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Lin;&gof previous definition
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Bengjaw‘ﬁarking the Incidence and Mortality of
Sey€re Sepsis in the United States*

kobé David E Gaieski MD'; J. Matthew Edwards, MD'; Michael J. Kallan, MS% Brendan G. Carr, MD, MA, MS'~ S\@.
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& Task Force Decisions
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Beyond the remit of the task force tgﬁefine infection \oe:‘v“
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Sepsis is not simply infection + two or more SIRS criteria (&Q"’
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The host response is of keyéei‘ighportance
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Sepsis Is life-threatening orﬁan dysfunction
caused by a dysregulated lg,ost response to infection
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«°  The Definition of Sepsis
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5 Sepsis is life-threatening orgﬁ dysfunction caused

o by a dysreguiated hostresponse to infection
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“péigulated host response”

< . 5
that charactegﬂ"zes the non-septic response é@"‘infectlon
<0 V}q’o
¥ ¥
> ©



&
C
\‘?’

e The Definition of Septic Shock
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. ngaf tangibly differentiates septic shock from sepsis ?

@Q— MORTALITY
f\°° * Septic shock is “really bad” sgﬁsns

R Septic shock is a supéet of sepsis in which
5 ' profound circulatgsy, cellular and metabolic <
abnormaiities arae,éssomated with a greater | sk
L of mortality than with sepsis alone ;"?’
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What data source
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@;Q -
N .
{Q 1309025 Patlent encounters at 12 UPMC
QQ' hospitals in 2010-2012
N
o
06> 1160118 Excluded
L 1109402 No infection present
Q
,QG 45628 Aged <18y
'\'@, = @ 2169 Dutside eligible date range
00- S\\' 2117 Error in encounter start time
A P 774 Initial location was clinic
(&!Qf)' (('\““ 28 Error in hospital type
X
[°A hd e‘r,
C,
{0 148907 With susp ection in ED,
.\f:' ICU, ward, down unit, or
5&0\ PACU incl in primary cohort
& & Y3
%’&0 w @\ L
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Years of cohort <& 2009-2013 2008-2010 2011-2012 20098910
No. of hospitals _,\c‘,( 20 130 1 o‘jz
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Total No. of en ers 1847165 1640543 38098 &%72?
Icillat_a snuz&ﬂ study FElfltéospective study of EﬁtF:ospective study of P:'n;.pective cohort \’\9 R;trps_p;tzcattiye study gf
esign s S study administrative records
Sett@gv7 Integrated health All hospitals in the US Single uniuers@*cy‘ Out-of-hospital records
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%@B‘\eveloping new criteria

() . g
* Focuson timeliness, ease of use

<

. é@ﬁdied 21 variables from Sepsis-2

<@ . .
f\o‘> Multivariable lo

gistic regression for in-hgiz‘%ital mortality
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LODS

ICU encounters

N =7,932

AUROC in-hospital
mortality

Outside the ICU encounters

N = 66,522
AUROC in-hospital
mortality
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>  Septic shock is defined as a subset of saé?asns where underlying &
& ] : '\é\
& circulatory and cellula r/metabollc @@normalltleq are profound %Qé‘
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S enough to substantlgvbfy Increase mortality SN
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Despite adequg}@é fluid resuscitation, lactaie >2 mmol[)k’and

vasopg;éssors needed to elevate MAP=265 m@ﬁﬂilg
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n.b. if ca{iﬂ?measure lactate use marker of poor perfusion, e.g. capillary refill
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Why hypdtension AND hyperlactatemia

&
& .
& for septic shock?
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S : R
s hypotension + lactate >2 (@\" 42.3 | &8
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*° </ 4 . <
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<& hypotension alone & 30.1 &
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5 N J N N &
o8 lactate >2 alone & 25.7 4
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no hypotension and Iacga‘te <2 18.7 &
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Conceptual changes
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OLD 0
i CV collapse not &
&Q\o >2 of 4 SIRS organ dysfunction responding to fluid &é&
3¢ <& &
<& Severe 54
& Infection sepsis o8 : septic shock &
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&o"“ New PICO question 01d PICO question
6}
O
& <&
<3 Search strategy of two databases Upd@ﬁ search of two databases
& No date limitation <&
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Q S
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S &
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«  Recommendations
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s * 93 Recommendations ¢ &
3 & N
& — 32 Strong recommenda@‘lons “We recommend” &
© &
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Lmtlal Resuscitation

&

L

& 2012 Recommendation

We <grcééommend the protocolized, quantitative &
r@‘fusatatlon of patients with sepsgs— ‘induced tissue \@f
thpoperfusmn During the first Q‘hours of resuscitation, @Qﬁ}
the goals of initial .esusutatle‘h should include all of the 0@"’&
following as a part of a trea%ment protocol: QIQ@bo"‘)

a) CVP 8-12,¢im Hg &

b) MAP 265 mm Hg @é@,.

c) Urlrgé output = 0.5 mL/kg/hr 8\&"‘

d) SEVOZ 70%. %/\o\‘f’
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< Supplemental oxygen *
@‘} endotracheal intubation and
%e, mechanical ventilation
.\0 Ll o
& —t Early insertion of
t
ée@e art::}arlac:t?lg?:r?zaal:ion Scv02 catheter
N ——
.0 L)
0& Sedation, paralysis
O (if intubated),
Q& or both
.QQ'
<
N Crystalloid
s
(ng" »[ colloid  |—
@s‘z' Therapy
& titrated to CVP,
N »| Vasoactive agents
& MAP and | :
QI»Q) choz ~ =Bbar 1=90 n&@ﬁg -1
(5?\”\’ / &’5}0 <70% [ Transtusion of red cells s
ransfusion of red cells
N 6b— Sev0; until hematocrit =30% |_<70%
© & =70% [ =3
0&’@ v Inotropic agents |« e(“
;_‘.ﬂ Aals {‘Zf’
0\'@ No achieved ~ .{(;
¢ v
.\5;‘@ ) S
& — Pgtential for RBC
"b Hospital admission Q'\,
<> v and Inotropes
(b |
Q\' v 9
v ®
AN

A\
N En@‘% Med, Vol. 345, No. 19 + November 8, 2001
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b
Studg\o Events, Events, %
ﬁ ’\@OR (95% CI) EGDT control Weight
<9 S
15 &et
N 8
'&K Rivers et al. (2001) o« : . §‘® 0.52 (0.31, 0.86) 38/130 59/133 10.40
. N
o | &
&8\ Jones et al. (2010) I ffb 1.47 (0.82, 2.60) 34/150 25/150 487 )
<0 & o
6.,3) ProCESS Investigators (2014) ——(\F 1.17 (0.88, 1.55) 92/439 167/902 21 78 2:9
» 0
\S? ARISE Investigators (2014) + 0.98 (0.76, 1.26) 147/792 150/796 38??’1
Ot
ProMISe Investigators (2015) e}‘?fQ—*— 1.02 (0.80, 1.30) 184/623 181/62g 32.23
>
Overall (l-squared = 56.7%, p = 0.055) o\ 1.01 (0.88, 1.16) 495/2134 59512601 100.00
4 &
& o
L
) b
& RS
[ (‘)\‘ T T 10
.g)& 1 3 K3
N ,-\9
,\0 Favours EGDT Favours control N
o o8
» <
o3 .
©q> Intensive Care Med (2015) 41:1549-1560

A systematuq“rewew and meta-analysus of early

goal-dlrec;téd therapy for septic shock:

the ARISE,

Q)
A Primalgﬁlortality outcome of each study

ProCESS and ProMISe Investigators

DOI 10.1007/s00134-015-3822-1




The Rlver gs work was useful....

e}*> "
¢ As it provided us a construct on how to &
" understand resuscitationg®

— Start early- (give anthIQTICS)
— Correct hypovolaen;ué N
34 — Restore perfusuom‘ﬁressure S

B — And in some ca@’es a little more may be ®
required..! & &

/\0 ?}
@Qj’

* These cg.«mcepts are as important tacdbay as
they ever were.
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S°epsus and septic shock are

o " medical emergencies and we &
" recommend that treatment and
resusmtatlombegm |mmed|ately

Best Pra ctlca@Statement ée,e“’
& 6‘2’ 0%8‘6&9
6&6{\ Ncb&o
@3’&‘0\) @“"QQ
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< Source Control

5
N
&L
>

Q/Q

We re‘éommend that

1-@% spemflc anatomic dlagn05|s of infection &
ﬁeqmrlng emergent source cm\trol be identified 6
& or excluded as rapidly as pﬁsmble in patients o
& &
& with sepsis or septic shg&k &
§ &
& 2- any required sourﬁe control intervention be¢

»\0

implemented as won as medicallyand ¢
logistically pragtlcal after the dlagn05|s |§»tnade

(Best Practlgé Statement) @o’*"



« Diagnosis

\
. \‘g
$

We gécommend that appropriate routine
mi%roblologlc cultures (mcludl[ag blood) be
ﬁobtalned before starting anmmcroblal therapy in

‘\Q’ \\Q' e

& patients with suspected §€psis and septic shock Q@@@
> if doing so results in no “substantial delay in thes"

5 start of antlmlcroblﬁfs (BPS) &

— Remarks: App?oprlate routine mlcroblologat
cultures aIWays include at least two segs' °of blood

‘b

culture§°faeroblc and anaerobic).
%" &

> -

&
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= Antibiotics

%

NZ
&
>
-~

* We gécommend that administration of IV
aMmlcroblals be initiated asap after recognition and &
avithin 1 h for both sepsis and septlc shock. F

“Q"’(strong recommendation, mode;eate quality of evidence). &

* We recommend empiric Igwbad-spectrum therapy W|th0<\

one or more antlmlcrobfals to cover all likely Q@b"
&

b &

pathogens. @Q@ R
AQI

(strong recommend*atlon moderate quality of ewdence)
Q/ 5@\

x> 0
&S
e Q\%
5 d’{b
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SeptigShock: Timing of Antibiotics

[ 14 I1ICUs; n =2,731
H % Survival

K %o Total receiving antibiotics

S
>
.Q

Time, hrs

rit Care Med 2006



Initial HEmodynamic Resuscitation

&
N
&

Q/Q

* We t;ecommend that in the resuscitation from sepsis-
m&uced hypoperfusion, at least 30ml/kg of iv &
’@crystallmd fluid be given within t,he first 3 hours. &

' (Strong recommendation; low qg’allty of evidence) &
Q'Q,g\& $
e We recommend that fgsifowmg initial fluid QIQ@&”

resuscitation, addltwnal fluids be guided by frequ%nt

reassessment of h"emodynamm status. &
(Best Practice Staetement) 5
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< Fluid Therapy

\Q/
ce}

e We rege"mmend crystalloids as the fluid of choice for
|n|t|§cf resuscitation and subsequent intravascular

vngume replacement in patients with sepsis and septic &
r ’\°shock \{,ﬁ e
‘ch} @&
& ¥ (Strong recommendation, modg&@ate quality of evidence). &
» &
«0\)"6 @@oQ g}.\o(\
N & b"
Vv
& * We suggest using alquln in addition to crystallmd\;‘
©
when patients reqm?e substantial amounts of gf’
'e
crystalioids & &6‘@
.(Eb
(weak recommﬁhdatlon low quality of ewdeﬁ%e)
f@h&«o @Q@
&

N
©Q~



&)
, Year (Reference) Evenis/Total, n/N Welght, % Cidds Ratlo: Ovdds Ratlo:

@ e Crystalionds M=H, Fixed (95% CI) & M-H, Fixed (95% CI)
,\0‘5 Haupt and Rackow, 1982 (38)  8/13 4 0.2 0.53 (0.04-6.65) e‘}b\
> Finfer et al, 2004 (2) 185/603 217/615 20.4 0.81 (0.64-1.03Q -
o Brunkhorst et al, 2008 (1) 107/261 93/274 73 135 (0,953 9) LA
& Li et al, 2008 (39) 14/30 20/30 15 0.44 (0.4@1.24) ———
& Mcintyre et al, 2008 (41) 9/21 7/19 0.6 1.29,40%¢64.58) —
b@ Dubin et al, 2010 (37) 3/12 7/13 0.7 0810.05-1.57)
RS Myburgh at al, 2042 (3) 248/976 224/945 n3 _&10089-135 i
cb‘\o Lv et al, 2012 (40) 7122 12120 12 & 03008110 —
,\9"' Guidet et al, 2012 (6) 40/99 12/95 27 133(0.74-2.40) ——
(y'l\ Pemer et al, 2012 (4) 202/398 173/400 N 1.35 (1.02-1.79) ——
Q Haase et al, 2013 (5) 44/117 s0/124 a2 0.89 (0.53-1.50) — ¢
© Annane et al, 2013 (16) 252/774 286/779 66‘ 26.4 0.83 (0.67-1.03) -] <O
Total 3326 I’ 100.00 0.99 (0.89-1.10) ! &
Total events 1119 ,-\lqp\ ‘:e,é
Heterogenelty: chi-square = 23.20; 12 =53% o, &
Test for overall effect: 7 = 0.18 (P = 0.85) 3 . ; 0{3? .
2 om 0.1 1 o 00
. \‘;a& Favors Colloids
ﬁ\

<
o"b

M-H = Mantel-Haenszel.
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Neeg:for Renal Ref
&
&
@
R
Q&
(%2
<
N
(ass
S
‘e«gf‘o Table 3 Results of four-node network meta-analysis including confidence assessments
N . , — . . .
<0 Comparison Number of trials Direct estimate In@&l estimate NMA estimate (95 % Crl) (higher
e‘e."' with direct comparisons (95 % CI) x;@j % Crl) of direct or indirect confidence)
< o
=) k7
) @@ Starch vs. crystalloid 7 139 (117, 1663¥F - 139 (1.17-166) H
b‘o\ Alburin vs. crystalloid 1 L4 (078, I M - 1.4 (0.78-1.38) M
) Gelatin vs. crystalloid 0 - é\e,Q 1.05 (042, 256) VL*  1.05 (0.42-2.56) VL
o Albumin vs. stach 0 > 074 (0.5, 101" 074 (0.53-1.04) L
S Gelatin vs. starch 1 935?6.31, 18 L% - 075 (0.30-181) L &
P Gelatin vs. albumin 0 & 1.01 (0.38,2.60) VL® 101 (0.38-2.60) VL O@Q
N O N
(I confidence interval, Crl credibility interv@,*ﬁMA network meta- b paed down for imprecision and indirectness 'f\°
analysis, H high certainty, M moderate g@tainty, L low certainty. < poreq down for risk of bias cgz'"
VL very low certainty <0 &
<

* Rated down for imprecision 0\'6""
¢



We ggcommend an initial target mean arterial
rwﬁssure of 65 mmHg in patients with septic shock

S <2
& requmng vasopressors. &S
‘,;;&
(Strong recommendation; mq@érate quality of o
X2
& &
evidence) & &
N B N
ot v o 100 '\
] Q Q&
N 90 | r§® . (’500
l ;:o ; ::: :ﬂ— o Low-target group ob‘\)
E 2 o
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g ';;: 504 &Q/
g H K <0
& E 51 o'
.g 3 25 Q}A@ |
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Figure 2. Mean A&rlal Pressure during the 5-Day Study Period. L Figure 3. Kaplan—Mgi %urves for Cumulative Survival.
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~Vasoactive agents

\Q/
ce}

e We reg&mmend norepinephrine as the first choice
vaseﬁressor

(strﬁng recommendation, moderate quallty of evidence). &

O
&
X
"N ©
& RS
Q
a N Q,

< * We suggest adding either v@‘sopressm (up to 0.03 | &
S U/min) or epinephrine te ‘norepinephrine with the @@"‘}
B intent of raising MARoéto target, or adding vasopress‘ln

(up to 0.03 U/mln\c))@to decrease norepmephrmee“"
dosage 6‘2' @*"9

@f’ b
(weak recomméndatlon low quality of ewdgﬁce)
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N
©
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@
Meta-analysis of Norepinephrine versus Dopamine

\\Qz

lllustrative comparative risks* (95%  [REEWNEE N6 QualWhe
effect  Participants eV|
Assumed risk Corresponding risk{(EaNe R e[| « ADE)

Dopamine Norepinephrine ' %'

.Q,

\Z =&
«>  Short-term mortality Study population & RRO091 2043 DODO
é‘ef" 530 per 1000 482 pgﬁooo (0.83to (6 studies) moderatel?
& (449% 524) 0.99)
é,\‘f’ Serious adverse events - Study population {0 RR 0.47 1931 SISIIS)
» i i 2 :
& Supraventricular arrhythmias 529 per 1000 R 82 per 1000 (0.38to0 (2 studies) moderatel? ,;}th
& (3410195) 0.58) o
Serious adverse events - Study po%ofl\ation RR 0.35 1931 DDDO Q@
Ventricular arrhythmias 39 pe‘[obﬁ\f)o 15 per 1000 (0.19to (2 studies) moderefelZ
R (8 to 27) 0.66) <0°
*The assumed risk is the median control gr risk across studies. The corresponding risk (and its 95% confidence interval) ii\&sed on the
assumed risk in the comparison group a e relative effect of the intervention (and its 95% CI). ,_:6
Cl: Confidence interval; RR: Risk ratig;%* ‘_le’
1 Strong heterogeneity in the resul@lf squared = 85%), however this reflects degree of effect, not direction of effect. ijﬂ ave decided not to lower the
evidence quality. Qf"
2 Effect results in part from h,zbbvolemm and cardiogenic shock patients in De Backer, NEJM 2010. We have |0){Qéd the quality of evidence one ievel
for indirectness. ?$ el
(, 4
<> d}'\,
,19'3’ ©<$~‘ Annane for SSC 2015
&
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Laq;bate can help guide resuscitation

(\

@tWe suggest guiding resuscitation to normalize

lactate in patients with elevated lactate levels as a

7
&
marker of tissue oper on &
>
R
<
(Weak recommendat|on@<l>ow quality of evidence) &
&
N °
() \)(;
Q@ Ob
Lactate Guided Standard ;O Risk Ratio Risk Ratio Q‘\
Study or Subgroup Events Total Events '[Q,é'l Weight IV, Random, 95% Cl  Year IV, Random, 95% CI ,\Q; |
lansen, 2010 20 a8 30@ 67 24.5% 0EE [0.42, 1.03] 2010 —] 0\)“3"
Jones, 2010 25 150 150 23.8% 074 046, 1.17] 2010 —& «
Tian, 2012 14 43 @“12 1 16.9% 052 [0.30, 0.8%] 2012 —— A‘Q,CJ
Yu, 2013 5 25\0 25 5. 1% 071[0.26, 1.95] 2013 .cé‘—
Lyu 2015 20 590 28 S0 25.2% 071 [0.47, 1.0%] 2015 @! |
3 &2
Total (95% CI) ,_jQ‘»‘E'.E‘.E 311 100.0% 0.67 [0.53, 0.84] &0 &
Total events 8@@ 111 R
i 2 = i = = = 2 = I =t I I
_Il—_|etter;ngenewllTEflfu t-. SEO‘ET A _1{.:]13632 4P = 0.859]; | 0% b T o 100
BstTOr overall eifect. \)c, : (=0 ! Q‘\Lactate Guided EGDT
A\O -— v\,} i
P O
Q <«
N ©
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.\‘Ql'

§
Hougs1 Bundle

paign's

Inltlal Resuscitation for Sepsls and Septdc Shock (begin Immedlately):

S«Qﬂ#?%h
S

e
Q‘b j{j e
2 ™
rel@ Administer broad-
spectrum antibiotics. "\'
Time Zero/Time Presentation . -
*Time =n” or “ime of prezentzion” i D
disbred 25 the e of trege i the Emereny [N W
Begin rapid

Department ar, If prezenting frem another

czre vere, e the eerilest chari aneniad@on
camsiztent with all demants of saps
(formerly severs: spss) or zaplic shack L
marertaned thrmgh chert raviaw.

administration of
30 milf kg crystalboid
for hypotension or
lzciate = 4 mmeolfL )

Measure lactate level.

Ramzasure lactste I intal lacEiz

f elavatzd (> FmmedlL)
%, -

'II 'S e ™

Obiain blood culftures
| before administering
] antibictics.

.S,

Apply vasopressors if
hypofensive during or
after fluid resuscitation to
mainfain & mean arieral
| pressure = 65 mm Hg.
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&GPEENING FOR SEPSIS
ANDPERFORI\/IANCE IMPROVEMENT

(\6‘

&P
\).

We recommend that hospltals%eand hospital R
d systems have a performancg® |mprovement &

& \\0 Q’Q

" program for sepsis mcludihg sepsis screening &
> for acutely ill, high- rlskpatlents (BPS) &



Sepsis | Rerformance Improvement

()

<

N
O

eﬁ‘é &

ﬁérformance improvement effortsdor sepsis are D

& assouated with improved patIEﬁf outcomes &
o

&+ Arecent meta-analysis of SQ%bservatlonaI studies: &

3 — Performance |mprovemem“t programs associated with a &
D significant increase in g@mpllance with the SSC bundles agﬁ
© a reduction in mortgﬁty (OR 0.66; 95% CI 0.61-0. 72)

* Mandated puphc reporting: &6@
—~ NYS, CMS;PUK @@

<& D
' Sl
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~Setting Goals of Care

\Q/

e We reeﬁmmend that goals of care and prognosis
be dﬁ‘scussed with patients and families. (BPS)

0 We recommend that the goals of care be &

4\

¥ incorporated into treatmentand end-of-life care &
&a"f’ planning, utilizing palllatlvé care principles where &
& appropriate. (Strong rg&ommendatlon moderate bo"o

@Q

& quality of ewdence)oa’* e

 We suggest thatgoals of care be addressed
early as fea5|b»1‘e but no later than W|th|t;v~°72

hours of IQP.‘F admission. (Weak recogmh'lendatlon

low quashty of evidence) o

©Q~



