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Oojectve: In 2003, critiesl care and Inkctious disease axperts
representing 11 Inkernational organizaions developed management
quidelings ¥or cevers sepsls and sapbic shick hat would be ol
practical use #or the bedskde ciniclan, under the ausplces of the
Surviving Sapsls Campalmn, & Internalonal effor to Incrasse aware-
ness and mprove outcoma In savere sspels.

[Design: The process Incluged & modified Delphl method, @ can-
SENEUS GOMENence, seweral subsanuant smaller meetings of sub-
qroups and key Individuals, EleconErences, and ekctonic-basad
discission aming subgraups and among he antire committes,

ock: We used & modled Delphl metodology for grading
recommendations, bullt on 8 2001 publicaion sponsored by the
Imtemational Sepels Forum. Wa underiook a sysematic revlew of the
Itterature graded skang five levels bo create rcommendstion grades
from & t E, with & being the highest grade. Pediatric conskerations
were provided o confrast adult and padlairic management.

Resufs Key recommendations, lstad by catagory and not by
hierarchy, Include early goal-drected resuscitation of the septic
patient during the first & hrs afer racognition; appropriate diagnostic
shudkes th sscartsin causative organisms bafare starting antibiotcs;
aaily administration of hmad-specirum snbbiobc harapy; resssss-
ment of anthlotc therapy with micioblology and clinical data to
NAToW COVErsga, when pproprite; a usual 710 days of antbltic
Ihampy quided by clinkal response; source eantol with atiention to

method that balances risks and benafts; equivalencs of crystal-
Iulﬂ and colkld resuschiation; aggresslwe Auld challenge to restore
mean clrcuating Nling pressire; Vasopressor preferenca far norepi-
naphring and dopaming; caurtous use of vasopressin pending hirther
studies; F#oding low-dose dopamie administration r renal protec-
ton; consMaraton of dobutamine Inotropi: herapy In some dinical
situatons; svoldance of supranormal axygen dellvery = a goal of
therapy; strass-tosa seroid therapy r saptic shock; use of recom-
binant athvaied protein © in patiants with severs sepsls and high risk

for death; wih reselution of tssue hypoperfusion and In the absencs
of cornary ariery disesse or oyl hemarhage, Brgeting 4 hemogiobin
of 7-3 7L Appepriale use of frish fozen pasma and pakEkS; & low
‘tidal volume and Imitation of nspiraiory platean pressure strateqy for
acube lung njury and acuts raspirabory distress syndrome; appliction of
4 minma amount of posttive end-explratory pressure In acube Img
njurracite distress syndmme; a semirecumbant bed

BN ks comtrandisated; procals fo weaning and sedation‘analge-
54, uEing efther Ntermittent bolus sdation or conbmous Imuson se-
dation wih dally Inberruptons Aghbening, swidance of NAUToMUECUE
blockers, ¥ & al possible; malnienance of blood glucoss <130 mgid
ATEr it stabliEaton; equivalence oOf CONINUOUS YenD-wno Nemof-
‘tration and Iniemittent hemodidlysls; lack of ulilty of bicarbonaie s
o pH=T.1; use f deep veln thrombosks/stess Wear prophylads; and
corslderation of Imitatien of Support where 3 opriate. Pedlaiic con-
slderalons Included a more Ikely nead for Infubalon due 1o low func-
‘tonal residual capaeity, mere dificult Imiravenous aecess; Nuld resus-
citzlon based onwelght with 40-60 mL%g or higher needed; decreesad
cardiec oulput and Inzressed systemic wscuer resistanes as the mast
common hemadgramic profle; graater wse of physlial examiration
tharapautic and palnts; unsattied Esue ofhigh-tse SkRmks for hermpy
of saptic shock; and greater dsk of Mypogiycsmia with agmressie
glucess contml

Coneiusion: Evldence-based recommendations can be made re-
gardng many aspects of the acute management of sepels and sepb;
shoek that are hoped © translzie Inbo Improved oulcomes for the
critically Il patient. The Impact of these guideines will be Tarmally
tested And quidelnes updaed anmually and even more rpldy &
s0me Important new knowledge becomes svalable. [Crit Care Med
2004; 32:.068-473)
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Sepsis Resuscitation Bundle
{To be accomplished as soon as possible and scored over first 6 hours):

1.
2
3.

4.

Sepsis Management Bundle

Severe Sepsis Bundles:

6 hour

Serum lactate measured.
Blood cuttures obtained pnnrto anhbluhc admmshahnn
From the time of ini; within 3 hours for
ED admissicns and 1 hour for m:ln-ED ICU admissions.
In the evert of hypotension and/or lactate > 4 mmol/L {36 mg/dl):
a) Deliver an initial minimum of 20 nqu of crystalloid {or colloid equivalent™ }
b} Apply vasop for to initial fluid
maintain mean arterial pressure [MAF}> 65 mm Hg.
In the event of i Jon despite fluid itati
lactate > 4 mmoliL {36 mgidl):
a) Achieve central venous pressure (CVP) of 2 8 mm Hg.
b) Achieve central venous oxygen saturation (ScvOg) of = 70%.™

(septic shock) andior

24 hour

(To be accomplished as soon as possible and scored over first 24 hours):

1.

2
3.
4

*See the indivi chart tool for an i chart.
*Achieving a mixed venous oxygen saturation (Sw0z) of 65% iz an accepiable alfemative.

Low-dose steroids™ administered for sepfic shock in accordance with a standardized ICU
policy.

in alfa i with & i ICU policy.
Glucose control maintained = Iower linmit. ofm:lTnaI but < 150 mg/dl (8.2 mmoliL).
il v plateau i <30 em HzO for mechanically ventilated
patients.

2005 Surviving Sepsis Campaizn and the Instinte for Healthcare Improvement
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2012 SEPSIS BUNDLES

TO BE COMPLETED WITHIN 3 HOURS OF TIME OF PRESENTATION :
1. Measure lactate level

2. Obtain blood cultures prior to administration of antibiotics

3. Administer broad spectrum antibiotics

4. Administer 30ml/kg crystalloid for hypotension or lactate 24mmol/L

TO BE COMPLETED WITHIN 6 HOURS OF TIME OF PRESENTATION:

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

6. Inthe event of persistent arterial hypotension despite volume
resuscitation (septic shock) or initial lactate =4 mmol/L (36mg/dl):
- Measure central venous pressure (CVP)
- Measure central venous oxygen saturation (ScvO2)

7. Remeasure lactate if elevated.
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SEPSIS BUNDLE PROJECT (SEP) _l
NATIONAL HOSPITAL INPATIENT QUALITY
MEASURES

SEP-1 EARLY MANAGEMENT BUNDLE,
SEVERE SEPSIS/SEPTIC SHOCK

Discharges 10-01-2015 (4Q15)
through 06-30-16 (2Q16)
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HISTORICAL PERSPECTIVE

accp/sccm consensus conference

Definitions for sis and Organ Failure and
Cs;e'dgols;slnes for ﬂs:;p Use of Innovative Therapies in

SIRS Criteria ( > 2)
X AN » Temperature >38 C <36 C
* Heart rate > 90 bpm

Bl SEPS| F o) ° Respiratory rate >20 /min or a
PaCO2 <32 mmHg
BURNS »  White blood cell count > 12,000 / cu
PANCREATITIS mm or < 4,000 / cu mm, or > 10
bands

A5 BLOOD BORNE INFECTION

CHEST 1992



Special Communication | CARING FOR THE CRITICALLY ILL PATIENT

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

Society of
Critical Care Medicine

The Intensive Care Professionals

JAMA 2016
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SEPTIC

SHOCK

INFECTION

INFECTION

SEPSIS

SEPTIC*
SHOCK

* Elevated lactate



SEQUENTIAL [SEPSIS-RELATED| ORGAN
FAILURE ASSESSMENT SCORE (SOFA)

Score
System ] 1 2 3 4
Respiration
Pao,/Fio;, mm Hyg =400 (53.3) <400 (53.3) =300 (40) <200 (26.7) with <100 (13.3) with
(kPa) respiratory support respiratory support
Coagulation
Platelets, =103 pL =150 <150 <100 <50 <0
Liver
Bilirubin, mq/dL <1.2 (200 1.2-1.9 (20-32) 2.0-5.9 (33-101) 6.0-11.9 {102-204) =12.0(204)
(pmol/L)
Cardiovascular MAP =70 mim Hg MAP =70 mm Hg Dopamine <5 or Dopamine 5.1-15 Dopamine =15 or
dobutamine (any dose)®  or epinephrine =0.1 apinephrine =0.1
or norepinephrine £0.1"  or norepinephrine =0.1"
Central nervious system
Glasgow Coma Scale 15 13-14 10-12 6-9 <h
sCora”
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) =50 (440)
(pmol/L)
Urime output, mL/d <500 <200

Acute change in total SOFA score > 2 identifies organ failure
Mortality risk of approximately 10%



Quick SOFA or gSOFA

ALTERED FAST RESPIRATORY LOW BLOOD
MENTAL STATUS RATE PRESSURE
> 22/ min SBP <100mmHg

In patients with infection a qSOFA
score > 2 is associated with higher
mortality and prolonged ICU stay.



The best available evidence

Intensive Care Med
DOl 10.1007/s00134-017-4683-6
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WHO HERE HAS FULLY
READ THE 2016 S5C
GUIDELINES?




Layers of the SSC Guidelines

Based Tables

s

Fig. 1 The layers of an onion are paralleled to the components of the
guidelines document, reflecting the depth of exploration by the user

SSC GUIDELINE TOOLS

A User’s Guide to the 2016 Surviving Sepsis Guidelines

Dellinger, Schorr, Levy. Intensive Care Medicine 2017. 43(3);299-303.
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D. ANTIMICROBIAL THERAPY

1. We recommend that administration of
[V antimicrobials be initiated as soon as
possible after recognition and within one
hour for both sepsis and septic shock
(strong recommendation,

moderate quality of evidence).






Septic Shock
Pre-Fluid Resuscitation

““In:rtmd

Ventricular
Compliance
Increased
Venous —3 wyp Decreased
[Capacitance +— Arteriolar
Resistance

Dellinger RP. Cardiovascular management of septic shock. Crit Care Med 2003;31:946-955.
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FLUID THERAPY

We recommend that, in the resuscitation of
sepsis induced hypoperfusion, at least 30
ml/kg of IV crystalloid fluid be given
within the first 3 hours (strong
recommendation, low quality of evidence).



Choice opf Fluids

X

PN

Crystalloids Colloids
Ringers Normal Gelatins Albumin

Lactate Saline Hetastarch



mEg/L

0.9% NaCl 154 154 0 | 0
Lactated Ringer's (LR) 130 111 29 “
Hartman's 131 109 29 “
Ringer's Acetate (RA) 130 112 ' 27

Plasma-Lyte®/Normosol-R ® 140 98 “ 27
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Fluid Resuscitation in Sepsis
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I PRELIMINARY
COMMUNICATION

Association Between a Chloride-Liberal
vs Chloride-Restrictive Intravenous Fluid
Administration Strategy and Kidney Injury
in Critically Il Adults

Norazim Mohd Yunos, MD
Rinaldo Bellomo, MDD, FCICN
Colin Hegarty, BSe

David Story, MDD

Liza Ho. MClinPharm
Michael Bailey, PhD

Context Administration of traditional chloride-liberal intravenous fluids may precipi-
tate acute kidney injury (AKI)

Objective To assess the association of a chloride-restrictive (vs chloride-liberal) in-
travenous fluid strategy with AKI in critically ill patients

Design, Setting, and Patients Prospective, open-label, sequential period pilot study

of 760 patients admitted consecutively to the intensive care unit (ICU) during the con-
trol nerind (Fehruare 18 to Auenst 17 2008) comnared with 773 natients admitted




2278 Patients

Postoperative predominant
Median 2 liters fluid
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FLUID THERAPY

4. We suggest using albumin in addition
to crystalloids for initial resuscitation and
subsequent intravascular volume
replacement in patients with septic shock
when patients require substantial
amounts of crystalloids (weak
recommendation, low quality of
evidence)




Compensated Congestive Heart failure






Volume
status

Optimization

Rescue

De-escalation

Stabilization

Kidney Dis (Basel). 2016 Jun;2(2):64-71.
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Interstitial Edema

Brain
edema

Cyto-toxic Vaso-genic Interstitial

Lungs Brain Kidney



Correct balance of fluids and vasopressors
during rescue and
optimization phase is goal




Time to Treatment and Mortality during
Mandated Emergency Care for Sepsis

Seymour, Gesten, Prescott et al. N Engl ]
Med 2017; 376:2235-2244



Cumulative Probability

0.24

0.0

/' ——=3-Hr bundle completed

—— Broad-spectrum antibiotics administered

------ « |nitial intravenous-fluid bolus completed

2 3 4 5 6 7 8 9 10 11 12
Time after Protocol Initiation (hr)

N Engl J Med 2017; 376:2235-2244
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SEPTIC SHOCK

* Recommend MAP 2 65 mm Hg




Mean Arterial Pressure
65 mm Hg 75 mm Hg 85 mm Hg F/LT

Urinary
output (mL) 49 +18 56 + 21 43 +13 .60/.71

Capillary blood flow

(mL/min/100 Q) 6.0+ 1.6 58+ 11 5.3+0.9 .59/.55
Red Cell

Velocity (au) 0.42 + 0.06 0.44 +016 0.42 + 0.06 .74/.97
Pico, (mm HQg) 41 + 2 47 + 2 46 + 2 11/.12
Pa-Pico, (mm Hg) 13+ 3 17 + 3 16 + 3 .271.40

Adapted from Table 4, page 2731, from LeDoux, Astiz ME, Carpati CM, Rackow ED. Effects of
perfusion pressure on tissue perfusion in septic shock. Crit Care Med 2000; 28:2729-2732


Presenter
Presentation Notes
Previous literature supports equivalent tissue perfusion (measured by five different tissue perfusion parameters) between 65 mm Hg and 85 mm Hg of mean arterial blood pressure with norepinephrine in septic shock.  



Asfar P, Meziani F, Hamel JF, Grelon
F, et al. High versus Low Blood-

Pressure Target in Patients
with Septic Shock. N Engl ]
Med. 2014 Mar 18.
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9
S 75
T; Low-target group
g High-target group ==
z 50
2
k:
:
5 25
v
0 I | |
0 28 60 90
Day
No. at Risk
Low target 375 256 233 225
High target 375 249 227 219

Asfar P, et al. N Engl ] Med. 2014 Apr 24;370(17):1583-
93.




CHOICE OF VASOPRESSOR



During Septic Shock

End End
Diastole Systole
End End
Diastole Systole



Presenter
Presentation Notes
This slide demonstrates radionuclide angiography in a patient during septic shock and following recovery.  The top left panel shows end-diastole and demonstrates increased diastolic size of the ventricles (increased compliance), which is thought to be an adaptive mechanism.  The top right image shows end-systole in this patient demonstrating a very low ejection fraction (little change in chamber size compared to end-diastole).  The bottom two frames following recovery demonstrate a decrease in end-diastole volume, smaller ventricle at end systole and therefore significant improvement in ejection fraction.



VASOPRESSORS IN SEPTIC SHOCK
First Norepinephrine
Line / N\
Second Epinephrine Low Dose
Line \Vasopressin

(.01-.03 units/min)

Niche Dopamine Phenylephrine
Drugs (sinus (high cardiac output

bradycardia)

Or Serious
tachyarrhythmias
and salvage)



Vasopressin History



Circulating Vasopressin Levels in
Septic Shock

%

=
[+ o

(=1
i

—
ot ]

=
=

Vasopressin pg/ml

Baseline Hour-6 Hour-24 Hour-48 Hour-926

Figure 2, page 1755 reproduced with permission from Sharshar T, Blanchard A, Paillard M, et al.
Circulating vasopressin levels in septic shock. Crit Care Med 2003; 31:1752-1758



VASST Trial
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Septic Shock

End
Diastole

End
Systole



Presenter
Presentation Notes
This slide demonstrates radionuclide angiography in a patient during septic shock and following recovery.  The top left panel shows end-diastole and demonstrates increased diastolic size of the ventricles (increased compliance), which is thought to be an adaptive mechanism.  The top right image shows end-systole in this patient demonstrating a very low ejection fraction (little change in chamber size compared to end-diastole).  The bottom two frames following recovery demonstrate a decrease in end-diastole volume, smaller ventricle at end systole and therefore significant improvement in ejection fraction.



In a patient with septic shock, what if?

- Adequate tluid resuscitation
*MAP target achieved

«Depressed ejection fraction on bedside
ECHO

« Persistent evidence of tissue

hypoperfusion



G. Vasoactive Medications

5. We suggest using dobutamine in
patients who show evidence of persistent
tissue hypoperfusion despite adequate
fluid loading and the use of vasopressor
agents (weak recommendation, low
quality of evidence).






R
What do we know?

- Low dose steroid therapy reduces time to reversal of
septic shock

o Still controversial as to whether or not there is a
meaningful reduction in mortality.

 The more severely ill and hemodynamically unstable the
patient is the more likely to benefit from stress-dose
steroids.



QQV
Vv

1. Intravenous corticosteroids
(hydrocortisone 200-300 mg/ day, for
7 days in three or four divided doses
or by continuous infusion) are
recommended in patients with septic
shock who, despite adequate fluid
replacement, require vasopressor
therapy to maintain adequate blood
pressure.

2. Some experts would use a 250-ug
ACTH stimulation test to identify
responders (>9ug/dL increase in
cortisol 30-60 mins post- ACTH
administration) and discontinue
therapy in these patients. Clinicians
should not wait for ACTH
stimulation results to administer
corticosteroids.

3. Some experts would decrease dosage
of steroids after resolution of septic
shock.

4. Some experts would consider
tapering the dose of corticosteroids at
the end of therapy.

5. Some experts would add
fludrocortisone (50 pg orally four
times per day) to this regimen.

6.  Doses of corticosteroids >300 mg
hydrocortisone daily should not be
used in severe sepsis or septic shock
for the purpose of treating septic
shock.

7. Inthe absence of shock,
corticosteroids should not be
administered for the treatment of
sepsis. There is, however, no
contraindication to continuing
maintenance steroid therapy or to
using stress dose steroids if the
patient’s history of Corticosteroid
administration or the patient’s

L endocrinehistory warrants. |

We suggest that intravenous
hydrocortisone be given only to
adult septic shock patients after it has
been confirmed that their blood
pressure is poorly responsive to fluid
resuscitation and vasopressor
therapy

We suggest that the ACTH
stimulation test not be used to
identify the subset of adults with
septic shock who should receive
hydrocortisone

We suggest that patients with septic
shock should not receive
dexamethasone if hydrocortisone is
available

We suggest the daily addition of oral
fludrocortisone (50ng) if
hydrocortisone is not available and
the steroid that is substituted has no
significant mineralocorticoid activity.
Fludrocortisone is considered
optionalif hydrocortisone is used
We suggest that clinicians wean the
patient from steroid therapy when
vasopressors are no longer required
We recommend that doses of
corticosteroids comparable to >300
mg of hydrocortisone daily not be
used in severe sepsis or septic shock
for the purpose of treating septic
shock

We recommend that corticosteroids
not be administered for the treatment
of sepsis in the absence of shock.
There is, however, no
contraindication to continuing
maintenance steroid therapy or to
using stress-dose steroids if the
patient’s endocrine or corticosteroid
administration history warrants

We suggest not using intravenous
hydrocortisone as a treatment of
adult septic shock patients if
adequate fluid resuscitation and
vasopressor therapy are able to
restore hemodynamic stability (see
goals for Initial Resuscitation). If this
is not achievable, we suggest
intravenous hydrocortisone alone at
a dose of 200 mg per day

We suggest not using the ACTH
stimulation test to identify the subset
of adults with septic shock who
should receive hydrocortisone

We suggest that clinicians taper the
treated patient from steroid therapy
when vasopressors are no longer
required

We recommend that corticosteroids
not be administered for the treatment
of sepsis in the absence of shock
When low-dose hydrocortisone is
given, we suggest using continuous
infusion rather than repetitive bolus
injections

We suggest against using IV
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 IV
hydrocortisone at a dose of
200 mg per day
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Surviving Sepsis Campaign 2016

- We suggest against using IV 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 IV
hydrocortisone at a dose of 200 mg per day
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BACKGROUND: The global burden of sepsis is estimated as 15 to 19 million cases annually, |
with a mortality rate approaching 60% in low-income countries. '
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METHODS: In this retrospective before-after clinical study, we compared the outcome b
and clinical course of consecutive septic patients treated with intravenous vitamin C,
hydrocortisone, and thiamine during a 7-month period (treatment group) with a control
group treated in our ICU during the preceding 7 months. The primary outcome was hospital
survival. A propensity score was generated to adjust the primary outcome.

RESULTS: There were 47 patients in both treatment and control groups, with no significant
differences in baseline characteristics between the two groups. The hospital mortality was
8.5% (4 of 47) in the treatment group compared with 40.4% (19 of 47) in the control group
(P < .001). The propensity adjusted odds of mortality in the patients treated with the vitamin
C protocol was 0.13 (95% CI, 0.04-0.48; P = .002). The Sepsis-Related Organ Failure

CHEST 2017; 151(6):1229-1238
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‘ ORIGINAL ARTICLE ‘

A Randomized Trial of Protocol-Based Care

for Early Septic Shock 21.0/18.2/18.9%

The ProCESS Investigators* Mortality
N Engl J Med. 2014 May 1;370(18):1683-93.

Over 1500 Patients
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‘ ORIGINAL ARTICLE ‘

Goal-Directed Resuscitation for Patients  18.6/18.7 %
with Early Septic Shock Mortality

The ARISE Investigators and the ANZICS Clinical Trials Group*

N Engl J Med. 2014 Oct 16;371(16):1496-506.

1600 Patients



ProCESS

Enrollment

Antibiotics

Fluids

<2 hours from

detection of
shock

75% received

prior to
enrollment

>2 liters prior ot
enrollment

2.8 hours
(median) from

presentation to
ED

70 minutes
(median) from

presentation to
ED

2515ml (mean)
prior to
enrollment
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Early appropriate fluid resuscitation
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