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ACCP/SCCM Consensus Conference
1991 (Sepsis-1)

H ondn eivol amdtokog tTnG CUOTNHOTKAG
dAeypovwdouc anokplong tou eviotn (SIRS)
otn Aolpwén

C>Septic
OSevere Shock

O = i Severe Sepsis + Hypotension
Sepsis >cPSIS

SIRS + Infection

O -
SIRS =CHEST
-
Temp. >38°C or <36°C, HR >90, RR >20 or PaCO, <32,

’ 5 AMERICAN COLLEGE
WBCs >12,000 or <4,000 or >10% bands of CHEST PHYSICIANS

Sepsis + End Organ Damage
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ZNYn =
Aoipwén + dvo
N nepLocitEpa
kputpia SIRS

ACCP/SCCM Consensus Conference
1991 (Sepsis-1)

ZoBapn ZRYn =

OTHER

L

InPn +

AvcAettovpyia §
Opyavou 1

unoapdsuaon

SEPSI TRAUMA

Innukod ok =
ZoBapn ZNYn
ME Eppévouoa
unotacn napad
™V ENapKn
Xoprynon
uypwv

Ficure 1. The interrelationship between systemic inflammatory response syndrome (SIRS), sepsis, and

BURNS

wiaw = CHEST

AMERICAN COLLEGE
af CHEST PHYSICIANS

KKK
7aNY/aN

BLOOD BORNE INFECTION
Society of

infection. Critical Care Medicine
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ACCP/SCCM Consensus Conference 1991 (Sepsis-1)

22 Qo T MOPOKATW:
0>38 -Cor <36 °C
HR > 90 beats/min
RR > 20 breaths/min

WBC >12000 /mm3 n <
4000/mm3 n 10% bands

22 Kpunpla SIRS kat vrtoia
emuBepaiwpévn Aoipwén

Zndn ko SuoAetovpyia 2 1 opyavo:

ZOBapn an "I" n SBP< 90 mapd ta EMapKI vypa

Cr>0.5 enineda avadopac R HD
PLT<10.000
PH<7.3 R lactate>4mmol/I

SGOT, SGPT>2x normal —_
i o,
XoAepuBpivn>4 - CH E ST

EtAg0g AMERICAN COLLEGE

J KAipaka Maokwpne (GCS) of CHEST PHYSICIANS

Pa02/Fi02<300, PEEP>7.5
Society of
Critical Care Medicine

The Intensive Care Professionals

Ny n Kaw, Topa TNV EMAPKN Xopnynon
uypwv , SBP<90 n MAP<60




To 2001
npootednkav
TEPLOCOTEPEC
AETITOUEPELC VLA
va BonOnBouv ot
KALVIKOL LaTpol
oTNV avayvwelon
™¢ onyng.
(Sepsis-2)

Levy MM, et al.
2001CCM/ESICM/ACCP/ATS/SIS
InternationalSepsis Definitions
Conference.Crit Care Med
2003;31:1250-6.

Table 1. Diagnostic Criteria for Sepsis, Severe Sepsis, and Septic Shock.*

Sepsis (documented or suspected infection plus =1 of the following) |
General variables
Fever (core temperature, »38.3°C)
Hypo’[hermia (core temperature, <36°C)
Elevated heart rate (90 beats per min or >2 SD above the upper limit of the normal range for age)
Tachypnea
Altered mental status
Substantial edema or positive fluid balance (>20 ml kg of body weight over a 24-hr period)
Hyperglycemia (plasma glucose, 120 mg/dl [6.7 mmol/liter]) in the absence of diabetes
Inflammatory variables
Leukocytosis (white-cell count, >12,000/mm?)
Leukopenia (white-cell count, <4000/ mm?)
Normal white-cell count with >10% immature forms
Elevated plasma C-reactive protein (>2 SD above the upper limit of the normal range)
Elevated plasma procalcitonin (2 SD above the upper limit of the normal range)
Hemodynamic variables

Arterial hypotension (systolic pressure, <90 mm Hg; mean arterial pressure, <70 mm Hg; or decrease in systolic
pressure of >40 mm Hg in adults or to >2 SD below the lower limit of the normal range for age)

Elevated mixed venous oxygen saturation (>70%)1
Elevated cardiac index (>3.5 liters/min/square meter of body-surface area)|
Organ-dysfunction variables
Arterial hypoxemia (ratio of the partial pressure of arterial oxygen to the fraction of inspired oxygen, <300)
Acute oliguria (urine output, <0.5 mlfkg/hr or 45 mlfhr for at least 2 hr)
Increase in creatinine level of >0.5 mg/dl (>44 umolliter)
Coagulation abnormalities (international normalized ratio, >1.5; or activated partial-thromboplastin time, »60 sec)
Paralytic ileus (absence of bowel sounds)
Thrombocytopenia (platelet count, <100,000/mm?)
Hyperbilirubinemia (plasma total bilirubin, >4 mg/dl [68 umol/liter])
Tissue-perfusion variables
Hyperlactatemia (lactate, =1 mmol/liter)
Decreased capillary refill or mottling
Severe sepsis (sepsis plus organ dysfunction)
Septic shock (sepsis plus either hypotension [refractory to intravenous fluids] or hyperlactatemia){|




A Unadjusted Mortality
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| mg
G 3
ORIGINAL ARTICLE i’ 254
. E 20- i
Systemic Inflammatory Response Syndrome e
Criteria in Defining Severe Sepsis £ N
Kirsi-Maija Kaukonen, M.D., Ph.D., Michael Bailey, Ph.D., David Pilcher, F.C.I.C.M,, E g
D. Jamie Cooper, M.D., Ph.D., and Rinaldo Bellomo, M.D., Ph.D.
0
. . 0 | 2 3 4
e 172 ICUs in Australia and No. of SIRS Criteria Met
New Zealand B Adjusted Ocds of Deat
* >100,000 patients e
retrospectively found 16- }
. o L4
from 2000-2013 with SIRS 1 1 % %
and sepsis B 0 ‘%
e SIRS missed 1 in 8 patients 3 1
. . 0.4
with sepsis!! )
* No transition point in D1 1 1
mortality with “2 or more No-f SIS Cer v
: N Figure 2. Mortality among Patients with Severe Sepsis,
SIRS criteria ” According to Number of SIRS Criteria Met.
The bars represent 95% confidence intervals.




The Third International Consensus Definitions s Soolys L
for Sepsis and Septic Shock (Sepsis-3)

JAMA. 2016;315(8):801-810. d0i:10.1001/jama.2016.0287

Task Force made up of 19 Intensivists convened to update
Sepsis Definitions, understanding there’s no validated
diagnostic test (Gold Standard)

“The current use of 2 or more SIRS criteria to identify sepsis
was unanimously considered by the task force to be
unhelpful.”

Severe sepsis definition removed — redundant with the new
sepsis definition



Assessment of Clinical Criteria for Sepsis
For the Third International Consensus Definitions
for Sepsis and Septic Shock (Sepsis-3)

JAMA. 2016;315(8):762-774. d0i:10.1001/jama.2016.0288

Society of
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Suggested Clinical Criteria for Sepsis (if in
ICU?)

Infection + 2 or more SOFA points (above
baseline)

Consider Sepsis outside ICU if

Infection + 2 or more gqSOFA points



Table 1. Sequential [Sepsis-Related] Organ Failure Assessment Score®

Score
System 0 1 2 3 4
Respiration
Pao,/Fi0,, mm Hg 2400 (53.3) <400 (53.3) <300 (40) <200 (26.7) with <100 (13.3) with
(kPa) respiratory support respiratory support
Coagulation
Platelets, x10%/pL 2150 <150 <100 <50 <20
Liver
Bilirubin, mg/dL <1.2 (20) 1.2-1.9 (20-32) 2.0-5.9 (33-101) 6.0-11.9 (102-204) >12.0 (204)
(umol/L)
Cardiovascular MAP 270 mm Hg MAP <70 mm Hg Dopamine <5 or Dopamine 5.1-15 Dopamine >15 or
dobutamine (any dose)® or epinephrine <0.1 epinephrine >0.1
or norepinephrine <0.1°  or norepinephrine >0.1°
Central nervous system
Glasgow Coma Scale 15 13-14 10-12 6-9 <6
score*
Renal
Creatinine, mg/dL <1.2 (110) 1.2-1.9(110-170) 2.0-3.4 (171-299) 3.5-4.9 (300-440) >5.0 (440)
(umol/L)
Urine output, mL/d <500 <200

Abbreviations: Fio,, fraction of inspired oxygen; MAP, mean arterial pressure;

Pao,, partial pressure of oxygen.

3 Adapted from Vincent et al.”’

b Catecholamine doses are given as pg/kg/min for at least 1 hour.

¢ Glasgow Coma Scale scores range from 3-15; higher score indicates better

neurological function.




Assessment of Clinical Criteria for Sepsis
For the Third International Consensus Definitions
for Sepsis and Septic Shock (Sepsis-3)

JAMA. 2016;315(8):762-774. d0i:10.1001/jama.2016.0288

Taskforce

wanted to

predict:

- Increased
mortality

- Increased ICU
length of stay

Society of
Critical Care Medicine

The Intensive Care Professionals

Table 1. Variables for Candidate Sepsis Criteria Among Encounters With Suspected Infection

Systemic

Inflammatory Sequential Quick Sequential

Response Syndrome  [Sepsis-related] Organ Failure Logistic Organ Dysfunction [Sepsis-related] Organ Failure
(SIRS) Criteria Assessment (SOFA) System (LODS) Assessment (qSOFA)

(Range, 0-4 Criteria) (Range, 0-24 Points) (Range, 0-22 Points)? (Range, 0-3 Points)
Respiratory rate, Pao,/Fio, ratio Pao,/Fio, ratio Respiratory rate, breaths
breaths per minute per minute

White blood cell Glasgow Coma Scale score Glasgow Coma Scale score Glasgow Coma Scale score
count, 10%/L

Bands, % Mean arterial pressure, mm Hg  Systolic blood pressure, mm Hg § Systolic blood pressure, mm Hg
Heart rate, beats Administration of vasopressors Heart rate, beats per minute

per minute with type/dose/rate of infusion

Temperature, °C

Arterial carbon
dioxide tension,
mm Hg

Serum creatinine, mg/dL,
or urine output, mL/d

Bilirubin, mg/dL

Platelet count, 10°/L

Serum creatinine, mg/dL

Bilirubin, mg/dL

Platelet count, 10°/L

White blood cell count, 10°/L
Urine output, L/d

Serum urea, mmol/L

Prothrombin time,
% of standard




ALTERED FAST RESPIRATORY LOW BLOOD
MENTAL STATUS RATE PRESSURE
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Score of 22 Criteria Suqqgests a Greater Risk of a Poor Outcome
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Oplopot pe Baon to Sepsis-3

ZAYPnN gival po anetAntikn ywa T {wn opyovIKr OVETIAPKELO TTOU TTPOKAAELTOLL
OLTtO TNV KN PUOULOHEVN amdvtnon tov {evioTth otn Aoipwén

KAwka : avénon tou deiktn SOFA katd dUo ) meploocotepouc Babuoug

Znrtkn KatanAnéia: urntokatnyopia onPng HE EKOECNUACUEVEG KUKAODOPLKEG,
KUTTOPLKEG Kal LeTaBoALKEC SUAELTOUPYLEC MOV oXeTi{OVTOL HE HEYAAUTEPN
Ovntotnta o€ oxéon Ke th ondn

KAwiKa: Avaykn yla LvOTpora PoKeLUEVOU va dtatnpnBel peéon aptnplakn
Tileon 265mmHg kat emimedoa yoAakTikoU 0E€0C 22 AIOUCLO UTTOOYKOLULOLG

JAMA. 2016;315(8):801-810. d0i:10.1001/jama.2016.0287
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MEDICAL PROGRESS

The Pathophysiology and Treatment of Sepsis

Richard 5. Hotchkiss, M.D., and Irene E. Karl, Ph.D.

Inflammatory
products

Anergy Anergy
(Th2) Antiinflammatory {Th2) Antiinflammatory
cytokines cytokines

(Th1) Inflammatory (Th1) Inflammatory
cytokines cytokines



KUTTOpOKLVEC

* MpodAeypovwdelg e AviipAeypovwdeLg
* IL-1b —IL-10
* TNF-a —IL-13
* IL-6 —IL-4
¢ IL-12 —STNFR-I
e IL-15 — STNFR-II
* IL-18 —IL-1ra
* IL-8 .  — TGF-b
e IFN-y

[ozu] B.opn



Sepsis Pathogenesis

Unbalanced Immune Reaction

/ —~

| Mediators of
Tissue Factor Inflammation

Procoagulant State / /

Microvascular

Thrombosis :
Vasodilation Capillary

Leak



Tissue hypoperfusion

Decreased anticoagulation

Increased coagulation

Endothelial cell

protein C

L .. ™
T PAI-1 == | Fibrinolysis

.‘ ..

. —— Thrombosis

L=

N

Vasodilatation
1 Blood pressure

1 Red-cell
deformability

[ Tissue hypoperfusnon

\/\f

1 Tissue oxygenation ]

Belease Of " Mrtochondrlal
mitochondrial - dysfunction
contents

LOSS Of barrierunction
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S1P1
1 S1P3 and
4 S1P1
4 Activated protein C 1 Angiopoietin 2

and 1 thrombin

Cell shrinka
1 VE cadherin and and cell dea
4 Tight junctions
- P ———
Capillary leak
and interstitial
edema
Loss of
barrier function

=

|| REVIEW ARTICLE ||

RITICAL CARE MEDICINE

!

Organ failure

Simon R. Finfer, M.D., and Jean-Louis Vincent, M.D., Ph.D., Editars

Severe Sepsis and Septic Shock
Derek C. Angus, M.D., M.P.H., and Tom van der Poll, M.D., Ph.D.
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Pathophysiology of microcirculatory dysfunction
and the pathogenesis of septic shock

Daniel De Backer*, Diego Orbegozo Cortes, Katia Donadello, and Jean-Louis Vincent
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Multiple Organ Dysfunction:
The Defining Syndrome of Sepsis

Markus T. Ziesmann and John C. Marshall

The Host
Response

The Consequences
of ICU Support



Sepsis and endotoxemia

Systemic vascdilatation
/— and acute renal failure _\

Increased distribution = s ; Altered Starling
of albumin Excess administration of fluid forces

\» Increased interstitial volume 4/

b

Pulmonary edema and tissue hypoxia
/ ‘\\ ‘ s)- ‘\
Mechanical ventilation.

. .. : [ S
A T 4 :

Barotrauma Infection Oxygen toxicity
S N
Acute respiratory <&~
: distress syndrome,/

.

Multiple-organ dysfunction syndrome

.

80-90% Mortality
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Number of failing organs

Vincent, J.-L., Sakr, Y., Sprung, C. L., Ranieri, V. M., Reinhart, K., Gerlach, H., Moreno, R., et al. (2006). Sepsis in European intensive care units: results of the SOAP study.
Critical Care Medicine, 34(2), 344-353.
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zu_}v{_ > Hospital Inpatient Enquiry: Crude Mortality for Inpatients
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“ce sur® Age Group, 2015
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Ovntotnta

Two of the most important factors affecting prognosis are organ failure and
age: Patients with sepsis generally die from multiple organ failure. Age is a
major factor, especially after age 65

Mortality by Organ Failure Age-related Mortality

w
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!
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N N
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I
0 1 2 3 4 5 15-24 25-44 45-64  >65
Number of Failing Organs Age

Mackenzie, I. et al. BMJ 335:929-932, 2007
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Yende S, lwashyna TJ, and Angus DC. Interplay between sepsis and chronic health Trends in
Molecular Medicine, 20, 4 , 2014.



Gommon Infections can lead to Sepsis

35%

Among adults with sepsis:

had a lung infection

(e.g., pneumonia)

had a urinary tract infection
(e.g., kidney infection)

had a type of gut infection

had a skin infection

SOURCE: CDC Vital Signs, August 2016.
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AvayvwpLoTE Ta ZNUELa Kol TA ZUUITWHOTO

Shivering, fever, Extreme pain Clammy
or very cold or discomfort or sweaty skin

Confusion _
or disorientation Short of breath High heart rate
SOURCE: CDC Vital Signs, August 2016.



Awtvwtn teAiwon - Mottling score

Mottling score
5

0 — No mottling

1 — Coin sized mottling area on
the knee.

2 — To the superior area of the
knee cap.

3 — Mottling up to the middle
thigh

4 — Mottling up to the fold of the
groin

5 — Severe mottling that extends
beyond the the groin.

SCORE 2 SCORE 4
Quelle: Ait-Oufella et al., Intensive Care Med 2011



Awatapayec opyavwv AOyw avenapkouc apdeuonc
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. Taxukapdia

Ymroétaon

TayoTmvola
PaO, <70 mm Hg .

Sa0, <90%

‘IkTEPOG
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TPT

OAlyoupia
Aioupnon <£0,5 ml/Kg/h
Avoupia

1 Kpearivivng
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Campaign X

Sepsis and septic shock are
medical emergencies and we
recommend that treatment and
resuscitation begin immediately.

Best Practice Statement

Societyof
Critical Care Medicine




Surviving Sepsis .
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We recommend the protocolized, quantitative
resuscitation of patients with sepsis- induced tissue
hypoperfusion. During the first 6 hours of
resuscitation, the goals of initial resuscitation should

include all of the following as a part of a treatment
protocol:

a) CVP 8-12 mm Hg
b) MAP 2 65 mm Hg

c) Urine output = 0.5 mL/kg/hr
d) Scvo2 2> 70%.

Societyof
Critical Care Medicine




Kevtpkr) OAeBkn
Nieon - CVP

Atrial contraction | | Tricuspid valve elevation into the right atrium

Downward movement of the contracting right ventricle

Back-pressure wave from blood filling the right atrium

Tricuspid valve opens in early
ventricular diastole

Pressure 2>

Contraction of the right ventricle

Time 2>
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AqPn Scv02 ko Sv02

Central venous Superior Aorta Pulmonary
oxyhemoglobin b o

saturation (ScvO,)
is measured here

Lef't
Mixed venous atrium
oxyhemoglobin
saturation LS;OZ) e
i ventricle
is measured here Right
ventricle

Inferior
vena cava

Septum

We tend to check ScVO,
rather than SvO,
because the latter
requires a PA catheter.



Kopeopoc Mewtol OAeBkou Apatoc - Sv02

Each circle is an organ. The top number is the
organ-specific SvO,% and the bottom number
is organ blood flow as a % of the total cardiac
output.

Mixed venous

Weighted
Organ V0, %€O  ontribution
Brain 75 20% 15
Heart 60 0.1 6
Liver 75 0.2 15
Gut 75 0.2 15
Kidney 90 0.1 9
Sk. Muscle 75 0.2 15

SVO, = 75%

U
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Early Goal-Directed Therapy

The New England Journal of Medicine

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

EmanueL Rivers, M.D., M.P.H., BeRyanT NGuyen, M.D., Suzanne HavsTtap, ML.A., JuuEe RessLER, B.S.,
ALEXANDRIA Muzzin, B.S., BERnHARD KnosLicH, M.D., Eowarp PeTersoN, PH.D., AnD MicHAEL TomLanovicH, M.D.,
FOR THE EARLY GoaAL-DIRECTED THERAPY COLLABORATIVE GROUP*

Rivers, E., Nguyen, B., Havstad, S., Ressler, J., Muzzin, A., Knoblich, B., Peterson, E., et al. (2001). Early goal-directed therapy in the treatment of severe sepsis and septic shock.
New England Journal of Medicine, 345(19), 1368-1377.



Early Goal-Directed Therapy

INCLUSION = SEPSIS AND [BP < 90 after fluid OR Lactate > 4]

Control Intervention EGDT
CVP 8-12 Fluids CVP 8-12
MAP > 65 Vasopressors MAP > 65
Transfusions %
Dobutamine e =AU
49% mortality 33% mortality

Rivers, E., Nguyen, B., Havstad, S., Ressler, J., Muzzin, A., Knoblich, B., Peterson, E., et al. (2001). Early goal-directed therapy in the treatment of severe sepsis and septic shock.
New England Journal of Medicine, 345(19), 1368-1377.



Enidpaon ano tnv apeon edpappoyn
TIPOTUTIOLNUEVWV CET EVEPYELWV

After EGDT
Before EGDT

Probability of Remaining Alive

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28

Survival Duration (Days)

Thiel, S. W., Asghar, M. F., Micek, S. T., Reichley, R. M., Doherty, J. A., & Kollef, M. H. (2009). Hospital-wide impact of a standardized order set for the management
of bacteremic severe sepsis*. Critical Care Medicine, 37(3), 819-824. doi:10.1097/CCM.0b013e318196206b
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Trial of Early, Goal-Directed Resuscitation
for Septic Shock

Paul R. Mouncey, M.Sc., Tiffany M. Osborn, M.D., G. Sarah Power, M.Sc.,
David A. Harrison, Ph.D., M. Zia Sadique, Ph.D., Richard D. Grieve, Ph.D.,
Rahi Jahan, B.A., Sheila E. Harvey, Ph.D., Derek Bell, M.D., Julian F. Bion, M.D.,
Timothy J. Coats, M.D., Mervyn Singer, M.D., J. Duncan Young, D.M.,
and Kathryn M. Rowan, Ph.D., for the ProMISe Trial Investigators*

ABSTRACT

3 Recent Large Randomized Control Trials:

Although advanced severe sepsis therapies (such as central line
placement, SVO2 goals, etc) did not show improved outcomes, all
were randomized after early recognition and standard therapies
including antibiotics and fluid resuscitation which are the goals of
UNC Code Sepsis



Surviving Sepsis—. A systematic review and meta-analysis of early
Campaigne" goal-directed therapy for septic shock:
the ARISE, ProCESS and ProMISe Investigators

A Primary mortality outcome of each study

Study Events, Events, %
ID OR (95% CI) EGDT control Weight
]
Rivers et al. (2001) 0 I 0.52 (0.31,0.86) 38/130 59/133 10.40
]
Jones et al. (2010) | O 1.47 (0.82, 2.60) 34/150 25/150 4.87
ProCESS Investigators (2014) _ 1.17 (0.88, 1.55) 92/439 167/902 21.78
|
ARISE Investigators (2014) + 0.98 (0.76, 1.26) 147/792 150/796  30.71
t
ProMISe Investigators (2015) + 1.02 (0.80, 1.30) 184/623 181/620 32.23
Overall (I-squared = 56.7%, p = 0.055) 1.01 (0.88, 1.16) 495/2134 582/2601 100.00
T T T
3 1 3
Favours EGDT Favours control

Intensive Care Med (2015) 41:1549-1560 Society of £
DOI 10.1007/s00134-015-3822-1 _Critical Care Medicine

T o Care Professionals




Surviving Sepsis .
Campaign e

TO BE COMPLETED
WITHIN 3 HOURS:

1) Measure lactate level.

2) Obtain blood cultures prior to
administration of antibiotics.

3) Administer broad spectrum antibiotics.

4) Administer 30 ml/kg crystalloid for
hypotension or lactate >4mmol/L.

“Time of presentation” is defined as

the time of triage in the emergency
department or, if presenting from another
care venue, from the earliest chart
annotation consistent with all elements of
severe sepsis or septic shock ascertained
through chart review.

BUNDLES

TO BE COMPLETED
WITHIN 6 HOURS:

9) Apply vasopressors (for
hypotension that does not respond
to initial fluid resuscitation) to
maintain a mean arterial pressure
(MAP) 265 mm Hg.

In the event of persistent
hypotension after initial fluid
administration (MAP <65 mm Hg)
or if initial lactate was >4 mmol/L,
re-assess volume status and
tissue perfusion and document
findings according to Table 1.

Re-measure lactate if initial lactate
elevated.




Surviving Sepsis .
e BUNDLES

TABLE 1
DOCUMENT REASSESSMENT OF VOLUME STATUS AND
TISSUE PERFUSION WITH:

EITHER:

 Repeat focused exam (after initial fluid resuscitation) including vital
signs, cardiopulmonary, capillary refill, pulse, and skin findings.

OR TWO OF THE FOLLOWING:
Measure CVP.
Measure ScvO?2.

Perform bedside cardiovascular ultrasound.

Perform dynamic assessment of fluid responsiveness with passive leg
raise or fluid challenge.

@2016 Society of Critical Care Medicine, European Society of Intensive Care Medicine.
www.survivingsepsis.org




Apxwn Xopriynon Yypwv

Campaign S

 We recommend that in the resuscitation from
sepsis-induced hypoperfusion, at least 30mli/kg
of intravenous crystalloid fluid be given within
the first 3 hours.

(Strong recommendation; low quality of evidence)

* We recommend that following initial fluid
resuscitation, additional fluids be guided by
frequent reassessment of hemodynamic status.

(Best Practice Statement)

Society of m - Eesicm
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: Xopnynon Yvpwv

il pnynan Yyp

 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 albumin in addition to
crystalloids when patients require substantial
amounts of crystalloids

(weak recommendation, low quality of evidence).

At ESC
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H xopriynon uypwv TTPRETTEI va OIQKOTTITETA!
oTav Ogv €ival TTIa 0QEAIUN

Fluid overload

. prolongs mechanical ventilation and

. increases the mortality of critically ill patients in general
and, more specifically, in patients with sepsis,

. acute respiratory distress syndrome (ARDS),
. intra-abdominal hypertension and

. acute kidney injury

Crit Care Med. 2011;39:259-65.
. aggravate lung and tissue edema Crit Care. 20L317:R246.

Crit Care Med. 2013;41:472-80.

Intensive Care Med. 2013;39:1190-206.



Xopriynan Yypwv kot @vntotnta

10

1

Hospital mortality, %

T T | T T T T | T
<7.5 15 22.5 30 37.5 45 52.5 60 67.5

Total fluid received prior to 8-hour repeat lactate test, by 7.5 mL/kg increments

Mean hospital mortality among patients with decreased lactate within 8 hours of index test, stratified by total fluid received in increments of 7.5 ml/kg
based on medication administration record. Annals ATS, 2013



Xopriynon Yypwv

Finding the middle for each patient requires combining
many variables: physical exam, straight leg raise, IVC
ultrasound, lactate, ScvO,, urine output, trial and error, etc.

Too little fluid Too much fluid

More organ injury  Worse edema
Higher mortality * Impaired oxygen
Vasopressor-induced diffusion

digital necrosis * Worse ARDS



Surviving Sepsis .
Campaign e’

We recommend an initial target mean arterial

pressure of 65 mmHg in patients with septic shock

requiring vasopressors.
(Strong recommendation; moderate quality of

evidence)

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

90

85+

T
IIIIII

8- |

75433

Mean Arterial Pressure (mm Hg)

lllll
4
;;;;;;

70

High-target group T T

Low-target group

T
2

T T T
3 4 5

Days

8

~
w
1

Low-target group

High-target group

Cumulative Survival (%)
] 3

o

T T
28 60

1
90

0
Day
No. at Risk
Low target 379 256 233 225
High target 375 249 227 219

Figure 2. Mean Arterial Pressure during the 5-Day Study Period.

Figure 3. Kaplan—Meier Curves for Cumulative Survival.

DOI: 10.1056/NEJMoal312173

Copyright © 2014 Massachusetts Medical Society. |
-

Societyof
Critical Care Medicine

e A -

W EAOP




Campaign X Awayvwaon

1. We recommend that appropriate routine
microbiologic cultures (including blood) be
obtained before starting antimicrobial
therapy in patients with suspected sepsis
and septic shock if doing so results in no
substantial delay in the start of

antimicrobials. (BPS)
— Remarks: Appropriate routine microbiologic

cultures always include at least two sets of
blood cultures (aerobic and anaerobic).

Societyof
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Campaign o AvtiBlotikr Ospaneia

* We recommend that administration of IV
antimicrobials be initiated as soon as possible
after recognition and within 1 h for both sepsis
and septic shock.

(strong recommendation, moderate quality of
evidence).

* We recommend empiric broad-spectrum therapy
with one or more antimicrobials to cover all likely
pathogens.

(strong recommendation, moderate quality of
evidence).

Societyo | alf< ESICM
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NEse, H gykalpn xoprnynon avtiBLOTIKWV UELWVEL

@ )\J{_ n
. ..)h{. v rmBavotnta Bavatov

4/VCES\.)?‘
e Sepsis is a time-dependent medical emergency

* Mortality increases by 7.6% for each hour delay to
appropriate antibiotics (Kumar CCM 2006)



H gykaipn xopnynon avtiBLoTiKwy PELWVEL
v rmBavotnta Bavartou

Time from sepsis recognition to antibiotics administration

160
140 | MI“

M Dead
120

Frequency
g 8

s

1hr 1-2hrs 2-3hrs 3dhrs 4-5hrs S58hrs 6B hrs >10 hrs
Maortality 27% 38% 36% 38% 60% 100% 0%

Gaieski DF, Mikkelsen ME, Band RA, et al. Impact of time to antibiotics on survival
in patients with severe sepsis or septic shock in whom early goal-directed
therapy was initiated in the emergency department*. Critical Care Medicine
2010;38(4):1045-53.
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H gykaipn xopnynon avtiBLOTIKWY PELWVEL
v rmBavotnta Bavatou

Median

Odds ratio
for death

Gaieski
CCM 2010; 38;1045-
53

Daniels
Emerg Med J 2010;
doi:10.1136

Kumar
CCM 2006; 34(6):
1589-1596

Appelboam
CCM 2010; 14(Suppl
1):50

Levy
CCM 2010; 38(2): 1-8

261

567

2154

375

15022

ED, USA
(shock)

Whole hospital,
UK

ED, Canada
(shock)

Whole hospital,
UK

Multi-centre

time (mins)
119

121

360

240

0.30

(1st hour vs all times)

0.62

(15t hour vs all times)

0.59
(25t 3 hours vs
delayed)

0.74
(2% 3 hours vs
delayed)

0.86
(2%t 3 hours vs
delayed)



Campaign o AvtiBlotikr Ospaneia

* We suggest empiric combination therapy
(using at least two antibiotics of different
antimicrobial classes) aimed at the most
likely bacterial pathogen(s) for the initial
management of septic shock.

— (Weak recommendation; low quality of
evidence)

Societyof
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pnyopn ermiAoyn kataAAnAou
AVTLBLOTIKOU OXNHATOG

Early, broad-spectrum antibiotics are absolutely critical. Failure to treat up front
with the right antibiotics increases mortality by 10-20 percentage points.

707 (] Appropriate
— 607 Bl Inappropriate
&\— 50_
£
_'Tg 40-
s 30-
= 20 -
10-
O 1 | 1 N 1 1 1
N\ AN AN > AN A \-
& & & & & & 0
it & P N & X &
%’b @\ \g(\’b Qo (9@ ’b&QJ Q/o
o N o)
A

Morell MR et al. The Management of Severe Sepsis and Septic Shock
Infectious Disease Clinics of North America 23 (3): 485-501, 2009



Source Initial Antibiotic Choice
Carbapenem (imipanemicilastin 500 mg IV every 6 h) m
Or

LVALCTLU R I | 11, o fourih-generation csphalosporin (osftazidime 1 g IV svery & h) [ Solvetan |
Or

Anti-pesudomonal extsndsd-apectrum penicillin (piperacilintazobactam 3.375 g IV every 6 h) [N

Bsta-lactam (caftriaons 1 g IV evary 12 hr

Mveupovia Pz

Kowétntag Reapiratory quinolans (maxifloxacin 400 mg IV svery 24 h) (ISR
Or

Macrolide (azithromycin 500 mg IV every 24 hours) W

For panicillin-allergic patisnts:

Aeeonam 129 every 121 (TR

Flus

Respiratory quinclons (moxfloxacn 400 mg IV every 24 h) m
NOO'OKO[.lElaKr'] Tmﬂmm cephalosporin (esttazidime 1 g IV every 8 h) m
Mveupovia n Carbapenem (imipenemicilastin 500 mg IV every 6 h) (I oD
Mvevpovia tov |
Avarnveuotipa

Anti-peaudomonal extended-apectrum penicillin (piperacllintazobactam 3.375 g |V evary & hr
Plus=

Anti-pesudomonal flucroquinolone (levofloxacin 750 mg IV every 12 k)
Or

Aminoglycosids jamikacin 7.5 mgfkg IV every 12 1) (LALLM
Anti-pesudomonal extended-apectrum penicillin (piperacillintazobactam 3.375 g [V ewvery & hr
Ouponotntiko Or

Carbapsnem (imipenemicilastin 500 mg IV
1 Meronem
EvéokolAlakn Garbapsnem (meropensm 1.g IV every 8 h)

Or
il’]lIJI'] Tigecyciine 50 mg IV every 12 h after a 100 mg initial dose Tygacil

Mahakd Mépia / Aéppa Anti-peeudomonal extendsd-spectrum penicillin (piperaciliniazobactam 3.375 g IV every & h) [ D

Glycopepiide (vancomycin 1 g IV every 12 hj
Or

YynAn avtoyxn os
e TR YN | Cxazcliinans finezoiid 600 mg IV svery 12 M Zyvoxid |

Noipwén anod Azols (fuconazols 400 mg IV every 24 h)
. Or
Muknteg Echinocandina (caspofungin 70 mag IV on day 1, then 50 mg IV every 24 1) [ LD




Aoocogaptwpueva Kal

Xpovoetaptwpeva Avtiflotika

Free Concentration (p/ml.)

(']'I.'Iﬂi'i.

FAUC/MIC

-Jlr.{“:'l'l'lil "i'll rl'rll[ I{:

————— N —— — — — —————
JTime/MIC

Time (h)



AocosCapTwPEVA Kal
XpovoecapTwueva AvTIBIOTIKA

Higher peak blood levels in relation to
pathogen MIC

fluoroquinolones, aminoglycosides,
vancomycin

® Once-daily dosing

® equivalent dose in impaired renal
function !!

® |oading dose of 25-30 mg/kg (based
on actual body weight)—> trough
target of 15-20 mg/L

Longer duration of plasma
concentration above the pathogen
MIC

B-lactams

® |oading dose (not affected by
alterations of renal function)/rapid
infusion !!

®* T > MIC (60%-100%)/extended
infusion !!



Xpnion akataAAnAwv avtiBLoTikwv
odnyel oe BeparmnevTtikn arnotvyia

Wild-type
population

@ = susceptible bacteria
@ = resistant mutant

Deleterious effect over susceptible

>
population and resistant subpopulation

- MPC

g ] ¥

= ®
S Mutant Selection of resistant ®o®
= selection - i > O .0‘
= 1 | i n .
5 window subpopulatio .\ o
- ]

(&)

Time (hours)

Inappropriate use of antibiotics in hospitals: the complex relationship between antibiotic use and antimicrobial
resistance. Canton R, et al. Enferm Infecc Microbiol Clin. 2013 Sep;31 Suppl 4:3-11



OL acBeveic pe anPn €xouv SLAPOPETIKEC
OUYKEVTPWOELC QVTLBLOTIKWVY OTO MAQouQ

r 3
Critical iliness
T T h ; r
Hyperdynamic Altered fluid balance Mo organ dysfunction Renal or hepatic Organ support
Increased cardiac output 3 spacing or altered dysfunction, or both RRT, or ECMO, or both
protein binding, or bath

Increased clearance Increased volume Unchanged volume of Increased volume of Increased volume of

of distribution distribution and clearance distribution and distribution and possible
decreased clearance increased clearance
3 L k. L.
Decreased plasma Decreased plasma Normal plasma Increased plasma Increased or decreased
concentrations concentrations concentrations concentrations plasma concentrations

Figure 1 Pathophysiological changes commonly observed in critically ill patients and their effects on drug concentrations. Reproduced
with permission from Elsevier Limited [75). ECMO, extracorporeal membrane oxygenation; RRT, renal replacement therapy.

/




Campaign:‘ AvtiukpoBLakn Oepamneia

We recommend that empiric antimicrobial therapy be
narrowed once pathogen identification and sensitivities are
established and/or adequate clinical improvement is noted.
= (BPS)
We suggest that an antimicrobial treatment duration of 7-10
days is adequate for most serious infections associated with
sepsis and septic shock.
= (Weak recommendation; low quality of evidence)

We recommend daily assessment for de-escalation of
antimicrobial therapy in patients with sepsis and septic
shock.

= (BPS)
We suggest that measurement of procalcitonin levels can be
used to support shortening the duration of antimicrobial
therapy in sepsis patients.

= (Weak recommendation; low quality of evidence)

Societyof
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Campaign'} EAEYXOC ONITTLKAC E0TLOG

* We recommend that a specific anatomic
diagnosis of infection requiring emergent
source control be identified or excluded as
rapidly as possible in patients with sepsis
or septic shock, and that any required
source control intervention be
implemented as soon as medically and
logistically practical after the diagnosis is
made.

(Best Practice Statement).

Societyof
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Ta avtiBlotka dev pmopovv va dtelcdvoouyv oe
LLN-TIOLPOXETEV LEVA ATTOOT AT

This means EARLY involvement of procedural and surgical
colleagues for adequate source control:

— E.g. inserting chest tubes for empyemas, biliary tubes for biliary
obstructions, nephrostomy tubes for obstructing kidney stones, joint
wash-out for septic arthritis, ex-laps for bowel perfs, etc.

One caveat — patients much be stabilized for these procedures,
which means they need to be fluid resuscitated first .

It is also common for patients to transiently worsen following
source control procedure (classically drainage of liver abscess) due
to “stirring up infection”. Anticipate this and stay on top of it with
fluids and vasopressors!

Consider inadequate source control in a patient who fails to
improve with fluids and antibiotics alone




‘EAEYX0OC ONTTTIKNC £0TLAC

e [lapoxeteuon
¢ Evd0o-KolALakoU amooTaTOC
¢ Epmunuatoc Bwpaka
¢ ZnmTikng apBpltdoc
¢ Epmunpotoc vedpou
O XoAayyetitidag

e XelpOUPYIKOC KAUOPLOUOC VEKPWTLKWV ECTIWV
O NekpwTLKNC amoveupitdog
O NekpwTLKNC raykpeatitidog
O EvteplkoU epdpakTou
O MeocoBwpakitidag



‘EAEYXOC ONMTLKNC E0TLAC

e Apaipeon CUCKEUWYV
O Ayyelokol kaBetnpec
O OupoKkaBeTnpEC
O Evbotpayelakol CWANVEC ATIOLKIOMEVOL
O EVOOUNTPLEC OUCKEVEC ETILMOAUCUEVEC

e OpLOTIKN QVTIUETWITLON
O EKTOUN EVIEPOU O€ EKKOATIWHATITIO
O XoAoKUOTEKTOUN VLA yayypolvwon
XoAokuoTtitida
O AKPpWTNPLOLCUOC AKPOU AOYW
LLUOVEKPWONC aro KAwotnpidLo



Campaigns  AYYELOOUOTIOLOTLKA.

e We recommend norepinephrine as the first
choice vasopressor

(strong recommendation, moderate quality of
evidence).

* We suggest adding either vasopressin (up to 0.03
U/min) or epinephrine to norepinephrine with
the intent of raising MAP to target, or adding
vasopressin (up to 0.03 U/min) to decrease
norepinephrine dosage.

(weak recommendation, low quality of evidence)

| alf< ESICM
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« Can be used in anaphylactic
shock

systemic vascular resistance
(SVR)

Pressor Indications Advantages Disadvantages
Dopamine * Dopamine is FDA indicated | « Effective at multiple * “Dopaminergic” doses may improve
for all forms of shock and for | receptors urine output but do not improve renal
treatment of decreased + Graded, dose-dependent function and generally are not helpful
cardiac output receptor activity (not all or in addressing hypotension
* Poor cardiac function with nothing) * May be arrhythmogenic at higher
poor perfusion « Titrate to patient specific “alpha” doses
* Post arrest hypotension/ responses and * High doses may compromise urine
myocardial stunning hemodynamic monitoring output (consider using with
dobutamine)
Norepinephrine | * Septic shock due to low SVR | Excellent at increasing Increased risk of dysrhythmias and

myocardial ischemia; increased oxygen
consumption; may decrease intestinal
perfusion and increase lactate levels

Innotrex
Dobutan

*» Best if used when there are
signs/symptoms of shock
without severe hypotension
(< 90 mmHg)

* Good for congestive heart
failure without hypotension

Phenylephrine | FDA indicated for use in Good choice if No effect on cardiac output
hypotension tachycardia/arrhythmia
limiting use
Dobutamine » FDA indicated for decreased | * Inotropic agent: increases | Can decrease SVR; may provoke
cardiac output and CHF cardiac output hypotension. Potential solution: add

dopamine or epinephrine to increase
SVR OR consider switching to another
class of inotropic agents, such as
phosphodiesterase inhibitor (e.g.,
inamrinone and milrinone)

Epinephrine

Adrenaline

* FDA indicated for use in
anaphylactic shock

* Intravenous form is FDA
indicated for cardiac arrest

Does not require volume
resuscitation prior to use (for
the purely anaphylactic
cause of shock)

Increased risk of dysrhythmias and
myocardial ischemia

Vasopressin

Consider in septic shock
refractory to volume expansion
and first line catecholamines

May decrease amount of
other vasopressors needed

* Not a first line agent

* Delayed onset of action

* Its use in septic shock and for cardiac
arrest are off-label




Vasopressor Use for Adult Septic Shock
(with guidance for steroid administration)

Initiate norepinephrine (NE) and titrate up to 35-90 pg/min
to achieve MAP target 65 mm Hg

¥ ¥

MAP target MAP target not achieved

achieved and judged
poorly responsive to NE

et b

Add vasopressin up to

Continue norepinephrine alone or 0.03 units/min to achieve
add vasopressin 0.03 units/min MAP target™
with anticipation of decreasing g

norepinephrine dose ‘ ‘

MAP target MAP target
achieved not achieved

¥

Add epinephrine up to
20-50 pg/min to achieve MAP
target**

* Consider |V steroid administration
** Administer IV steroids
*#% SSC guidelines are silent on phenylephrine

Notes: . ¥

= Consider dopamine as niche vasopressor in the presence of sinus bradycardia.

MAP target MAP target
= Consider phenylephrine when serious tachyarrhythmias occur with norepinephrine or epinephrine. achieved not achieved
* Evidence based medicine does not allow the firm establishment of upper dose ranges of ’
norepinephrine, epinephrine and phenylephrine and the dose ranges expressed in this figure are
based on the authors interpretation of the literature that does exist and personal Add phenylephrine up to
preference/experience. Maximum doses in any individual patient should be considered based on 200-300 pg/min to
physiologic response and side effects. achieve MAP target®**

Figure 3. This figure demonstrates how the guideline recommendations on vasopressor and steroid use can be molded into a flow diagram approach to



Campaigns AV TO 00K &ev BeAtuwvetal apeoa

* We recommend further hemodynamic
assessment (such as assessing cardiac function)
to determine the type of shock if the clinical
examination does not lead to a clear diagnosis.

(Best Practice Statement)

* We suggest that dynamic over static variables be
used to predict fluid responsiveness, where
available.

(Weak recommendation; low quality of evidence)

Societyof
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Surviving Sepsis~, Tt €Tineda MaAaktwou O§Eog propouv
Campaign ey, kaBOSNYAGOLV TNV XOPHRYNTN UYPWV

 We suggest guiding resuscitation to normalize
lactate in patients with elevated lactate levels as
a marker of tissue hypoperfusion.

(Weak recommendation; low quality of evidence)

Lactate Guided Standard Risk Ratio Risk Ratio

Study or Subgroup Events Total Events Total Weight IV, Random, 95% Cl Year IV, Random, 95% ClI
lansen, 2010 20 &8 30 B7 24.49% 066 [0.42, 1.0Z] 2010 —
Jones, 2010 25 150 24 150 23 8% 074 (046, 1.17] 2010 —&
Tian, 2012 14 43 12 19  16.9% 052 [0.20, 0.89] 2012 —a—
YU, 2013 5 25 7 25 5. 1% 071 (026, 1.95] 2013 E———
Ly 2015 20 50 28 500 29.2% 071 (047, 1.03] 2015 —
Total (95% CI) 336 311 100.0% 0.67 [0.53, 0.84] ’
Total ewvents B4 111

: 2 _ ki - - T [ | I !
Heterogeneity: Tau - Q.00 Chi 1.14, df = 4 (P = 0.89); | 0% o1 o1 T 1o 100
Test for owverall effect; 2 = 3.51 (P = 0.0004) Lactate Guided EGDT
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Koptwkoatepoeldn

1. We suggest against using intravenous
hydrocortisone to treat septic shock
patients if adequate fluid resuscitation and
vasopressor therapy are able to restore
hemodynamic stability. If this is not

| achievable, we suggest intravenous
I hydrocortisone at a dose of 200 mg per day.

(Weak recommendation; low quality of evidence)

Society of
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Campaign:‘ EAgyx0C Zakxapou Alpnatoc

1. We recommend a protocolized approach to blood
glucose management in ICU patients with sepsis,
commencing insulin dosing when 2 consecutive blood
glucose levels are >180 mg/dL. This approach should
target an upper blood glucose level <180 mg/dL rather
than an upper target blood glucose <110 mg/dL.
(Strong recommendation; high quality of evidence)

2. We recommend that blood glucose values be
monitored every 1 to 2 hrs until glucose values and
insulin infusion rates are stable, then every 4 hrs
thereafter in patients receiving insulin infusions. (BPS)

Societyof
Critical Care Medicine
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Campaign:‘ EAgyx0C Zakxapou Alpnatoc

3. We recommend that glucose levels obtained with
point-of-care testing of capillary blood be interpreted
with caution, as such measurements may not
accurately estimate arterial blood or plasma glucose
values. (BPS)

4. We suggest the use of arterial blood rather than
capillary blood for point of care testing using glucose
meters if patients have arterial catheters. (Weak
recommendation; low quality of evidence)

Societyof
Critical Care Medicine
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MnXoviKOC AEPLOLOG

e We suggest using lower tidal volumes over
higher tidal volumes in adult patients with
sepsis-induced respiratory failure without
ARDS.

—(Weak recommendation; low quality of
evidence)




Surviving Sep'sis--..
Campaign e Oeparnela VE(prKI"]q urokataotaonc

* We suggest against the use of renal
replacement therapy in patients with
sepsis and acute kidney injury for increase
in creatinine or oliguria without other
definitive indications for dialysis.

— (Weak recommendation; low quality of
evidence)

Societyof
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Npwwun vs OYPun evapén veppikng
urokataotaonc o€ acgBeveic ue ondn

1.0+
0.9
0.84
0.7
0.6
0.5+
0.4+
0.34
0.24
0.1

0.0 T T T T T T T 1
0 7 14 21 28 35 42 49 56 60

Days

S Early strategy

Delayed strategy

Proportion Surviving

P=0.79

No. at Risk
Early strategy 311 241 207 194 179 172 167 161 158157
Delayed strategy 308 239 204 191 178 165 161 156 156155

N Engl J Med 2016; 375:122-133



Campaign S OpeYn

* We recommend against the administration of
early parenteral nutrition alone or parenteral
nutrition in combination with enteral
feedings (but rather initiate early enteral
nutrition) in critically ill patients with sepsis
or septic shock who can be fed enterally.
(Strong recommendation; moderate quality
of evidence)

Societyof
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Campaign X OpeYn

 We recommend against the administration of
parenteral nutrition alone or in combination
with enteral feeds (but rather to initiate IV
glucose and advance enteral feeds as
tolerated) over the first 7 days in critically ill
patients with sepsis or septic shock in whom
early enteral feeding is not feasible. (Strong
recommendation; moderate quality of
evidence).
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Ta mpoBAnuata twv acOevwv pe onPn dev teAsLwvouV

Possible post-sepsis symptoms are:

_Neuromuscular weakness

_Chronic pain

__Post-traumatic stress disorder
_Cognitive impairment

_Depression

LE TNV €€060 amno tnv MEG

Incidence of post-traumatic stress disorder’

Rape 55,5%

Intensive
care unit
SUrvivors

War 38,8%

Fire/Natural
disasters
4,5%
I

Sepsis accounts for 50-60 % of ICU cases.'

1_Kessler RC, Sonnega A, Bromet E, et al.: Posttraumatic stress disorder in the National Comorbidity Survey. Arch Gen Psychiatry, 52: 1048—
60, 1995. // Davydow DS, Gifford JM, Desai SV, et al.: Posttraumatic stress disorder in general intensive care unit survivors: a systematic
review. Gen Hosp Psychiatry, 30: 421-434, 2008.

Other symptoms
can include:

Sleep
disturbance,
including
insomnia
Extreme
tiredness and
fatigue
Inability to
concentrate
Loss of

confidence and
self-belief
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