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Brand new definition of sepS|s

“Sepsis is a life-threatening condition “life-threatening organ dysfunction
that arises when the body’s response to caused by a dysregulated host

an infection injures its own tissues and response to infection”

organs’

Jean-Louis Vincent et al. Lancet 2013; 381: 774-75 SingerM et al. JAMA.2016;315[8]:801-810
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Brand new definition of sep5|s (seps.s 3

SEPSIS CLINICAL CRITERIA
~—— CHANGE IN:

] 'N FECION SEPSIS-RELATED
ORGAN > 2
FAILURE —
ASSESSMENT

|
W\ iyPOTENSION OR (XL WPLATELETS
3A VASOPRESSORS G 0
CREATININE,
BILIRUBIN (IWoLiGuria

Mervyn Singer, et al. JAMA 2016

W Pa0,/ Fio,
{ARDSY
GLASGOW
COMA SCALE




ettt g
eisorsos ™ -

Tissue hypoperfusion 'oss of barrier function:
Increased coagulation | Decreased anticoagulation
Susceptible Host B i e
Tissue - 3 1 /.
1T Tissue factor pathway g '. ° = .#sma S1P1
factor AR 1 Endothelial PARl’K» i
protein C receptor 1 S1P1
0 3|28 j 1 Antithrombin 1 Protein C
. -morbid S
CO Or 1 1tles = 1 Activated protein C 1T Angiopoietin 2
A S NETs U Activated Vasodilatation and 1 thrombin
® ge = with trapped protein C 1 Blood pressure
S platelets - ..
i 1 = ' 2 Red-cell -
* Genetic polymorphisms 1 PAL Sy Fibrinolysis P ee Cell shrinkage
1 VE cadherin and and cell death
h N 1 Tight junctions
Thron
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» Capillary leak
SEPSIS f and interstitial
edema
. . Loss of
[ oo h)’POPe"fUSmﬂ ]
Release of " Mitochondrial . s
mitochondrial - dysfunction — 1 Tissue oxygenation
contents l
Organ failure

N Engl J Med 2013; 369:840-85
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Host factor of Sep5|s . ,

Healthy person with meningococcemia CO'morbidity Immune dySfunCtion
=== Elderly patient with malnutrition and diverticulitis
== Patient with diabetes, chronic renal failure, and pneumonia l Neutl‘Oph” ChemOtaXIS after StImU|atI0n
. DM
g A~ Blunted inflammatory response to endotoxemia
= Uremia Functional abnormalities of neutrophils, monocytes, dendritic cells,

and lymphocytes

Immune Status
Normal

|Numbers and functions of Kuepfer cells,

Liver Cirrhosis | Impaired phagocytic function of neutrophils

Hypoimmune

Downregulation of pro-inflammatory cytokine production

Heart Failure NK cells have decreased sensitivity to activation by IL-2 and IFN-r

N Engl J Med 2003; 348:138-150
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Definition of septic shock ‘

SEPTIC SHOCK

“Septic Shock is defined as ajsubset of sepsis T
In which underlying circulatory, cellular, anc [SEPSIS]-I- i (| il
metabolic abnormalities are associated with a a ND

greater risk of mortality than sepsis alone”

SERUM LACTATE
N LEVEL
218 mg/dL

C>..
3

SingerM et al. JAMA.2016;315[8]:801-810 IN THE ABSENCE OF HYPOVOLEMIA
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Management of septlc shock

Sepses C
st | (NN |67 pages.

S c

Seons
Gusdelres for Mansgoment of Sepsis and Septic
Shock: 2018

81 pages
ving Sepsis Campalgn International
uidelines for Management of Sepsis and
Shock 2021

fav ame0s. cm e e e e c——

—m ==
pnrmooLCTION P
s

Figure 1. Surviving Sepsis Campaign (SSC) guidelines publication timeline and metrics. Guideline mastheads are displayed from original
2004 publication through the 2021 revision. The timeline displays and contrasts page numbers and numbers of references. To the left is
the original SSC logo (2004 and 2008 editions) and the revised logo (2012 and forward).

Critical Care Reviews 2021
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Recommendations in SSc guid [

1. Screening and early treatment (n=10)

2. Infection (n=21) Recommendations
3. Hemodynamic management (n=14) IN su rviving sepsis
4. Ventilation (n=12) Campaign 2021

5. Additional therapies (n=16) Guideline (n:93)

6. Long-term outcomes and goals of care (n=20)
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quick SOFA, SIRS, NEWS or MEWS

Table 2. Distribution of Signs Meeting SIRS Criteria in Patients with Severe Sepsis, According to SIRS-Positive

B EDS, D E CR'TER,A and SIRS-Negative Status.*
Patients with SIRS-Positive Patients with SIRS-Negative

SEPSI

&m

All Patients Severe Sepsis Severe Sepsis

7 ~ \ Variable (N=109,663) (N=96,385) (N=13,278)
I‘J SIRS criterion met— no. (%6)F
o RESPIRATORY)ZZ Abnormal temperature 64,365 (58.7) 62,430 (64.8) 1,935 (14.6)
{ RATE e High 33,059 (30.1) 32,605 (33.8) 454 (3.4)
( Low 36,130 (32.9) 34,599 (35.9) 1,531 (11.5)
Increased heart rate 83,493 (76.1) 80,747 (83.8) 2,746 (20.7)
QU'CK { -'i Increased respiratory rate or 76,558 (69.8) 74,043 (76.8) 2,515 (18.9)
decreased Paco,
SEPS'S- RELATED Abnormal white-cell count 76,823 (70.1) 73,365 (76.1) 3,458 (26.0)
A ALTERED High 64,720 (59.0) 61,602 (63.9) 3,118 (23.5)
ORGAN COGNITION Low 12,967 (11.8) 12,616 (13.1) 351 (2.6)
F Mo. of SIRS criteria met
A,LURE Median 3 3 1
ASSESSM ENT Interguartile range 2-4 2-4 1-1
Distribution
>1 96,385 (87.9) 96,385 (100) 0
0 2,624 (2.4) 0 2,624 (19.8)
SYSTOL’C 1 10,654 (9.7) 0 10,654 (80.2)
BLOOD 2 26,820 (24.5) 26,820 (27.8) 0
PRESSURE 3 41,315 (37.7) 41,315 (42.9) 0
4 28,250 (25.7) 28,250 (29.3) 0

We recommend against using gSOFA compared to SIRS, NEWS, or MEWS as a single screening tool for sepsis
or septic shock (strong recommendation, moderate-quality evidence)

N Engl J Med March 17, 2015
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Total Weight M-H, Randoin, 95% CI1

HighLactate  LowLactate
Study or Subgroup Events  Totad Events
1.4 Cut off point of about 2mnwlL
Bewersdorf 2015 57 122 B 1M 58%
Boulain 2014 73 169 B 1N B1%
Diao 2013 k) 49 a9 69 3.0%
Jansen 2009 18 60 3 8 41%
Ospina-Tascon 2015 47 84 " L1l 37T%
Permpikul 2014 12 38 1 13 08%
Rarrgi 2007 3 7 4 13 1.0%
Thomas-Rueddel 2015 256 523 129 485 81%
Subtotal (95% Cl) 1052 1051 325%
Total events 500 251
Heterogeneity: Tau®= 0.23, Chi*= 23.29, df= 7 (P = 0.002), F=T0%
Test for overal effect Z=5.23 P < 0.00001)
1.1.2 Cut off point of Smmoll
Bao 2015 32 52 14 42 34%
Casserly 2015 2633 6268 3833 13677  94%
Green 2012 62 162 152 1074 7.2%
Hermandez 2012 1 B 1 9 0.4%
Hermans 2012 8 " 9 3B 1.4%
Jasso-Contreras 2015 10 40 1 27 08%
Kang 2011 7 47 30 n 4.0%
Mikkelsen 2009 96 255 94 575 7.4%
Moare 2008 15 30 3 0 1.7%
Ranzani 2013 188 | 435 1567 8.4%
Rech 2015 33 52 48 117 45%
Skin 2016 a7 349 62 53A 7.2%
Uvizl 2015 109 189 195 560 T7.4%
Vorwerk 2009 26 53 7 105 43%
Subtotal (95% Cly 7895 18431 67.5%
Total events 3338 4905

Heterogeneity: Tau®= 0.08; Chi*= 48.16, df= 13 (P < 0.00001);1*= 73%

Test for overal effect Z=9.11 { < 0.00001)

Odds Ratio

Oidds Ratio

it
’

M-H, Random, 95% CI1

3.07 [1.85, 5.09
3.27[2.04, 5.26)
15.11 [5.98, 38.20
1.02(0.49, 214
4.62([2.09,1027
5.54(0.64, 47,67
1.690.25,11.34]
250(1.91, 3.26
3.21[2.07, 4.97]

3.20[1.37, 7.49)
1.86[1.75,1.98)
376262 5.39
1.60 [0.08, 31.77]
8.00[1.74, 36.81]
8.67[1.04,72.32
1.84 [0.88, 3.89]
309221, 437
12.33[3.11, 48.89
2.56 [2.04, 3.27)
241123 473
2.01[2.04, 419
2.55[1.82, 3.57]
2.78[1.39, 557
2.79[2.24, 3.49]

Bt

Lactate I,’ SvO,
Systemic O, -7 :
Consumption =t E
(ml/min/m’) <
/ I
S8 i
’ ]
=
i | Critical O; Delivery
. g Threshol,
g :
% I
|
, |
P L]
l’ '
Systemic O, Delivery (ml/min/m”)
. Systemic
MAP | CVP | Sev02 | Lactate | C*9% | yascular Trcatment o
Index A Comments
Hypovolemia Variable ! 1 1 ! T Volume
Compensated and . Vasopressors, low
vasodilatory NO"I"‘ or| Normal 1 Variable 1 ! dose corticosteroids
o Increased BNP
My m“rd.ml Variable t ! 1 DogaLes Normal or 1 levels, Inotropic
Suppression !
Therapy
2 '“"”""“‘?‘!‘ “f Yariable | Normal 1 T Variable = Nm:ml Vasodilators, r-APC
tissue O, utilization or !

Total (95% CI

Total events 3838

Heterogeneity: Tau?= 0.11; Chi*= 82,58, df= 21 (P < 0.00001); I*= 75%

SM47

5156

Test for overall effect Z=10.70 (P = 0.00001)
Test for subaroup differences: Chi*=031.df=1(P=058).F=0%

1482 100.0%

2,92 [2.40, 3.55]

. .{Hi*{ﬂ [ | ¢+‘

I |

0m

01
Favours [experimental]

1 10 100
Favours [control)

For adults suspected of having sepsis, we suggest measuring blood lactate (weak recommendation, low-quality evidence)

Otero RM, et al. Chest 2006

Genglong Liu, et al. Int J Exp Med 2017



l Tissue perfusion ,

Category Parameter Endpoint Suggeste:d
measurement interval
Perlphgral Capillary refill time <45 sec 15-60 min
perfusion
Skin mottling Absent - Skin mottling (knee, abdomen)
Peripheral temperature Warm
Peripheral perfusion index >1.4 Continuous . Capi"ary refill time (|5 sec pressure)
Tissue oxygen saturation > 70%
Venous oxygen Central > 65-70% Continuous * Index finger (2.4 sec)
saturation
Mixed > 60-65%
_ * knee (4.9 sec)
Acrterial lactate Absolute value < 2 mmol/L 2 hours
Clearance > 20%/2 hours
Urine output > 0.5 mL/kg per hour 15-60 min 2 bi:
SCORE 2 SCORE 4

For adults with septic shock, we suggest using capillary refill time to guide resuscitation as an
adjunct to other measures of perfusion (weak recommendation, low-quality evidence) Dunser et al. Critical Care 2013
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Initial resuscitation -

Hour-1 Bundle Surviving SGD‘SiS";
Campaigne
Initial Resuscitation for Sepsis and Septic Shock (begin immediately):
—O 00— The Five key elements of hour-1 bundle
st oy P S i

rime sere/Time Fresenaten °£:!JI:::;°:§°J‘Z§§::? 1. Measure lactate level. Re-measure if initial lactate is >2mmol/L
xrm’{m‘ o “lime [! L‘NEHJ‘III(II ] pressure mm Hg.

defined as the fime of triage

Begin rapid
administration of
30 mi/kg crystalloid
for hypotension or
lactate > 4 mmol/L

o \ 2. Obtain blood cultures prior to administration of antibiotics

3. Administer broad-spectrum antibiotics.
4. Begin rapid administration of 30 mi/kg crystalloid for hypotension or

Measure lactate level,

Remeasure actate if inta lactat:
egated (> ImmolL)

. >
—
Obtain blood cultures

before administering
antibiotics.

lactate > 4mmol/L.

5. Apply vasopressors if patient is hypotensive during or after fluid
resuscitation to maintain MAP > 65mmHg

Critical Care Reviews 2021
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l Fluid management *

Recommendation in SSc 2021

For adults with sepsis or septic shock, we recommend using crystalloid ——

as firs-line fluid for resuscitation
(Strong recommendation, moderate-quality evidence)

Fluid type

For adults with sepsis or septic shock, we suggest using balanced

crystalloids instead of normal saline for resuscitation
(Weak recommendation, low-quality evidence)

For patients with sepsis induced hypoperfusion or septic shock, we
suggest that at least 30 mL/kg of intravenous (1V) crystalloid
fluid should be given within the first 3 hours of resuscitation.

(Weak recommendation, low-quality evidence)

Volume

Surviving sepsis campaign: international guidelines for management
of sepsis and septic shock 2021, Intensive Care Med 2021
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Balanced crystallmd VS Norm l QH'M

Crystalloid Fluids

: Nat  CI K*  Ca* Glucose Osmolarity e Typical
G mEgl  mEqL mEqL mEglL gL BN mOsmiL ol Indication
‘ ' ~ 24 mEq/L
0.9% saline ’ . . . . .
(aka. nomalaline” orNS) lsotonic’  Resuscitation 0.9% Saline Isotonic \I;I&(/)[?g;::shflr(elﬁ(lll)(;_l aiIC)IOSIS,
0.45%’saline 7 77 0 0 0 0 154 Hypotonic ~ Maintenance
ek Lactated
3% saline 53 513 0 0 0 0 1026 Hypertonic Hypienvafr’:mia Ringer’s Balanced Hypotonic, lactate, Ca++
. solution
D5%NS+20meqkCL 77 97 20 0 50 0 446 Hﬁ’e"‘:"r‘f 2 Maintenance )
el Plasma Isotonic,
.. Hypernatremia solution Balanced Acetate, Gluconate
D5W 0 0 0 0 50 0 252 Hypotonic Hypoglycemia
Lactated Ringer's (LR) / Lactate . o
Harmanns salition 130 109 4 3 0 28 mEqL 273 sotonic Resuscitation

GrepMed
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Controversies on-

balanced crystalloid vs normal sal

Trial (enrolled number) Main outcome
SPLIT (n =2,278) (through Day 90) No difference RRT (Log-rank P=.85), mortality (Log-rank P=.32)
Decreased major adverse kidney event (adjusted OR 0.90 (0.82-0.99), p = 0.04)
SMART (n = 15,802) No difference in 30 d mortality (adjusted OR 0.90 (0.80-1.01), p = 0.06)

Decreased mortality in sepsis (OR 0.80 (0.67-0.94), p = 0.01)

Network Meta-analysis

: . ]
of 23 studies (n = 14,659) Decreased mortality (OR 0.84 (95% ClI, 0.74-0.95)

No difference in 90d mortality (adjusted hazard ratio 0.97 (95% CI 0.90-1.05), P = .47)
No difference in 90d mortality in sepsis (adjusted hazard ratio 0.93 (95% CI 0.82-1.06), P = .39)

No difference in 90d mortality (adjusted hazard ratio 0.97 (95% CI 0.90-1.05), P = .47)
No difference in 90d mortality in sepsis (adjusted hazard ratio 0.93 (95% CI 0.82-1.06), P = .39)

Paul Young, et al. JAMA 2015

Metthew W Semler, et al. NEJM 2018
Chien-Hua Tseng ,et al. Crit Care 2020
Fernando G Zempieri, et al. JAMA 2021
Simon Finfer, et al. NEJM 2022

BaSIC (n =11,052)

PLUS (n = 5,037)




l Fluid volume and

Y
outcome

Variahle Martality Dielayed Hypotension 1CU Admit ICU LS Intubation

OR(95% CT) P OR (95% C1) po OR(M%CH  p pos% Cl) P OR (95% CI) r
3afiers” 132(1L03-24) QO35 142(102-199)  O0d0  077(06-1.0) O0ER  20405-36) G010 L20(07R-184) 0414
12172 < - 46 - L 2 - ? 3 - T2

MEDGsmrb LIS(LI-123)  <addl 100 {098-105) 0546 LOS(10-11y <ddd)  0201-04) 062 103099108 0l

v i )T i) ) 1 ¥ B T =70 3 _

Time to ABx" LOZ{0.98-107) 0362  L02{0.97-1.08) 0392 LOD{1O-1.1y 069  002(-02-0.3) O8R6 LOO{0D95-106) 0919
Chesity 074 (043-1.13) 0038 103(D72-146) 08B LID(OR-15) 0327 —02(-18-14) ORl6 [46(005-224) 0.083
Male Sex 063 (044089 Q09 073 (0561000 0053 093(07-1.2) 038D -0.7(-20-04) 0305 LOG(0.T2-1.54) 0.742
E5SRD L2V070-2.07) 0471 LA2{D94-2800 0084 L3S(0E-22) 0211 1O0-1.2-32) 0371 DA3(042-1.64) 0583
HF L34 090-2000 0149  148(L02-216) 0038  LT1{12-24) Q02 04(-12-19) 0653 0RR(D55-140) 0590
Shaosck 105 {0.69-1600 0822 TEO(SS9-10940) <0400 298(22-40) <280 -10{-27-07y 0234 L9R({123-321) oo
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Protocol based “golden hours” in
the initial management of septic
shock (EGDT)

» Protocolized Care for Early Septic Shock
(ProCESS) trial-US

« Australasian Resuscitation in Sepsis Evaluation
(ARISE) trial-ANZIC

» Protocolised Management in Sepsis (ProMISe)
trial-UK

HI Kuttab, et al. Crit Care Med 2019
SSC guideline 2021, Intensive Care Med 2021
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Fluid volume and outcome

Restricting volumes of resuscitation fluid in
adults with septic shock after initial
management: the CLASSIC trial

Association Between Volume of Fluid
Resuscitation and Intubation in High-Risk
Patients With Sepsis, HF, ESRD, LC

Kaplan-Meier curve for time to intubation

1.0 -
Log-rank, P = .6424 group
S 0.8 -
2 U. — < 30 mL/kg
§ — > 30 ml/kg
E 06 -
e
=]
204 -
=
[}
2 ——
Lo2- {(:—’J:Ci_
0.0 1 . :
0 20 40 60
Time (h)

27/73 (3T%)  39/72 (54%)

Restriction

av
ddddddd

Probability of Survival (%)

Fluid Restriction

CHEST 2020; 157(2):286-292
Intensive Care Med 2016; 42, 1695-1705
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Albumin in sepsis '

The role of albumin as a resuscitation fluid for patients with

sepsis: A systematic review and meta-analysis™ 17 T 1 I _
lalsS, N=1977

Anthony P. Delaney, MD, FCICM; Arina Dan, MD, FCICM; John McCaffrey, MD, FCICM; Simon Finfer, MD, FCICM

Bveres,  Evemes, % OR 0.82 sw%ci (0.67-1.00)

Study ID OR (95% CI) Albumin Control Weight

Rackow et al (32) - 2.08 (0.28, 15.77) 5/7 6/11 0.61

Metildi et al (31) g 0.45 (0.04, 5.81) 10/12 11712 0.84 20% albumln (8 trlaIS)
Rackow et al (33) 1.00 (0.17, 5.77) s/10 5/10 1.14 1 08 0 ( _ )
Boldt et al (20) 1.00 (0.22, 4.56) 5/15 5/15 1.52 OR - 95 A) CI 07 168
Boldt etal (19) 0.73 (0.15, 3.49) 4/15 5/15 1.67

Boldtetal (21) 1.33 (0.30, 5.91) 7/14 6/14 1.37

o72(015.3569  ans  sne 163 4-5% albumin (9 trials)
— - 1.88 (0.39, 9.01) 6/14 4/14 1.04 OR 0.76 95% CI (061_095)

Boldt etal (22)

Boldt etal (23)

|.-..-ﬂ...."§,. I I

Boldt et al (24) ‘ Lo——— 1.29 (0.64, 2.58) 25/75 21/75 6.38
The SAFE study investigators (4) " == ‘ 0.81 (0.64, 1.03) 185/603 217/615 67.91
Veneman et al (35) " T -4 1.31 (0.26, 6.72) S/8 14/25 1.16 - -
Maitland et al (29) : 1.19 (0.23, 6.11) 4/23 3/20 1.21 VS. Sallne (7 trIaIS)
Maitland et al (30) —o— : 0.17 (0.04, 0.80) 2/56 11/61 4.63
ooy .

Akech et al (26) < - : 0.12 (0.01, 1.05) 1/44 7/44 3.12 O R O 78 95% CI (O 62_0 99)
Friedman et al (28) ? 0.85 (0.23, 3.21) 5/15 10727 217 " " "
van der Heijden et al (34) #‘ 0.79 (0.11, 5.49) 2/6 7/18 1.06
Dolecek et al (27) —— : 0.51 (0.13, 2.07) 4/30 6/26 2.54
Overall (I-squared = 0.0%, p = 0.728) o 0.82 (0.67, 1.00) 279/961 343/1016 100.00

:

1

T | T

5 s 1 2 1o Crit Care Med 2011: 39:386 —391
Pietro C, etal. N Eng J Med 2014
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Vascular properties of Vasoactiv M@Mé

CI PVR SVR PVR/SVR Tachycardia Renal®/metabolic

Vasopressors Dose related

. Arterial Oz ] - actic acidosis
DO: =8 Cardiac output [ N Lactic acid
content PHE - _ |

Pre | Oad Dopamine + +/- + + +t Natriuresis

Afte rload Epinephrine - ++ - ++ Lactic acidosis

Low-dose AVP - - - - Diuresis ++

Inotropes

Dobutamine ++ - - - +

<5 pg/kg/min

e Inodilators
Contractility
PDE IIIs ++ | - - - +/-
Levosimendan ++ | -

Critical Care 2010;14:R169



D e partment

0 min

Smin

15 min

Timing & First-line vasoactlve

Recognize decreased mental status and perfusion,
Begin high flow O,. Establish IV/10 access.

T e
Ei M

Initial resuscitation: Push boluses of 20 cc/kg isotonic
saline or colloid up to & over 60 cc/kg until perfusion improves or
unless rales or hepatomegaly develop.

Correct hypoglycemia & hypocalcemia, Begin antibiotics,

JW

Fluid refractory shock:Begin inotrope [V/10.

use atropine/ketamine [V/10/IM
fo obtain central access & airway if needed.
Reverse cold shock by titrating central dopamine
or, if resistant, titrate central epinephrine
Reverse warm shock by titrating central norepinephrine.

e

Catecholamine resistant shock: Begin hydrocortisone
if at risk for absolute adrenal insufficiency

L1111

10 SOAP II . VASST
P=0.07 by log-rank test ! P= 027 P=0.10
g 30 = 03 ltl.l at day 28 at day 90
2 1. '
§ Norepinephrine 2 089 1
£ 60 @
- 6 079 " |
s Dopamine Fo "-::"‘-" )
& 407 Z 064 t_"‘-—-. —_—— Vasopressin
3 3 R
lf zm P]V Slaﬂ -g " g 0.54 E """"" LT, s
H & ] : Norepinephrine
inotrope. "
0 ! ! T J J J ! 0.0 T — T T T T T 1
0 4 & 12 1. 0 u 0B 0 10 20 30 40 S0 60 70 8 90
Days since Randomization Days since Initiation of the Study Drug
No. at Risk No. at Risk
Norepinephrine 821 617 553 504 467 432 412 394 Vasopressin 397 301 272 49 240 234 232 230 226 220
Doparmine 858 6Ll 546 404 452 426 407 336 Norepinephrine 382 289 247 230 212 205 200 194 193 191

dose range:
dopamine up to
10 meg/kg/min,
epinephrine

0051003
meg/kg/min,

Figure 2. Kaplan-Meier Curves for 28-Day Survival in the Intention-to-Treat

Figure 2. Kaplan-Meier Survival Curves for Patients Who Underwent Ran-
Population.

domization and Infusion.

N. Engl. J. Med. 2010 N. Engl. J. Med. 2008

Decreased Mortality: RR 0.98 (95% CI 0.81-0.98)
Decreased Arrythmia: RR 0.48 (95% CI 0.40-0.58)

For adults with septic shock, we recommend using norepinephrine as the
first-line agent over other vasopressors. (strong recommendation, high-quality evidence)

Surviving Sepsis Campaign: International Guidelines for Management of
Severe Sepsis and Septic Shock: 2012
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Blood pressure target -

SEPSISPAM

. No. of Target MAP 3
Referen Tolg : = 737 §
ererence StUdy des o) patients (mmHg) E Low-target group
e igh-target grou —

LeDoux et al. Prospective cohort 10 65,75,85 @ 5o High-arget group
(2000) 2
Bourgoinetal. ~ RCT 28 65, 85 e
(2005) S
Deruddre etal.  Prospective cohort 11 65,75,85 0
(2007) 0 28 60 90
Jhanji et al. Prospective cohort 16 60, 70, 80, 90 Day
(2009) Valuable Low High p value
Thooft et al. Prospective cohort 13 65,75,85, 95 .
(2011) Primary outcome
Dubin et al. Prospective cohort 20 65,75,85 Death at day 28 132(34.0)  142(36.6) 0.57
(2009) Serious adverse events
Asfar et al. RCT 776 65, 85 Any 69 (17.8) 74 (19.1) 0.64
(2014) Atrial fibrillation 1128  26(6.7) 0.02

For adults with septic shock on vasopressor, we recommend an initial target mean atrial pressure (MAP) of 65 mmHg over
higher MAP targets. (Strong recommendation, moderate-quality of evidence)

Asfar et al. N Eng J Med 2014
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l Vascular approach in vasoac“MHHHH%

y

Delayed initiation of vasopressor
until central venous catheterization

VS

Immediately initiation of
vasopressor on peripheral vein

Vasopressor induced digit necrosis and gangrene

Foot & Ankle Surgery: Techniques, Reports & Cases 2. 2022
J Korean Foot Ankle Soc. 2019
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Vascular approach in vasoact“é QH HH%

. IPVC ICVC
Peripheral vs Central (N=389) (N=548)
Median time (h) from ED to vasopressor commencement (IQR) 2.4 (1.3-4.1) 4.9 (3.5-6.6) <0.001
Median [IQR] time (hours) from ED to commencement of norepinephrine 3.0(.7-4.7) 5.0 (3.6-6.6) <0.001
Extravasation Incidence Local tissue injury (N=204)  Extravasation (N=114)

38 events (3.4%, 95% CI 2.5-4.7)

Distal (saphenous vein, hand, forearm, leg, wrist, foot, arm) 174 (85.3%) 39 (34.2)

Proximal (Antecubital fossa, neck, thigh, scalp/head, trunk) 120 (9.8) 13 (11.4)

For adults with septic shock, we suggest starting vasopressors Peripherally to restore MAP rather than delaying initiation
until a central venous access is secured. When the using vasopressor peripherally, they should be administered only for a short

period of time and vein in or prOXimal tO the anteCUbitaI fossa. (Weak recommendation, very low quality of evidence)
Anthony Delaney, et al., Emerg Med Australas. 2020

David H tian, et al., Emerg Med Australas. 2020
Osama M Loubani, et al., J Crit Care. 2015



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

MAP target not achieved
and judged

poorly responsive to NE

\ 4

g Add vasopressin up to )
0.03 units/min to achieve

MAP target*

y ¥

MAP target MAP target
achieved not achieved

{ Add epinephrine up to

add vasopressin 0.03 units/min
with anticipation of decreasing
norepinephrine dose

p _ — \
Continue norepinephrine alone or J

* Consider IV steroid administration
** Administer IV steroids
¥*% §SC guidelines are silent on phenylephrine

20-50 pg/min to achieve MAP
target**

U iR
LI I
Refractory shock state on NE CIV

Recommendation in SSc 2021

For adults with septic shock on norepinephrine with inadequate MAP
levels, we suggest adding vasopressin instead of escalating the dose of
norepinephrine

(Weak recommendation, moderate-quality evidence)

In our practice, vasopressin is usually started when the dose of
norepinephrine is the range of 0.25-0.5 mcg/kg/min

(Weak recommendation, low-quality evidence)

For adults with septic shock and inadequate MAP levels despite
norepinephrine and vasopressin, we suggest adding epinephrine

(Weak recommendation, low-quality evidence)

For adults with septic shock and cardiac dysfunction with persistent
hypoperfusion despite adequate volume status and arterial blood pressure,

we suggest either adding dobutamine to norepinephrine or using
epineph rine alone (Weak recommendation, low-quality evidence)

Surviving sepsis campaign: international guidelines for management
of sepsis and septic shock 2021, Intensive Care Med 2021
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Consider 1V steroid administration

ADRENAL APROCCHSS _ _
O [ Recommendation in SSc 2021
iz E
Lz - § __ Hdrocortsonesfudrocortsone : : : :
: - § o . |For adults with septic shock and an ongoing requirement
B ceto 5 S 074 r o -
S E -1 5 £ for vasopressor therapy, we suggest using IV
I =1 §% [ corticosteroids
2 e ) o o R % Z‘ [ (Weak recommendation, moderate-quality evidence)
g £ 02 i
e,  Fsi ol , peeoot 1The typical corticosteroid used in adults with septic
I " a7 |shockis IV hydrocortisone at a dose of 200mg/day
Antibiotics g R given as 50mg IV every 6 h or as a continuous infusion
Norepinephrine 0.9+
— P It is suggested that this is commenced at a dose of
ES o Hydrocortisone +fludracortisone = = = = =
—_A § | crme Inorepinephrine or epinephrine > 0.25-0.5 meg/kg/min
Escalation-deescalation strategy t;% 0.54 - g gt H.S.’h;rho
Antibiotics 25 0 ~
P ruid 31 o Tl
22 =)
Norepinephrine & 02 o
Epinephrine* 015 ﬁ_ p<0.006
Vasopressin® 0.04- . . T .
| Metabolic resuscitation (Hydrocortisone/Ascorbate/Thiamine) . v : l.):ys & » Surviving sepsis campaign: international guidelines for management
Lo of sepsis and septic shock 2021. Intensive Care Med 2021




Antibiotics
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l Time to antlblotlcs

Adjusted odds ratios of in-hospital mortality, stratified by clinical

Time to treatment and mortality sepsis subtype.
10 , . 35 [Sepsis protocol Unadjusted Odds Ratio [95% CI] — Omnibus P-Value
.U 1 _— M
Survlval -fracnon . Crude Hours to competion of 3-hr bundle
) === cumulative effective - . | e v ol TR i
S 08 antimicrobial initiation = . —8— Risk adjusted ; e 104 (102-106)
= b 30 y PO S— 1,04 (1.01-1.07)
8 M g 7 5 i 107 (1.05-1.10)
L
E 0'6 [ Ttu Hours to initiation of antibiotics
0 o ) S— 1,03(1.00-1.05) 0,045
o = — 1,04 (1.02- 1.08)
0 04 - —_— ; T 102099 1.0)
c = 3 —— 1.07(1.05-1.10)
o
% 0 2 g Hours to IV fluid bolus com pletion
4 Hour V fluid bolus cor i€
@ - i 20- 0 . 096 (0.92-1.00) 0407
Y - 3 S — 100 (097-1.04)
& :
oo LMARTRINIFININIR IL Eal | L g tn
A g \ \ e 7\ %)
07& 6\0 %) ‘300 000 \700 6:9& 0.90 0 \'2; U?y ¢ 0 —r T T T T T T T T T 1 T T T T
(Y 1% -00 '\90 o 1 2 3 4 5 6 7 & 9 10 11 12 060 08 1.00 1510
time from hypotension onset (hrs) Time to Administration of Antibiotics (hr) e o

For adults with possible septic shock or a high likelihood for sepsis, we recommend administering antimicrobials
immediately, ldeally within 1 h of recognition (Strong recommendation, low-quality evidence)
Ferrer R, et al. Am J Respir Crit Care Med 2009

Seymour CW, et al. N Eng J Med 2017
Yang A, et al. Crit Care 2023



l Time to antibiotics .

Subgroup No. of Patients Odds Ratio (95% Cl) . . . . . . . . L . .
Risk-adjusted odd ratios for in-hospital mortality associated with antibiotics in 1h

All patients 49,331 1.04 (1.02-1.05)

Vasopressor use
Yes
No

Administration of broad spectrum
|n_hospita| antibiotics in 1h

o 105 (1.03-1.07)
1.02 (1.00-1.03)

mortality Yes

. 1.04 (1.02-1.06)
(e ting conditi 1)

Congestive heart failure 10,092 —e— 1.06 (1.04-1.09) OR (95 /0 CI)

Hemodialysis 5,207 . 1.06 (1.03-1.09) .

Chronic respiratory failure 5,738 Lo 1.06 (1.03-1.09) All part|C|pants (n = 3035)
Site of infecti

Respiratory 19,839 —— 1.03 (1.01-1.06)

Urinary 13,439 —— 1.03 (1.01-1.06) Overall Ref _

Other 16,053 —— 1.04 (1.02-1.06) 078 (061 099) 0046
Bacteremia

Gram positive 7,175 —— 1.01 (0.98-1.05) H H .

it i Ve 105 (101109, Without septic shock | Ref 0.85 (0.64-1.15) 0.300

Other 965 ————— 1.15 (1.07-1.24)

Non 34,757 . 1.03 (1.02-1.05 . .

e . . e With septic shock Ref 0.66 (0.44-0.99) | 0.049
1.0 11 13
In-Hospital Death In-Hospital Death
Less Likely More Likely

For adults with possible sepsis without shock, we suggest a time-limited course of rapid investigation and if concern for

infection persists, the administration of antimicrobials within 3 h from the time when sepsis was first recognized
(Weak recommendation, very low-quality evidence)

Seymour CW, et al. N Eng J Med 2017
Yunjoo im et al. Crit Care 2022



g imicrobiatchoice

Preceding antibiotics therapy
Colonization MDR pathogen

For adults with sepsis or septic shock and high risk for
multidrug resistant (MDR) organisms, we suggest using
two antimicrobials with gram-negative coverage for

empiric treatment over one gram-negative agent (weak
recommendation, very low quality of evidence)

For adults with sepsis or septic shock and low risk for
MDR organisms, we suggest against using two Gram-
negative agents for empiric treatment, as compared to

one Gram-negative agent (weak recommendation, very low quality of
evidence)

Arulkumaran N, et al. Intensive Care Med 2020
Rottier WC, et al. Clin Microbiol Infect 2018



Intensive Care Med (2020) 46:225-235
https://doi.org/10.1007/500134-020-05929-3

NARRATIVE REVIEW

Antimicrobial-associated harm in critical
care: a narrative review

Nishkantha Arulkumaran', Matthew Routledge??, Sanmarié Schlebusch®®, Jeffrey Lipman®®”
and Andrew Conway Morris®"®

Selection of Mechanisms of
disease resistant bacteria anti-microbial harm

and idi

Infecl ion sue i

() susceptible ) Resistant

AT
Treatment failure \ ‘_jg neurotoxicity
€ spread

Normal flor:

Subsequent
Antibiotic % infection with
T reatment resistant bacteria

hepatotoxicity ——

cardiotoxicity

nephrotoxicity

Mitochondrial Leucocyte
toxicity dysfunctlon

Disruption of microbiomes
(gut, lung, skin)

drug reactions
A tibiotic .
Treatmem \ / L

>

% Mortality
= N W &~ O
o o © o o o

N=628

=

% Mortality
< N W & OO O
O O O O O O O

\
(L HI!
l Antimicrobial-associated unde

ICU mortality

& e HHMMMW

429 av
38.7 i
285 274 e 283 :
237

Hospital mortality Mortality 90 days

De-escalation mNo change m Escalation

N=403

ICU mortality

37.7

21.8 265

442 48.1
32 34.7
246 251

Hospital mortality Mortality 90 days

De-escalation mNo change m Escalation

Nishkantha A, et al. Intensive Care Med 2020
Intensive Care Med 40:32—40 2014



Patients receiving treatment within 24 hours of shock
« Patients receiving no treatment within 24 hours of shock

Proportion of Subjects Alive

0.0

0 2 4 6 B 10 12 14 16 18 20 22 24 26 28 30
Hospital Length of Stay (Days)

(TR
I i
l Antlfungal therapy

M= 142 ag 20 24 P
AOR 95%ClI
100~ value
90 Solid cell tumor with metastasis 6.01 2.97-12.10 .010
__ and
5“; -0 ] Class IV congestive heart failure 4.98 2.53-9.68 017
% 601 ..
- APACHE |1 score (1-point increments) 1.37 1.26-1.48 <.001
E 50 4
g o Inadequate source control 7740 | 215227838 | .001
* 304
. Red blood cell transfusion 6.49 4.06-10.38 <.001
1 Serum albumin (1g/dL increments) 0.42 0.30-0.59 012
Dv
Treatment within 24 Hours: : * N Delayed antifungal treatment | 3375 | 9.65-118.04 005
Adequntc Source Contral: = -

For adults with sepsis or septic shock at high risk of fungal infection, we suggest using empiric antifungal therapy over no
antifungal therapy (weak recommendation, low-quality evidence)

For adults with sepsis or septic shock at low risk of fungal infection, we suggest against using empiric antifungal therapy (weak

recommendation, low-quality evidence)

Kollef M, et al. Clin Infect Dis 2012



Candida colonization at multiple sites

Persons who inject drugs

(i
Risk factors for fungal infectio

Surrogate markers
(e.g. Beta-D-Glucan assay)

Gl tract perforation

Antigen marker
(cryptococcal, histoplasma, blastomyces assays)

HHH!HHMHHHHH

Neutropenia

g

Surrogate markers

Neutropenia

Gl tract anastomotic leaks

HIV infection

(Galactomannan assay)

Immunosuppression

Emergency Gl or hepatobiliary surgery

Sold organ transplantation

Hematopoietic stem cell transplantation

Severity of illness (High APACHE score)

Severe thermal injection

High dose corticosteroid therapy

High dose corticosteroid therapy

Longer ICU LOS

Prior surgery

Hematopoietic stem cell transplantation

Biologic response modifiers

CVC and other intravascular devices

Broad spectrum antibiotics

Biologic response modifiers

Total parenteral nutrition

Acute renal failure and hemodialysis

Diabetes mellitus

Surviving sepsis campaign: international guidelines for management of sepsis and septic shock 2021
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Different types of infections where source contr

Head & Neck

« Sinusitis: aspiration, drainage
« Dental abscess: drainage
« Cervical necrotizing infection:
L debridemeant and drainage

» Brain abscess: drainage

Central nervous system
» Vantriculitis: drain removal

For adults with sepsis or septic shock, we recommend

Sl abcoss: danage s rapidly identifying or excluding a specific anatomical

_oeicesssociaeainiecion ) d1agnosis of infection that requires emergent source
.Séé‘fn?a'ki?‘(?fé?;;??;?é‘ﬂmac control and implementing any required source control

device: removal

- Lo tem catreters: emovalJ intervention as soon as medically and logistically
(5 STEPS TOWARDS A SUCCESSFULL PERSONALIZED APPROACH FOR SOURCE 1 practical (Best Practice Statement)

Heart
» Endocarditis: debridement,

resaction, valve replacement
g » Pericarditis: drainage*

J

CONTROL IN SEPSIS AND SEPTIC SHOCK:

1. Maximal effort for diagnosis 4. Resolutely but not excessive |
2. Multidisciplinary management 5. Continuous reassessment ] . . e slhale
| 3. Promptly but not aggressive ) For adults with sepsis or septic shock, we recommend
o R = e = | prompt removal of intravascular access devices that are
« Abdominal abscess: drainage* = - - . o o
e C__eewumay ) g possible source of sepsis or septic shock after other
g Skin and soft tissue including ) . Catheteir associated infection: .
| surgical site infection | e s vascular access has been established (Best practice Statement)
» Necrotizing skin and soft tissue decompression
infection: drainage, debridement * Kidney abscess: drainage”
+ Postoperative surgical site * Pelvic abscess: drainage®
infection:drainage + Tubo-ovarian abscess: drainage®
+ Surgical site: drainage, * Retained products of conception:
\ debridement J removal
5 STEPS TOWARDS A SUCCESSFULL PERSONALIZED APPROACH FOR SOURCE
CONTROL IN SEPSIS AND SEPTIC SHOCK:
1. Maximal effort for diagnosis 4. Resolutely but not excesslve
2. Multidisciplinary management 5. Continuous reassessment ;
3. Promptly but not sggreseive De Waele, J.J., et al. Intensive Care Med 2022

Bloos F, et al. Crit Care 2014
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l Takehome Message B

dDefinition: sepsis-3
» Sepsis: infection + organ dysfunction (SOFA score)
» Septic shock: sepsis + vasopressor + hyperlacticemia

UEarly recognition
+ (SOFA << SIRS, NEWS, MEWS
« Serum lactate, Capillary refill time

U Fluid resuscitation
» Colloid << Crystalloid << Balanced crystalloid
 at least 30 mL/kg within the first 3 h

LVasoactive agents
 Fluid refractory shock state: Norepinephrine >> Vasopressin (NE > 0.25 mcg/kg/min) >> epinephrine
* MAP target > 65 mmHg
* Add corticosteroid (NE or Epi > 0.25 mcg/kg/min)

U Antibiotics and Source control
» Shock or probable sepsis: within 1h
» Possible sepsis without shock: within 3h
* Highrisk MDR, Fungal infection
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