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

EmanueL Rivers, M.D., M.P.H., BRYANT NGuUYeN, M.D., SuzanNne HAavsTAD, MLA., JULIE RESSLER, B.S.,

ALEXANDRIA Muzzin, B.S., BERNHARD KNOBLICH, M.D., EDWARD PETERSON, PH.D., AND MICHAEL ToOMLANOVICH, M.D.,

FOR THE EARLY GOAL-DIRECTED THERAPY COLLABORATIVE GROUP*
Results Of the 263 en'rolvled batients, 130 were ran-
domly assigned to early goal-directed therapy and 133

to standard therapy; there were no significant differ-
ences between the groups with respect to base-line

TABLE 4. TREATMENTS ADMINISTERED.*

characteristics. In-hospital mortality was 30.5 percent
in the group assigned to early goal-directed therapy, as
compared with 46.5 percent in the group assigned to
standard therapy (P=0.009). During the interval from

7 to 72 hours, the patients assigned to early goal-
directed therapy had a significantly higher mean (=SD)
central venous oxygen saturation (70.4%10.7 percent
vs. 65.3+11.4 percent), a lower lactate concentration
(3.0x4.4 vs. 3.9x4.4 mmol per liter), a lower base def-
icit (2.0x6.6 vs. 51x£6.7 mmol per liter), and a higher
pH (7.40x£0.12 vs. 7.36:0.12) than the patients assigned
to standard therapy (P=0.02 for all comparisons). Dur-
ing the same period, mean APACHE Il scores were sig-
nificantly lower, indicating less severe organ dysfunc-
tion, in the patients assigned to early goal-directed
therapy than in those assigned to standard therapy
(13.0+6.3 vs. 15.9+6.4, P<<0.001).

Conclusions Early goal-directed therapy provides
significant benefits with respect to outcome in patients
with severe sepsis and septic shock. (N Engl J Med
2001;345:1368-77.)

TREATMENT

Total fluids (ml)
Standard therapy
EGDT
P value

Red-cell transfusion (%)
Standard therapy
EGDT
P value

Any vasopressor (%)
Standard therapy
EGDT
P value

Inotropic agent (dobuta-

mine) (%)
Standard therapy
EGDT
P value

Mechanical ventilation (%)
Standard therapy
EGDT
P value

Pulmonary-artery cathe-

terization (%)%
Standard therapy
EGDT
P value

HoURS AFTER THE START OF THERAPY

0-

6

7-72

0-72

3499=2438 10,602+6,216 13,358%7,729

4981+2984 8,625+5162 13,443%6,390
<0.001 0.01 0.73
18.5 32.8 44.5
64.1 11.1 68.4
<0.001 <0.001 <0.001
30.3 429 51.3
274 291 36.8
0.62 0.03 0.02
0.8 8.4 9.
13.7 14.5 15.4
<0.001 0.14 0.15
53.8 16.8 70.6
53.0 2.6 55.6
0.90 <0.001 0.02
3.4 28.6 319
0 18.0 18.0
0.12 0.04 0.01

*Plus—minus values are means +SD. Because some patients received a
specific trearment both during the period from 0 to 6 hours and during
the period from 7 to 72 hours, the cumulative totals for those two periods
do not necessarily equal the values for the period from 0 to 72 hours.

EGDT denotes early goal-directed therapy.

tAdministered vasopressors included norepinephrine, epinephrine, do-

pamine, and phenylephrine hydrochloride.

tAll pulmonary-artery catheters were inserted while patients were in the

intensive care unit.



Vyznam objemove terapie v kritickém
stfavu

1. Obnoveni tkdnove perfuze
2. Udrzeni tkanoveé perfuze

3. Navozeni a udrzeni optimdlnich
parametru hemodynamiky pro
regeneraci Sokoveho postizeni

4. ¢ Terapeuticky efekt zvyseného
intersticidlnino prutoku?

Pozitivni tekutinovad bilance — dan/lek




Pacienti s nejvétsi kumulaci
tekutin

» Abdomindlni sepse — vysoky obsah imunitni tkané a
reakce peritonedini vystelky

» Pokrocild faze Soku s protrahovanou globalni
ischemii

» Masivni neuroendokrinni a cytokinova reakce

» Polyfrauma s devastaci mékkych tkani — crush

Ale: Pacienti s vétsi pozitivni fekutinovou

bilanci maji vyssi riziko umrti




|
Sepsis in European intensive care units: Results of the SOAP

study*

Jean-Louis Vincent, MD, PhD, FCCM; Yasser Sakr, MB, BCh, MSc; Charles L. Sprung, MD;
V. Marco Ranieri, MD; Konrad Reinhart, MD, PhD; Herwig Gerlach, MD, PhD; Rui Moreno, MD, PhD;
Jean Carlet, MD, PhD; Jean-Roger Le Gall, MD; Didier Payen, MD; on behalf of the Sepsis Occurrence in

Acutely Il Patients Investigators

Objective: To better define the incidence of sepsis and the
characteristics of critically ill patients in European intensive care
units.

Design: Cohort, multiple-center, observational study.

Setting: One hundred and ninety-eight intensive care units in
24 European countries.

Patients: All new adult admissions to a participating intensive
care unit between May 1 and 15, 2002.

Interventions: None.

Measurements and Main Results: Demographic data, comorbid
diseases, and clinical and laboratory data were collected pro-
spectively. Patients were followed up until death, until hospital
discharge, or for 60 days. Of 3,147 adult patients, with a median
age of 64 yrs, 1,177 (37.4%) had sepsis; 777 (24.7%) of these
patients had sepsis on admission. In patients with sepsis, the
lung was the most common site of infection (68%), followed by
the abdomen (22%). Cultures were positive in 60% of the patients
with sepsis. The most common organisms were Staphylococcus
aureus (30%, including 14% methicillin-resistant), Pseudomonas

species (14%), and Escherichia coli (13%). Pseudomonas species
was the only microorganism independently associated with in-
creased mortality rates. Patients with sepsis had more severe
organ dysfunction, longer intensive care unit and hospital lengths
of stay, and higher mortality rate than patients without sepsis. In
patients with sepsis, age, positive fluid balance, septic shock,
cancer, and medical admission were the important prognostic
variables for intensive care unit mortality. There was considerable
variation between countries, with a strong correlation between
the frequency of sepsis and the intensive care unit mortality rates
in each of these countries.

Conclusions: This large pan-European study documents the high
frequency of sepsis in critically ill patients and shows a close
relationship between the proportion of patients with sepsis and the
intensive care unit mortality in the various countries. In addition to

age, a positive fluid balance was among the strongest prognostic
factors for death. Patients with intensive care unit acquired sepsis
have a worse outcome despite similar severity scores on intensive
care unit admission. (Crit Care Med 2006; 34:344-353)




ProC vice umiraji nemocni s
pozitivni tekutinovou bilanci@

® JSOU vice nemocni a usporadani studii fo
neodlisi

» Protoze jsme verili syntetickym koloidum

» Profoze s fenoménem presunu tekutin
neumime pracovat

®» Protoze se neumime starat o nemocné s
velkou kumulaci tekutin v organizmu




Problem ddavkovani ATB terapie v
kritickém stavu

/mény objemu télesnych kompartmentu
2 Intracelularni objem

1.

»

» Expanze intersticialniho prostoru
» /7vysSeny infravaskuldrni objem

»

Tekutina v peritonedini a pohrudnicni duting, ve
streve - s ruznou kinetikou

2. Hypoalbuminémie
3. Hypo/hypermetabolizmus
4. Interference ruznych latek v eliminaci




Doporucenda davkovani v SPC

» QObvykle podle méreni u zdravych
dobrovolniku nebo u nemocnych s lehci
infekci a normalni fyziologii

» U pacientU v kritickém stavu (JIP)
s dynamicky se ménicim prubéhem
nebyva davkovani relevantni

Resen - individudini davkovani podle PK/PD




Antibiotikum Davka Davkovaci interval

Amoxicilin/k. klavulanova 129 6 hodin

Ampicilin/sulbaktam 15-3¢g° 8 hodin

Ciprofloxacin 400 mg 8 hodin

Klindamycin 600 — 900 mg? 6 hodin / 8 hodin 2

Metronidazol 500mg-1g? 6 hodin / 8 hodin 2

Ertapenem 2glLD,dale1g 24 hodin

Gentamicin 4 — 7 mg/kg® 24 hodin

Tigecyklin 100 mg LD, dale 50 mg 12 hodin

Piperacilin/tazobaktam 4549 6 hodin

Meropenem 2glLDdale1g 6 hodin (kontinualni infuze) ®

Imipenem/cilastatin 19 6 hodin

Vankomycin 0,5gc¢LDdale2g 24 hodin (kontinualni infuze);
nebo prodlouzené infuze v
délce 3 hod

Antimykotikum

Flukonazol 600 mg LD, dale 400 mg 24 hodin

Caspofungin 70 mg LD, dale 50 mg 24 hodin

Anidulafungin 200 mg LD, déale 100 mg 24 hodin

Micafungin 100 - 200 mg 24 hodin

Gurlich R. et al.: Zakladni principy diagnostiky a lecby sekundarni peritonitidy.
Rozhl Chir 2014;93:334-351



Vztah PK/PD - prediktor Ucinku

» Farmakokinetika, PK : osud |€Civa
v organismu metodou analyzy casoveho
prubéhu plazmatickych koncentraci

= Farmakodynamika, PD : studuje vztah
mezi davkou (koncentrace) a ucCinkem

DAvka m» koncentrace v krvi ™ koncentrace v
cilové tkani = (cinek/riziko

Delacher S et al. J Antimicrob Chemother 2000:46:733-9




Klicova kriterio
= pro PK:
CmOX' Cmin

AUC (plocha pod kiivkou plazm. koncentraci v ¢ase po
podani)

pro PD:

MIC in vitro, breakpoints
(EUCAST - The European Committee on Antimicrobial Susceptibility Testing)

time dependentni UCinek (piperacilin,
karbapenemy)

Cpeak dependentni UCinek (aminoglykosidy,
metronidazol)

Kombinace (vankomycin)




PK vlastnosti a klicové parametry:

distribuéni objem (Vd) a clearance (CL)

Imeény v kritickém stavu (sepse,
polytrauma, popdleniny aij.)

Hydrofilni

Vd- hodnota nizka

CL- pfevazneé renalni

Spatny pranik intracelularné
Betalaktamy,
karbapenemy,
aminoglykosidy,
glykopeptidy (vankomycin)
Vd- hodnota vysoka

Cl- pfevazné jaterni

Dobry pranik intracelularné

Fluorochinolony,
makrolidy, linkosamidy

vd
CL

vd
CL

1 retence tekutin > 10 L/24 h

V zavislosti na stavu funkce ledvin
Syndrom zvySené renalni clearance (>130
ml/min).

Renalni selhani.

Zhorseno, nedostatecna mikrocirkulace
Expanze intersticialniho objemu pro
zvySenou permeabilitu cév, terapeutické
intervence (volumoterapie). ZvySeni renalni

clearance v hyperdynamické fazi sepse nebo
redukce béhem Casné/pozdéjsi dysfunkce

nezmeénéno
nezmenéno

nezmeénéno



PK/PD pro predikci antimikrobniho Ucinku antibiofik

Klasifikace
hydrofilnich
antibiotik

Time-
dependentni

Uginek zavisly
na plazmatické
koncentraci

Uginek zavisly
na koncentraci
i na Case

PK/PD

fT>MIC (%)

Cax/MIC

max

AUC ,,,/MIC
C,../MIC

PD: EUROCAST

Definice vztahu PK/PD

podil davkovaciho intervalu (%), kdy
plazmatické koncentrace antibiotika
v ¢ase po podani (AUC) prevysuji
hodnotu MIC patogenu

Pomér C,,,, k MIC patogenu

Pomér AUC za 24h k MIC patogenu

Simulace Monte Carlo

Skupina ATB

BETALAKTAMY-PE

piperacilin
KARBAPENEMY

meropenem

AMINOGLYKOSIDY
gentamicin

GLYKOPEPTIDY
vankomycin



Time-dependentni antibiotika (prototyp piperacilin)

» Dosazeni cilovéeho PK/PD pro maximalni
baktericidni UCinek.

» Kriteriem je

frakce f davkovaciho intervalu T (%), po kterou
plazmatické koncentrace antibiotika > MIC in
VItro

minimalni:  50% T > MIC
maximalni: 100% T > MIC
eradikacni: 100% fT > 4xMIC

Carlier et al. Meropenem and piperacillin/tazobactam prescribing in critically ill
patients: does augmented renal clearance affect
pharmacokinetic/pharmacodynamic target attainment when extended infusions
are used? Critical Care 2013, 17:R84 http://ccforum.com/content/17/3/R84




Cox dependentni ATB (prototyp Gentamicin)
infermitentni ddvkovanii.v. 30min infuzi

» C . jako 8-12ndasobek MIC in vitro

0,5 h po skonceni infuze

»C .. <2mg/L - prevence toxicity (nefro, oto)

0,5 h pred dalsi davkou
» Postantibioticky efekt - nékolik hodin




Uginek zAvisly na koncentracii ase
(prototyp vankomycin)

AUC ,,,/MIC > 400

C.. /MIC

Koncentrace vankomycinu (mag/L)

35 4

25 4

15 4

C
T

vl

AUC

29

hod

36

48

Gl



Zena 61 let, pad z vysky 10m, Jumulovan i
pronikajici poranéni obliceje, 25 e
tenzni PNO, fraktura obratlu L1-2, ——kumulovangiance
L4-S1, krvaceni do psoat,

hematom v podjaterni krajine,
oboustranna zlomenina femuru,

lacerace praveho stehna
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body fluid reterition

[L/24h]
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Cumulative bofy fluid retention and CLcr

Patient O1
Clcr =e=body fluid retention -5
| ClLcr
. [ml/sec . 1,73m2]
- 25
T T T T T T T T O
1 2 3 4 5 6 7 8 9

days of antibiotic therapy

PK/PD target attainment

Tazocin-- piperacillin 4g + tazobactam 0,5 g every

8 hour C:mox,ss C:min,ss
[mg/L] [mg/L]

day 8 305,5 2,85

Breakpoint for piperacillin (Eucast

R?=0,99
R?=0,9994

R2=0,9973

[h]



PK/PD piperacilinu u pacientky O

(MIC podle mikrobiol.laboratore nebo EUCAST)

Dny fT100%> MIC fT100%> 4MIC
antibiotfické (16 mg/L) (64 mg/L)
leCby

Dosazeno pouze minimalniho pozadavku na PK/PD, ktery se snizoval
se dny antibiotické lecby




Pacient 02 —nizkd hodnota CLcr, vysoké plazmatické koncentrace. Kumulace piperacilinu pfi
stejném doporuceném davkovani. Riziko neurotoxicity. Cilovy PK/PD je eradikacni.

Retence a Clcr v pacienta s polytraumatem

e solitarni insuf. ledvinou po podani -5
piperacllin/tazecbactamuii. v. inf. 4,5g/8
hod Cleniis g
25 -
20 - -3
retence
L i mL /s.1,73m2
[Li¢ 15 [ ™4 1
10 1 QXx,ss C,nr}in,ss
5 .
250,8 83,07
O T T T T T T T T B A T S O
1 2 3 4 5 6 7 8 9 10 11
dny antibiotické Ié¢by

Profil plazmatickych koncentraceipiperacilinu po

1 hod infuzi
R2=10,9996

Rz=10,994

Cmax,ss—Cmin;,ss
[mg/L]
250,8 83,07

0 1 2 2 s h] 4 5 6 7



Vztah mezi retenci tekutin a Vd pro piperacilin

50

40

30

vd (L)

20

10

r=0.91,p=0.005

10

Retence tekutin (L)

15

20



/obecnéni vlastnich zkusenosti s piperacilinem
(IGA MZ — NT14089-3/2013)

Predikce PK:

Vd piperacilinu koreluje s kumulativni retenci tekutin a je
predikovatelny

Béhem mobilizace tekutin stoupd Clcr a CL piperacilinu
Dosazeni PK/PD prediktivniho pro Ucinek:

Frakce ddavkovaciho intervalu ohranicend klicovym bodem, ve
kterém pretne log regresni primka plazmatickych koncentraci
linii vyznacuijici breakpoint pro Pseudomonas aeruginosa
(EUCAST- 16 mg/L piperacilinu) nebo laboratorni MIC pro
piperacilin .

S prodluzuijici se antibiotickou IéCbou se klicovy bod posunuje
doleva. Posun informuje o snizujici se schopnosti udrzet
minimalni pozadavek na PK/PD piperacilinu ve fazi mobilizace
tekutin béznym ddavkovdanim.

Kaska M, Martinkova J, Havel E et al. Personalizovana antibioticka terapie na chirurgickée
JIP- prehled soucasnych znalosti a vysledky observacni kineticke studie.
Rozhl Chir 2014;93:456-462



[Aver:
» Retence tekutin vyzaduje individualizovany

pristup v davkovani hydrofilnich ATB

» Ocekdavane je faze retence tekutin spojena s
expanzi distribucniho objemu a nizsi eliminaci ATB

» Prekvapive je ale tézsi udrzet PK/PD ve fazi
mobilizace tekutin s vysokou eliminaci IeéCiva

» Vindividudlnim pristupu ma vyznam konzultace
specidlné zameéreného odbornika pripadné
vyuziti specialnino softwaru, napr. TCIWorks
(Target Concentration Intervention software)
urceného pro rutinni klinickou péci
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