis + >1 organ dysfunction
or hypoperfusion:

— Cardiac (hypotension)
— Oliguria

— Acute lung injury

— Altered mental status
— Lactic acidosis

SEVERE

Hypotension refractory to fluids
alone

Refractory

= Dopamine > 15 mcg/kg/min

" Norepinephrine > 0.25
mcg/kg/min
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HYPERDYNAMIC SHOCK
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(2001 International Sepsis Definitions Conference. Crit Care Med
2003)

Definite or suspected infection
+
1. General variables
2. Inflammation variables
3. Hemodynamic variables
4. Organ dysfunction variables
5. Tissue perfusion variables
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General Variables

Fever (>38.3°C)
Hypothermia (<36°C)
Tachycardia (>90 bpm)
Tachypnea

Altered mental status

Edema or positive fluid balance (>20
mL/kg/day)

Hyperglycemia (>120 mg/dL, in the abscence
of DM)
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Inflammation Variables

Leukocytosis (>12,000/mm?)

Leukopenia (<4000 /mm?3)
>10% band
CRP >(N + 2SD)

Procalcitonin >2 ng/mL
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Procalcitonin

Calcitonin propeptide
Normally secreted from C-cells of the thyroid gland

Produced from inflammatory cells in serious bacterial infections

= Endotoxin and proinflammatory sytokines stimulate secretion
Normal values <0.1 ng/mL
SIRS: 0.5-2 ng/mL
Sepsis: >2 ng/mL
Sepsis+MOF: >10-100 ng/mL

Half life ~ 24 saat (daily measurement)

Secreted 20 hours earlier than CRP
Related with prognosis
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Hemodynamic Variables

e Hypotension

— SBP <90 mmHg, MAP <70 mmHg, >40 mmHg
decrease in SBP

e SvO2 >%70 (resuscitated sepsis)

e Cardiac index >3.5 L/min/m?2
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Organ Dysfunction Variables

Hypoxemia (PaO,/FiO, <300)
Acute oliguria (<0.5 mL/kg/hr for >2 hours)
Increase in creatinine of >0.5 mg/dL

Coagulation abnormality (INR >1.5, aPTT >60
sec)

lleus (disappearance of intestinal sounds)
Thrombocytopenia (<100,000 /mm?3)
Hyperbilirubinemia (>4 mg/dL)
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Tissue Perfusion Variables

 Hyperlactatemia (>4 mmoL/L)

 Decrease in capillary refill time (<3 sec) or

skin mottling
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SIRS, shock and organ failure
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MANAGEMENT
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Overall Management

 FIRSTLINE |

Airway
Ventilation
Assess perfusion

Goal directed therapy with
fluids and vasoactive drugs

Place arterial and/or central
venous catheter

Obtain cultures
Empiric antibiotics

Source control

« SECOND LINE

Lung protective ventilation
strategy

Glycemic control
Corticosteroid
Activated protein C

Nutritional support after
hemodynamic stabilization

Prophylatic measures
against DVT, Gl bleeding
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Early Goal Directed Therapy

 Treatment of infection

« Hemodynamic
optimization

CVP: 8-12 mmHg
MAP: > 65 mmHg

Urine output: > 0.5
mL/kg/hr

Central venous oxygen
saturation (SvO2): > 70%
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Suspicion of sepsis
|

Arterial catheter

Hourly urine output

Central venous catheter (superior vena cava)

’

fud -
CVP <8 mmHg | —

boluses

’

MAP < 65 mmHg |— | Dopamine

Norepinephrine

Hct <30% | —

SvO, <70%

Hct >30%
SvO, <70%

_

Transfusion

\>
/

Dobutamine

Rivers. NEJM 2001 3
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Restoration of Perfusion

e 500-1000 mL/30 min crystalloids (6-10 L/24
hr)

— Be careful about hyperchloremic acidosis with
large volume saline resuscitation

e 300-500 mL/30 min colloid (5% alblmin; 2-4
L/24 hr)

— Avoid hyperoncotic albumin

— Avoid hetastarch
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 They should be used after adequate volume resuscitation !

Vasoactive Agents

Norepinephrine Alpha R

Phenylephrine Very effective at increasing BP

Dopamine Dopamine, alpha abd beta-1 R
Inotropic effect, Arrhythmogenic

Epinephrine Alpha and Beta R

Inotropic in low doses
Vasoconstrictive at high doses
Arrhythmogenic, ischemic

Vasopressin

Low levels in sepsis
Rescue drug, Ischemic

Dobutamine

Beta receptors
Inotropic
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Determination of Cardiac Function

e Cardiac filling pressures

— CVP (RA), Pulmonary artery occlusion
pressure (LVEDP)

e VVolume determinations

e Cardiac output
— Thermodilution
— Pulse contour analysis
— Echocardiography
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Antimicrobial Treatment

1 hour
Source control

Source of infection

= Community-acquired vs. hospital acquired
» Health care associated

= Pneumonia, UTI, etc
= Age, co-morbidities
Duration of hospitalization
= |f prolonged think about resistant microorganisms

Previous antibiotic use
= Resistant antibiotics

Cultures

|

Early, appropriate, intravenous, broad spectrum antibiotic

|

De-escalation within 48-72 hrs
According to cultures
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fraction of total patients

Duration of hypotension before initiation of effective antimicrobial
therapy is the critical determinant of survival in human septic shock™
Anand Kumar, MD; Daniel Roberts, MD; Kenneth E. Wood, DO; Bruce Light, MD; Joseph E. Parrillo, MD;

Satendra Sharma, MD; Robert Suppes, BSc; Daniel Feinstein, MD; Sergio Zanotti, MD; Leo Taiberg, MD;
David Gurka, MD; Aseem Kumar, PhD; Mary Cheang, MSc
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Median time to effective AB was 6 hr.
Only 50% of septic patients received effective AB within 6 hr of hypotension.
Each hour of delay in effective AB treatment increases mortality by 7.6%.

Crit Care Med 200§,



Corticosteroids

 Controversial

— Annane. JAMA 2002: 200 mg hydrocortisone +
mineralocorticoid increased survival in responders of
ACTH stimulation test

— CORTICUS study (NEJM 2008): 200 mg
hydrocortisone had no effect on survival; decreased
shock reversal time

 Low dose (< 300 mg hydrocortisone) only in
patients poorly responsive to fluids and
vasoactive drugs

Surviving sepsis guideline 2008
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Activated Protein C

! coagulation

— Inactivates F Va, F Vlla, ¥ thrombin generation and platelet
activation

! inflammation
— { neutrophil recruitment
— { mast cell degranulation

Cytokines inhibit APrC (prognostic)

PROWESS study (NEJM 2001): rAPrC improves survival
In patients with APACHE Il > 25 and multi-organ failure

Serious risk of bleeding
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Treatment of Hyperglycemia

e Causes of hyperglycemia
— T counterregulatory hormones

— T cytokines Poor prognosis
— TPN/dextrose solutions ! phagocytosis

Endothelial dysfunction

Acute kidney injury
T Gluconeogenesis =)

Critical illness polyneuropathy
Insulin resistance

T duration of MV

Increase infection rates

Van den Berghe surgical ICU study (NEJM 2001): Strict glycemic control (80-110
mg/dL) improves survival

Serious risk of hypoglycemia
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Others

e Lung protective ventilation strategy
(ARDSnet. NEJM 2000)

_ow tidal volume (6 mL/kQ)
PEEP > 5 cmH20

_ow plateau pressures (< 30 cmH20)

e Other supportive treatment
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