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Severe Sepsis 751,000 casesly
Mortality 28.6%




From Infection to Septic Shock
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Definition

® SIRS
® Sepsis
® Severe Sepsis

® sepsis-induced hypotension

® sepsis-induced hypoperfusion

® Septic shock

SIRS

(Systematic Inflammatory Response Syndrome)

® BT >38C or<36C

® HR > 90 bpm

® RR > 20 bpm or PaCO2 < 32 mmHg
® WBC > 12K, < 4K or > 10% bands

Sepsis = SIRS +

Presumed or confirmed infectious process

Bacteremia

Other |
Infection SIRS
Fungemia Sepsis | Trauma |
Parastemia
Viremia | Burns )

Other :
Rancreatitis

Bloodborne infection

Sowurce: Tintinalli JE, Stapczynski JS, Ma OJ, Cline DM, Cydulka RK, Mecklar GD:
Tintinalli's Emergency Medicne: A Comprehensive Study Guide, 7th Edition:
http:/fwww. accessmedicine.com

Copyright @ The McGraw-Hill Companies, Inc All rights reserved.

“Dear SIRS, | don” t like you”

Dear SIRS, you are too sensitive

Dear SIRS, you do not help us understand the
pathophysiology of sepsis

Dear SIRS, you do not reflect the severity of the disease
Dear SIRS, you detract us from searching for the infection

Dear SIRS, | am afraid we don’ t need you

Diagnostic criteria for Sepsis
GIHOT

General variables

Inflammatory variables

Hemodynamic variables

Organ dysfunction variables

Tissue perfusion variables




Diagnostic criteria for Sepsis
GIHOT

® General variables
Fever (core temperature > 38.3°C)
Hypothermia (core temperature < 36°C)
Heart rate > 90 bpm or >2 SD above the normal value
Tachypnea
Altered mental status
Significant edema or positive fluid balance (>20 mL/kg over 24 hrs)

Hyperglycemia (plasma glucose >140 mg/dL) in the absence of diabetes

Diagnostic criteria for Sepsis
GIHOT

® Inflammatory variables
Leukocytosis (WBC count > 12,000/ 2 L)
Leukopenia (WBC count < 4000/ L)
Normal WBC count with > 10% immature forms
Plasma C-reactive protein > 2 SD above the normal value

Plasma procalcitonin > 2 SD above the normal value

Diagnostic criteria for Sepsis
GIHOT

® Hemodynamic variables
= Arterial hypotension
SBP < 90 mm Hg,
MAP < 70 mm Hg, or
SBP decrease > 40 mm Hg in adults or < 2 SD below normal for age

= Bundle thresholds = 65 mmHg

Diagnostic criteria for Sepsis
GIHOT

® Organ dysfunction variables
Arterial hypoxemia (PaO2/FiO2 < 300)

Acute oliguria (urine output < 0.5 mL/kg/hr for at least 2 hrs despite
adequate fluid resuscitation)

Creatinine increase > 0.5 mg/dL

Coagulation abnormalities (INR > 1.5 or aPTT > 60 secs)
lleus (absent bowel sounds)

Thrombocytopenia (platelet count < 100,000 / 2 L)

Hyperbilirubinemia (plasma total bilirubin > 4 mg/dL)

Diagnostic criteria for Sepsis
GIHOT

® Tissue perfusion variables
Hyperlactatemia ( > | mmol/L)

Decreased capillary refill or mottling

SIRS to Septic Shock

Insult SIRS Sepsis vere is
confirmed infectious process

22 of the following:
*BT >38°C or <36°C
*HR > 90bpm

*RR > 20bpm or PaC0O2 <32mmHg :

*WBC >12,000, <4,000, or >10% bands

Sepsis + =1 organ dysfunction

Septic
Shock

*Unexplained metabolic acidosis
Bone RC, et al. Chest 1992;101:1644




®Severe Sepsis

Sepsis induced tissue hypoperfusion or organ dysfunction

Sepsis-induced hypotension

Lactate > normal UL

Urine output < 0.5 mL/kg/hr for > 2 hrs despite adequate fluid resuscitation
Acute lung injury with PaO2/FiO2 < 250 for those w/o pneumonia as source
Acute lung injury with PaO2/FiO2 < 200 for those w/ pneumonia as source

Creatinine increase > 2.0 mg/dL

Bilirubin > 2 mg/dL

Platelet < 100K

Coagulopathy (INR > 1.5)

® Sepsis-induced tissue hypoperfusion

® infection-induced hypotension, elevated lactate, or oliguria

® Septic shock

® sepsis-induced hypotension persisting despite adequate fluid

resuscitation

Epidemiology of Sepsis in US
(1979-2000)

Sepsis in the United States

Organ dysfunction is a
major outcome parameter
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Strong recommendation
£
Standard of care

How do we recognize sepsis and
global tissue hypoxia in
the pre-ICU period?

V02
Sv02
OER
Lactate

SvO, and Lactate as Markers of
Global Tissue Hypoxia in Sepsis
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Initial resuscitation

Protocol with quantitative resuscitation

Sepsis-induced tissue hypoperfusion

Goals within first 6 hours
I.  CVP8-12 mmHg (MV 12-15 mmHg)
2 MAP > 65 mmHg
3. Urine output = 0.5 mL/kg/hr
4 ScvO2 = 70 % or SvO2 = 65% (IC)

Lactate normalization (2C)

Fluid therapy

Crystalloids: initial fluid of choice (1B)

Hydroxyethyl starches: against (1B)

Albumin: supplement of crystalloids (2C)
Volume: minimun 30 mL/kg (1C)

Challenge technique (UG)

Responsiveness: dynamic or static (UG)

Vasopressors

Target: MAP > 65 mmHg (1C)
Norepinephrine: first choice (I1B)

Epinephrine: additional agent (2B)

® Vasopressin 0.03 U/min (UG)
- to raise MAP or decrease NE dosage
- not for single use
- higher dose only for salvage therapy

NE is superior to dopamine

TABLE 7. In Severe Sepsis Summary of Evidence
with in severe sepsis

of popuiation: Patients with severe sepsis

lllustrative Comparative Risks*
(95% CI)
Relative No. of of the

Assumed Corresponding Effect  Participants Evidence
Risk Risk (95% C)  (Studies) (GRADE) Comments

Dopamine Norepinephri
Short-term mortaity Stug RROQ1 2043 (6 studies) DO
530 per 1000 482 per 1000 (4400 524) 0090 moderaio
Stucy population RROAT 1931 (2studies) 9065
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Vasopressors

® Dopamine (2C)
- low risk of tachyarrhythmias
- absolute or relative bradycardia
® Phenylephrine only for (1C)
- NE associated with arrhythmias
- High CO and Low BP
- Salvage therapy
® Low-dose dopamine: not for renal protection (1A)

® Arterial catheter if available (UG)

Inotropic therapy

® Dobutamine up to 20 1 g/kg/min (1C)
® myocardial dysfunction

= elevated cardiac filling pressure

= low cardiac output

® ongoing hypoperfusion

® Not for supranormal cardiac index (1B)




SSC performance improvement program
US, Europe, South America

Corticosteroids

® Hydrocortisone a 1
- refractory septic shock (2C) ‘;
- 200 mg/day 2C) : -
- continous flow (2D) ¥

- no role for ACTH stimulation test (2B)

- no vasopressor, no steroid (2D)

Hoapital Mortality (%)

- no shock, no steroid (ID)

Low CVP and ScvO2 achievement BP & Lactate in Sepsis

Table 3. Change in achicvement of bund!

Final Quarter p Value Compared 1 Value Comy

With |u=|-.I..|" LOW BP +

Low BP Lac > 4

Lac = 4
<o Prevalence  16.6% 49.5% 5.4%
Mortality — 46.1% 36.7% 30%

riod, regandless of total number of quarter of each

ScvO?2 70% vs Lac clearance 10% Screening

Table 5. Hospital Mortality and Length of Stay

Proportion

Lactate Clearance Difference (95% ® Earlier screening, earlier therapy implementation (1C)
) Group Scvo, Group Confidence P o
Variable (=150 n =150 Interval) __ Value ® Hospital-based performance improvement (UG)

In-hospital mortality, No. (96

Intent to treat 25(17) 34 23) G (-3t 15) - istent d ti

Per protocol 25 (17) ) 5(-3t0 14) consistent education
Length of stay, SD), d . .

A ot stay, mean (1) 59846 56(7.39) 75 - protocol development & implementation

Hospital 11.4 (10.89) 12.1 (11.68) ) _ d llecti
Hospital complications ata collection

Ventilator-free days, mean (SD) 9.3(10.31) 9.9(11.09) 67 Lo

Multiple organ failure, No. (%) 37 (25) 3322 68 - measurement of indicators

Care withdrawn, No. (%) 14(9) 23 (15) 15 .1 . .
Abbredations: 10U, intensive care unit; Sovo., central venols axygen saturation. = feedbaCk to faCIIItate continuous Improvement

Aprimary study end point,
B Continuous data are compared using an unpaired 1 test; calegorical variables, using the 3 test.




SSC bundles (3 hrs)

® H|ELactateE{H
® RFMARIRE MRS
® BYBEMINAER

® SR M1 ER s} Lactate > 36 mg/dL (4
mmol/L)Z - 45T 30 mUkgBREA R

SSC bundles (6 hrs)

IR R EER T FHEB L #FMAP = 65 mmHg

BB T SR A7 5 6 ML R A BRI 14 R ST S W] 4 Lactate > 36 mg/dL (4 mmol/L) 2
®  CHERREARES (CVP) *

*  HEPABREFRHEE (SvO2) *
#H¥YALactate - F+E FEDR ELactatefd *

¢ REBR ()
® CVP=x=8mmHg
® ScvO2 = 70%

* Normalization of lactate

Data collection

Severe Sepsis Chart Review data collection tool for educational purposes

B n the Evaluation for Severe is Screenin:

Does the patient history suggest a new infection? If yes,
[] Does the patient present with two or more new signs or symptoms of infection? If yes,
] Does the patient have evidence of organ dysfunction due to the infection?

ree abo were
1. Met Cmena for Sc\erc Scp5|s Scpllc Shock
2. Determine the date and time of presentation g .
« Time of presentation is equal to ED triage time or documentation (date and time) supporting the diagnosis of
severe sepsis in the progress notes for non-ED admissions.
3. Admission Category:
ED Transferred to Critical Care Unit from unit other than ED
Patients on the floor/unit outside the ED, enter date and time of last sepsis screen I

Currently in the ICU

Hospital Admission IR Critical Care Unit admission 150

3hr bundle

3 hour BUNDLE
Check if completed, proceed to enter date, time, and Y/N as appropriate

The goal is to start immediately and complete within 3 hours.
4.[] Measure serum lactate ___ Yes mmollLmgidl __ /| i __No
5.[] Obtain blood cultures prior to antibiotic administration Yes B No
Collected before the patient was started on an antibiotic for a suspected infection other than severe sepsis and continued
until the time of presentation
6.[] Administer broad-spectrum antibiotic, Minimize time to administration with a maximum of 3 hours
1. I 2 -
A broad spectrum antibiotic was inftiated for a suspected infection other than severe sepsis and continued until the time of
presentation with severe sepsis

Int event of h ension and/or ruml e 24 mmol/lL

Was the patient hypotensive? __No
" 7b. [JSBP<90 mmHg Y/N MAP <65 mmHg Y/N SBP decrease of >=40 mmHg Y/N
7c. []Deliver an initial minimum of 30 mlkg of crystalloid __Yes _ [/ / __No

7d. [[]Did MAP rise to and remain 265 after initial fluid resuscitation? ___ Yes _No

6hr bundle

6 hour BUNDLE (measured +/- achieved)

To be started immediately and complmd' within 6 hours
7e. [ Apply p jon not
arterial pressure (MAP) 285 mmHg___Yes __ No

7i. [] Did MAP remain >=65 without the use of vasopressors? __ Yes No

to initial fluid resuscitation to maintain mean

In the event of persistent hypotension ﬂeaphe fluid reunscitaum (septic shock) andlor lactate 24 mmol/L
8. [Insert acentral line  Yes |/

9. [] Measure a central venous pressure lC\"PJ _Yes _.f_.l_ Sz o — Kl
] Achieve a central venous pressure (CVP)>=8mmHg__ Yes /[ / . = _ No
10. [J Measure a central venous oxygen saturation (ScvO2) or mixed venous oxygen saturation
(SvO2)  Yes [ [ = __No
[] Achieve a central venous oxygen saturatlun (Scv02) = 70% or mixed venous oxygen saturation
(SvO2)265% __ Yes /| [ @ __No

10a. Type of catheter monitoring /intermittent [ Continuous [IN/A
11. [] Remeasure lactate, if initial laclate was elevated >2 mmol/L (18mg/dl)
_Nem -y e MR

12. Critical Care Unit Discharge !

Hospital Discharge ' | = Status Alive Deceased

Diagnosis

® Cultures (1C)
- Before antibiotics (no delay > 45 min)
- At least 2 sets of B/C ( IC as potential source)
- Volume of blood for culture > 10 mL
- Cultures of other sites
- Rapid influenza test during pandemic periods

1,3 B -D-glucan assay (2B), mannan and anti-mannan
antibody assay(2C) for invasive candidiasis




Diagnosis

® Imaging
= Seek for source of infection (UG)
® Biomarkers

= No recommendation to distinguish between sepsis and
inflammation

The earlier the antibiotics,
the better the survival
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Main causative organisms
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Antimicrobial therapy

® Goal of antimicrobial therapy (ideal but not
standard)

- for septic shock: < Ihr (IB)

- for severe sepsis: < Ihr (1C)

® Broad spectrum with good penetration (1B)
® Reassess daily for potential deescalation (1B)

® Low biomarker to assist stop antibiotics (2C)

Antimicrobial therapy

® Combination therapy

* for neutropenic p’ t (2B)

* for difficult / resistant pathogens (2B)

* for resp. failure & septic shock by bacteremic P.
aeruginosa, extended beta-lactam & AM or FQ (2B)

°

for septic shock from bacteremic Streptococcus
pneumonia, beta-lactam + macrolide (2B)

* no more than 3-5 days & de-escalation ASAP (2B)

Antimicrobial therapy

Duration for 7-10 days

® Longer course for
- slow clinical response
- undrainable foci of infection
- bacteremia with S.aureus
- special situations (fungal, viral , neutrpenic) (2C)

Antiviral therapy for severe viral origin sepsis (2C)

Not for SIRS with noninfectious cause (UG)




Source control

Anatomical diagnosis & source control < first
12 hours; risk vs benefit (1C)

Delayed intervention until adequate
demarcation for necrotizing pancreatitis (2B)

Intervention with least physiologic insult (UG)

Remove suspicious IV devices ASAP (UG)

Prevention

® Reducing VAP (ventilator-associated
pneumonia) in health care setting (2B)

selective oral decontamination (SOD)

®  selective digestive decontamination (SDD)

® Reducing risk of VAP in ICU

®  Oral chlohexidine gluconate (CHG) (2B)

Stratogios to Obviate the Progrossion of Sopsis
v

ProCESS

¢ Protocolized Care for Early Septic Shock
e NEJM 2013

Protocotbased EGDT  —— Protocol-based — Ussal care

A Cumulative In-Hospital Mortality 1o 60 Days

No. at Risk
Protocot based EGOT

ProCESS:
did not improve outcomes

standaed therapy
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Provscolbased standard theragy 446 389 376 368 366 366 365 Panel A shows cumulative in-hospital mortaly, truncated at 0 days, and
456

Usual care

¥6 36 I M I3 370 Panel B cumulative mortality up 10 1 year after randomization,

ProCESS trial elements

early recognition of sepsis
early administration of antibiotics
early adequate volume resuscitation

clinical assessment of the adequacy of
circulation




Albumin replacement for severe
sepsis or septic shock ??

¢ Albumin Italian Outcome Sepsis (ALBIOS) study
* NEJM 2013

Albumin did not improve survival

Crystalloids

Probability of Survival
1 h 1

T T T T T T T T N
0 10 20 30 40 50 60 70 80 %0
Days since Randomization

No. at Risk

Albumin 903 733 647 597 567 556 545 535 529 523
Crystalloids 907 729 652 598 676 551 538 521 511 504

High BP or Low BP for septic shock ??

¢ Sepsis and Mean Arterial Pressure (SEPSISPAM) trial
* NEJM 2013

Higher MAP is not better
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Figure 2. Mean Arterial Pressure during the 5-Day Study Period. Figure 3. Kaplan-Meier Curves for Cumulative Survival.

Heads of Sepsis

hypotension, hypoperfusion, and organ dysfunction

We can conquer sepsis !!




