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Sepsis-Septic Shock

Septic Syndrome

1989, Roger C Bone, Infection Systemic Response

1992, Consensus: Am College of ChestPhysicians/SCCM
(ADULTS)
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Sepsis-Septic Shock

International pediatric sepsis consensus conference:
Defnitions for sepsis and organ dysfunction in pediatrics™

PRESENT.....

Brahm Goldstein, MD; Brett Giroir, MD; Adrienne Randolph, MD; and the Members of the
International Consensus Gonference on Pediatric Sepsis Pediatr Crit Care Med 2005 Vol. 6, No. 1

2002, International pediatric sepsis consensus
(Texas) and

2004, International forum of Sepsis in Infants and
Children

Definitions to:

.."unifing criteria for observational studies,
also to evaluate the therapeutic interventions in

clinical studies.”
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Sepsis-Septic Shock

DESPITE.....

Understand the pathophysiology
|mproved managements:
Incidence is increasing

High mortality rates
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Sepsis-Septic Shock -
)T\.’.l'f:;':?.FP.'I-‘T"
International pediatric sepsis consensus conference:
D E F I N IT I O N S Delnitions for sepsis and organ dysfunction in pediatrics™®

Orahm Goldsten, MC; Drefl Giezir, MD; Adriecns Ra-delph, MO: and the Members o the
Inte-~atanal Censcreuz Ca-fercnce on Pod afnc Scpsis

SIRS®
The presence of at least two of the following four criteria, one of which must be abnormal temperature or leukocyte count:

® Core® temperature of =38.5°C or <36°C.

® Tachycardia, defined as a mean heart rate =2 sp above normal for age in the absence of external stimulus, chronic drugs, or painful stimuli; or
otherwise unexplained persistent elevation over a 0.5- to 4-hr time period OR for children <1 yr old: bradycardia, defined as a mean heart rate
<10th percentile for age in the absence of external vagal stimulus, B-blocker drugs, or congenital heart disease; or otherwise unexplained
persistent depression over a 0.5-hr time period.

® Mean respiratory rate =2 sp above normal for age or mechanical ventilation for an acute process not related to underlying neuromuscular
disease or the receipt of general anesthesia.

® Leukocyte count elevated or depressed for age (not secondary to chemotherapy-induced leukopenia) or =10% immature neutrophils.

Infection
A suspected or proven (by positive culture, tissue stain, or polymerase chain reaction test) infection caused by any pathogen OR a clinical syndrome
associated with a high probability of infection. Evidence of infection includes positive findings on clinical exam, imaging, or laboratory tests (e.g.,
white blood cells in a normally sterile body fluid, perforated viscus, chest radiograph consistent with pneumonia, petechial or purpuric rash, or
purpura fulminans)

Sepsis
SIRS in the presence of or as a result of suspected or proven infection.

Severe sepsis
Sepsis plus one of the following: cardiovascular organ dysfunction OR acute respiratory distress syndrome OR two or more other organ
dysfunctions. Organ dysfunctions are defined in Table 4.

Septic shock
Sepsis and cardiovascular organ dysfunction as defined in Table 4.

Heart Rate, Beats/Min®*

Respiratory Rate, Leukocyte Count, Systolic Blood

Age Group® Tachycardia Bradycardia Breaths/Min® Leukocytes > 10%/mm>*< Fressure, mm Hg!
0 days to 1 wk =180 <100 =50 =34 <H5
1wktol ma =18( < 1M} =4 =195 or <h <Th
1 moto 1yr =180 =40 =34 =175 0r <5 <100
2-3 yrs =140 NA =22 =15.5 or <26 <204
6-12 yrs =130 NA =18 =13.5 or <45 =105
13 to =18 yrs =110 NA =14 =11 or <45 <117
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Sepsis-Septic Shock

International pediatric sepsis consensus conference:

D E F I N IT I O N S Defmitions [or sepsis and organ dyslunction in pediatrics®

Orahm Goldsten, MC; Drefl Giezir, MD; Adriecns Ra-delph, MO: and the Members o the
Inte-matanal Conscreus Co-ferance on Pod atne Scpsis

Cardiovascular dysfunction
Despite administration of isotonic intravenous fluid bolus =40 mLkg in 1 hr
® Decrease in BP (hypotension) <-5th percentile for age or systolic BP <2 sD below normal for age®
OR

® Need for vasoactive drug to maintain EP in normal range (dopamine =5 pg/'kd/min or dobutamine, epinephrine, or norepinephrine at any dose

e Two of the following
Unexplained metabolic acidosis: hase deficit =5.0 mEqg/L
Increased arterial lactate =2 times upper limit of normal
Oliguria: urine output <0.5 mL/kg/hr
Prolonged capillary refill: =5 secs
Core to peripheral temperature gap =3°C

Respiratory®
® Pao,/Fio, <300 in absence of cyanotic heart disease or preexisting lung disease
OR
® Paco, =65 torr or 20 mm Hg over baseline Paco,
OR
® Proven need” or >50% FIo, to maintain saturation =9%2%
OR
® Need for nonelective invasive or noninvasive mechanical ventilation®
Neurologic
® Glasgow Coma Score =11 (57)
OR
e Acute change in mental status with a decrease in Glasgow Coma Score =3 points from abnormal baseline

Hematologic
e Platelet count <80,000/mm® or a decline of 50% in platelet count from highest value recorded over the past 3 days (for chronic

hematology/oncology patients)

OR
® International normalized ratio =2
Renal
® Serum creatinine =2 times upper limit of normal for age or 2-fold increase in baseline creatinine
Hepatic
® Total bilirubin =4 mg/dL (not applicable for newborn)
OR

® ALT 2 times upper limit of normal for age
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Sepsis-Septic Shock
DEFINITIONS

: Severe Septic
Infection SIRS sepsis shgck

—_—_—— —

—_— N — e

Mitochondrial

Dysfunction
Organ

Dysfunction Microvascular
1 Coagulation/
Thrombosis

Multiple Organ
Failure

!

Death
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Sepsis-Septic Shock

MORTALITY DECREMENT IN PEDIATRIC
SEPTIC SHOCK

Mortality

University of NCMC 1985 USA 1999 CNMC 1991 St Mary's
Minnesota 1986 England 2000
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Sepsis-Septic Shock

MORTALITY

1997: Hospital St Mary, London

Meningococcemia

Study: begin with volume resucitation (aloumin)
+ Start periferic inotropic before translate

Mortality: 22.5% to 2.5%
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Sepsis-Septic Shock

HIGH MORTALITY

More than one third of the patients ares admited
from Emergency Room
The intensive resucitation must begin wherever

the patient is (in ED)
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CHOQUE HIPOVOLEMICO

it rbeai i

DIRECTED THERAPY TREATMENT

Rivers E, Nguyen B, Havstad S, cols: Early gold directed
therapy in the treatment of severe sepsis and septic shock
N Engl J Med 2001, 345:1368-1377

Early guided treatment
263 Adult patients
Before ICU entrance
SvO2

Persitent shock
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CHOQUE HIPOVOLEMICO

Randomization
N=263
SV, lab, SO2
UO, arterial line

Central line

Hezp—a TorarmL o Mo
P T

Eatarina ]
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*CVP v

*MAP
*MAP

*GU
«UO

*UO

6.3hrs *Sv02

Hosptial
Admissio

A 4 \ 4

Not finished Not finished
(n=14) (n=13)
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CHOQUE HIPOVOLEMICO
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CHOQUE HIPOVOLEMICO

Basal Hrs
0 6 0-6 7-22
Hcart rate (beats/min)
Standard therapy 11427 105=25 108£23 9918
EGDT 11731 10319 10519 96+18
T value 0.45 0.12 0.25 0.04
Cenrral venous pressure
{(mm Hg)
Standard therapy 6177 11.8%£68 105%6.8 11.6x6.1
EGDT 9:3L9.3 13844 117+51 119%56
I’ value 0.57 0.007 0.22 0.68
Mean arterial pressure
{mm Hg)
Standard therapy 7624 81x18 81*1e6 80x15
74127 95+19 88x16 87*15
0.60 < (.001 = (.001 =0.001

Central venous oxyveen
saturation (%)

Standard therapy 4902+13.3 66.0x155 654x142 65.3%11.

EGDT 486112 7732100 71.6x102 70410

b :: 0.49 =0.001 = (.001 -20.001
Lactare {mmol/liter)

Srandard therapy 6.9+x4.5 49+47 5942 3.9+44

EGDT 77247 43+472 5.5%+4.2 3.0x44

P value 0.17 0.01 0.62 0.02
Base deficit {mmol /liter)

Standard therapy 8.9 3.0=6.4 8.6x6.0 h.1£6.7

EGDT 89=x8.1 4.7+58 6.7X0.6 2.0x6.0

P value 0.81 <0.001 0.006 <0.001
Arterial pIl

Standard therapy 7.32+019 7.31*0.15 7.31x0.12 7.36x0.12

EGDT 7.31x0.17 7.35+0.11 7.3320.13 7.40%0.12

P value 0.40 =0.001 0.26 <0.001
APACHE II score

Standard therapy 20474 17.6%6.2 — 15.9x6.4

EGDT 21.4+6.9 16.0£6.9 — 13.0£6.3

P value 0.27 =0.001 =0.001
SAPS I

Standard therapy 48.8+111 455+123 = 42.6+115

EGDT 51.2+11.1 42.1%13.2 — 36.9x11.3

0.08 =0.001 <(0.001

Rivers E, N Engl J Med 2001, 345:1368

Basal Hrs
0] 6 0-6 7-22
MODS
Standard therapy 7.3%3.1 6.8+53.7 - 6,440
EGDT 7.6x31 5937 — 51x*39
I value 0.44 =0.001 =0.001
CMATOCTIE [ )
Standard therapy  34.7+8.5 320169 — 30141
EGDT 34.6+8.3 33.3x4.8 — 32142
P value 091 0.03 =0.001
Prothrombin time
[sec)
Standard therapy 16.5£6.3 17.5x8.1 — 17.3%6.1
EGDT 15.8=5.0 16.0*+3.6 —  15.4*6.1
I value 0.17 0.02 0.001
Partial-thromboplas-
tin time (sec)
Standard therapy 3292120 37.6x21.0 —  37.0x14.2
EGDT 333204 32.6x8.7 — 340xl4l
P valuc 0.17 0.01 0.06
Fibrinogen {mg,/dl}
Standard therapy 361£198 319x142 —. 353 *+]34
EGDT 370209 300157 — 342x134
P value 0,51 0.01 0.21
Fibrin-split products
(pg/dl)
Standard therapy 390+x616 549+840 -— 62.0x71.4
EGDT 44 8+71.3 45.8+66.0 —  392x71.2
P value 0.76 0.13 =0.001
D-Dimer {pg/mi)
Standard therapy 366845 548+11.95 — 5.6529.06
EGDT 4461070 398941 —  334x9.02
P value 071 0.05 0.006
Platelet count
{per mm?)
Standard therapy 205,000+ 164,000 — 144000
110,000 84,000 84,000
EGDT 220,000t 156,000% . 139.000=
135,000 90,000 82,000
I value 0.65 0.001 051
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CHOQUE HIPOVOLEMICO

it rbeai i

DIRECTED THERAPY TREATMENT

Conventional Guided
Mortality 59 (46.5%) 38 (30.5%) p=0.009
Volume 3499ml| 4981 ml

Early identification

Rivers E, N Engl J Med 2001, 345:1368 vol/utiphim



Sepsis-Septic Shock

ACCM GUIDELINES

Clinical practice parameters for hemodynamic support of pediatric
and neonatal patients in septic shocl*

Joseph A Carcillo, MI); Alan | Helds, MID; Task Force Caommiftae Members

Crit Care Med 2002 Vol. 30, No. €

>30 Clinical investigators

Subcomitees

MEDLINE: (1 year)
Sepsis, septicemic, septic shock
endotoxemia, HAPP, ON, ECMO

4 Controled studies in children
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Sepsis-Septic Shock
SEPTIC SHOCK

Microvascular
endothelial
cell injury

I N e

Malignant intravascular inflammation

—

Complement Platelet Neutrophil  Cytokines monocyte
activation aggregation activation production

Vasoactive substances Increased microvascular permeability
Expresion of adhesion molecules — Fluid loses
Production of inflammatory mediators Edema

HYPOTENSION

Vasodilatation (NO)
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Sepsis-Septic Shock

Clinical practice parameters for hemodvnamic support of pediatric
and neonatal patients in septic shock®

A‘ ( M G l ' I D E L I N ES JozEph & Garclile, MO0; kan . Neds, MU; Task Torce Conmithes Kembers

Fever, tachicardia, vasodilation

Low urinary flow (< 1mi/kg/hr)

Decreased perfusion (me

Cold ¢
Capillary refill >
Pulses lo

Skin mo
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Sepsis-Septic Shock

Clinical practice parameters for hemodvnamic support of pediatric
and neonatal patients in septic shock®

AC C M G U I D E L I N E S Uneeph A carilli, MU Afn . e ds, MU; Task [orce Commities Wenbers

GOALS

Keep good perfussion pressure
Supranormal parameters = worst outcome

Intraabdominal pressure

Abdominal perfussion pressure
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Sepsis-Septic Shock
ACCM GUIDELINES il s e b a1

JozEph & Garclile, MO0; kan . Neds, MU; Task Torce Conmithes Kembers

GOALS

Clinical Parameters

HR, RR, CR, Temp, color of the extremities,

pulse, urinary output, mental status
Blood pressure
Central venous pressure
Mixed venous saturation
Intraabdominal pressure
Cardiac output
Ecocardiografy, tonometry,
Femoral termodilucion (PICCO)
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Sepsis-Septic Shock
ACCM GUIDELINES il s e b a1

JozEph & Garclile, MO0; kan . Neds, MU; Task Torce Conmithes Kembers

GOALS

Clinical Parameters

Temperature

Capillary refill < 2”

Pulse

Mental Status

Central venous pressure

Mixed venous saturation
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Sepsis-Septic Shock
ACCM GUIDELINES L1 ol ptints st shoclr e P

Joseph & Garclilo, MO Skan . Teds, MO; Task Noece Conmithes Kembers

GOALS

Metabolic

Hypoglicemia
Hyperglicemia
Hypocalcemia
Suprarrenal insuficiency
Hemoglobin

(keep > 10g/dl)
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Sepsis-Septic Shock

Clinical practice parameters for hemodynamic support of pediatric

A( :( :M ( ; U I D E LI N ES and neonatal patients in septic shock®
JosEph A& Garclie, MO; Sln . Tleds, MO; Task [o6os Commites Mambsrs

Vasopressors
in low SVR, careful with CO

Dopamine

(paediatric patient, bad response)
Norepinefrine (warm shock)
Adrenaline (cold shock)
Fenilefrine

Vasopresine
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Sepsis-Septic Shock

ACC M G U I D E L I N ES and neanatal patieats in saptic shock®

Jdmepe Ul W0 At D Rids, FAE Task Bove Semeil ke R

0 min Recognize decreased mental status and perfusion.
5 min | Maintain airway and establish access according to PALS guidelines.

Push 20cc/kg Isotonic saline or colloid boluses up to and over 60 cc/kg
Correct hypoglycemia and hypocalcamia

15 min Fluid refractory shock

Fluld responsive Establish central venous access, begin

dopamine therapy and establish arterial monitoring . |

Fluid refractory-dopamine resistant shock

Titrate epinephrine for cold shock,
Observe in PICU norepinephrine for warm shock

Catecholamine- resistant shock

At Risk of Adrenal Insufficiency? Mot at Risk?

60 min | Give hydrocortisone | | Do not give hydrocortisone !

MNormal Blood Pressure Low Blood Pressure Low Blood Pressure
Colid Shock Cold Shock, Warm Shock
SVC O, sat < T0% SVC O, sat < T0%
| | |
Add Vasodilator or Titrate Volume and Titrate YVolume and
Type [Tl PDE inhibitor Epinephrine Morepinephrine

with Volume loading - | Low dose vasopressin or angiotensin?

Persistent Catecholamine-resistant shor.:k’i
|
Place pulmonary artery catheter and direct fluid, _ Refractory shock
inotrope, vasopressor, vasodilator, and hormaonal !
therapies to attain normal MAP-CVP and Ci > 3.3 and
< 6.0 L/min/m? f Consider ECMO |
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Sepsis-Septic Shock

ADHERENCE TO ACCM GUIDELINES

Early Reversal of Pediatric-Neonatal Septic Shock by Community
Physicians Is Associated With Improved Outcome

Yong Y. Han, MD*§; Joseph A. Carcillo, MD*1§; Michelle A. Dragotta, RNg; Debra M. Bills, RN§;
R. Scott Watson, MD, MPH"{§; Mark E. Westerman, RTg; and Richard A. Orr, MD*1§

Pediatrics 2003, 112:793

Early resucitation
Reversal or decreased ped-neo septic shock

Community hospital transport team
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Sepsis-Septic Shock

ADHERENCE TO ACCM GUIDELINES

Larly Keversal of I'ediatric-Neonatal Septic Shock by Community
Physicians Is Associated With Improved Outcome

Wi Y T Tan, WIS Joseph & Carcille, MTHLE Wichelle AL Dieagonite, RS Thebre ML Rills, RS
Bzl Weotson, MUY, MPH S Mack B VWesterman, BLDG: and Bichaed A, Cuer, ML h

Patients Survivors MNonsurvivors P Value
(n = 91)* (n = 65)* (n = 26)"
Age (mo) 22 [1-131] 24 [1-130] 12 [0-156] 651
Male sex (n [%]) 45 (49) 31 (48) 14 (54) J65
Comorbid condition (1 [%]) 36 (40) 26 (40) 10 (38) 919
PRISM score 13 [6-24] 11 [4-17] 26 [13-36]t =001
Culture-positive sepsis (1 [%]) 65 (71) 47 (72) 18 (69) 971
Physician on transport (n [%]) 79 (87) 56 (86) 23 (8B8) 1.000
Time to transport team arrival at 75 [49-114] 74 [47-113] 80 [51-121] 613
community hospitalt (min)
Total transport timet (min) 191 [133-253] 186 [133-253] 200 [131-262] 694

* Continuous data are expressed as median [25th—75th percentile].
T From time of initial call requesting transport.
fp < 001 survivor versus nonsurvivor.
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Sepsis-Septic Shock

0 min Recognize decreased mental status and perfusion. o gaitions 1o Asancinen With Trnced Onsceme
Maintain airway and establish accass according to PALS guidelines.
5 ] Tog 1. Llan, N.'U-R [Ecsl f_?u'.in. L |t_'|,l Blichelle A Dongotts, ok Libza b I.'d:IL:. JEREH
min B B Wetsin, MO, MU g bk U Wesnman, KL caid Hichard A Dre, 40 |5

Push 20 cc/kg isotonic crystalleid or colloid boluses up to and over 60 cclkg.
Correct hypoglycemia and hypocalcemia,
i |
15 min Fluid responsive Fluid refractory shock
I

Establish eentral venous access, begin dopamine
therapy and establish arterial monitoring.

/ |

Dopamine Fluid refractory-dopamine resistant shock
responsive |

Titrate epinephrine for cold shock,
narepinephrine for warm shock.

Catecholamine Catecholamine-resistant shock
responsive
At Risk for Not at Risk?
Adrenal Insufficiency?

60 min Give Do not give
hydrocortisone. hydrocortisone.

Observe in PICU.
vol/picuhim




Sepsis-Septic Shock

ADHERENCE TO ACCM GUIDELINES

Larly Reversal of "ediatric-Mveonatal Heptic Shock by Community
Thysicians Is Associated With Improved Qutcome

9 years of study

6196 patients, 186 sepsis
Comorbidity in 40% pts.
Mortality rate 29%

PRISM nonsurvivers 26, survivers 11 (p<.001)
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Sepsis-Septic Shock
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