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Objectives

<> Define sepsis and recognize signs / symptoms of sepsis
<> Discuss and review sepsis bundles and Evidence-Based sepsis care
<> Describe limitations of current definitions of sepsis



Why Is sepsis so important?

Over 30 million cases per year in
the world, estimated 6 million
deaths 52.5

70

Over 750000 cases of severe ;: 3
sepsis per year in the US é

Leading cause of US hospital e
readmissions ;

Increasing incidence

STEMI

Stroke

Severe Sepsis  Ruptured AAA



Groups at higher risk for sepsis

<> Host factors

1 Age, gender, genetics, comorbidities
<> Immunosuppression

1 Underlying disease, medications
<> Exposure risk

[l Community acquired: pneumonia, urinary, wounds, trauma

[l Health care acquired: invasive devices, secondary infections and skin
breakdown



Causes of sepsis

<> Bacterial infections are the most common
1 Pneumonia, UTI, surgery, skin, C. difficile, bacteremia
<> Fungal, parasitic or viral infections can also cause sepsis

<> Unknown (1/3 of all sepsis cases)

Snigdha J. Am J Med Sci 2018; 356:277. Howell MD, et al. JAMA 2017; 317:847



Pathophysiology of sepsis

<> Uncontrolled immune response
1 Widespread neutrophil and endothelial cellular activation

0 Microcirculatory injury, increased permeability and interstitial
edema

<> Widespread coagulation activation

<> Circulatory changes
1 Changes in cardiac output and circulation distribution
0 Increase production of NO, prostaglandins

<> Hypotension, microcirculatory dysfunction, tissue hypoxia, lactic
acidosis, multiorgan failure



34 yo woman with 2 days of
fever, cough, dyspnea. No
significant medical history

On exam VS BP 104/54, HR
120, RR 22, sats 90% RA
crackles in left lung

Admitted to the floor and
started on ceftriaxone and
azithromycin




Is this sepsis?



$ &<

|s this sepsis?

Do we have enough data to make a diagnosis of sepsis?
Do we need additional info? (lactate, creatinine, other labs)

Do we have general agreement among providers when we make
a diagnosis of sepsis?

Sorry... what sepsis definition are you talking about?



Is this sepsis? Consensus definitions

< Sepsis-1, 1991

0 SIRS: 2 or more of temp (<36 or >38), HR (>90), RR (>20), WBC (>12
or <4)

0 Sepsis: SIRS as systemic response to infection

[ Severe sepsis: sepsis plus hypoperfusion or hypotension

0 Septic shock: sepsis and hypotension, no response to fluids
< Sepsis-2, 2001

0 Infection, documented or suspected

0 Long list of parameters and definitions

Snigdha J. Am J Med Sci 2018; 356:277. Howell MD, et al. JAMA 2017; 317:847



Is this sepsis? Consensus definitions

< Sepsis-3, 2014

0 Life-threatening organ dysfunction caused
by dysregulated host response to infection

1 Severe sepsis: new organ dysfunction

0 Septic shock: subset with circulatory and
cellular/metabolic dysfunction, higher risk

of mortality
v Refractory hypotension or lactate >4 mmol/L

Snigdha J.

Neurologic

Change in LOC
GCS<12

Respiratory  —

New BiPAP
Mechanical Ventilation

Metabolic/Hepatic |

Lactate = 2
Serum Bilirubin >

~/  Cardiovascular

SBP < 90 mmHg
SBP Drop > 40 mmHg
MAP < 65 mmHg

Hematologic

Platelets < 100,000
INR> 1.5

™~ Renal

U0 < 0.5 mL/kg/hr
Creatinine > 2 (or > 0.5
from baseline)

Am J Med Sci 2018; 356:277. Howell MD, et al. JAMA 2017; 317:847



Is this sepsis?

<> How certain are you?

Percentage of Responses

Case A Case B Case C Case D Case E
(Control)

h———— m 1 (Not very confident at all
= 30% | w 2 (Weakly confident)

e | u 3 (Somewhat confident)
: I I u 4 (Very confident)

I ¢ b 5 (Absolutely confident)

¥ SIRS W Sepsis W Severe Sepsis W Septic Shock © None of the Above CaseB CaseC  CaseD

Rhee C, et al. Critical Care 2016; 20:89



Diagnosis of sepsis is subjective and highly variable

<> Claims data show increased incidence in
the last several years

<> Different results if data from EHR are used,
instead of coding data

<> Studies have shown that >40% of patients
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who have working diagnosis of sepsis
don’t have it L N e S e w6 AU AL |

Hospitalizations for Which Certain Infection Codes Were Listed as a Primary Diagnosis,
2003-2011.

Rhee C, et al. N Engl J Med 2014; 370:1673



Management of sepsis, SEP-1 (CMS bundle)

(Patients who
received All
of the
following)

Sepsis Bundle Algorithms

D/-01-2021 (3C21] through 12-31-2021 (4(}21)

SEP-1: Early Management Bundle, Severe Sepsis/Septic Shock (Composite Measure)

Withir three hours of presentahnn of severe sepsis

* Initigl Izctate level measurement

* Aroad spectrum or other anfibiotics administered

* llood cultures drawn prinr ta antibioTies
AND received vathin six hours of presantatinr of severe sepsis. ONIY if the inikizl
lzctate is elevated:

* Repedl ladale level megsuivme: L
AND wilhin Lhree hours of initial hypolension

¢ Resuscitation with 30 mL/kg crystallold Aulds
GR within three hours of septic shock:

& Recuscitztion with 30 mi/kg crystzliold flulds
AND within slx hours of septic shock orcscntation, ONLY If nypoicnsion gers sts
after fluid administration:

« Vasopressors are adm nistered
ANID within six hours of sephic shock aresentatinn, if hypatension persists 87er
Huid administration or inttial lactate >= 4 mmal/l

* Repeat vclumsa status and tissue pariusicn assessment is cerformec

Inpatients age 8 and aver with an ICD-10-CV Principal or Other Diagnasis Code of
sepsis, severe segsis or septic snock 235 defined in Appendix A, Table 4.0% and not
2yud! lu U07.1 (COVID-13]

CMS 2021



Sepsis, SEP-1

<>Rory's regulation introduced in NY State in

20 1 3 SEP-1: Early Management Bundle, Severe Sepsis/Septic Shock (Composite Measure)

Withir three hours of presentanion of severe sepsis:

<>SEP-1 measures introduced by CMS in + Inite Izctacefevel measurement

* Aroad spectrum or other anhibiotics administered

20 15 * llood cultures drawn prior ta antibinTics
AND received within <ix hours of pres=antatinr of seuvere sensis. ONIY if the initiz]
lzctate is elevated:

<>RUI€S are pages Iong’ Very Complicated’ = Repedl ladale level medgsuivme:L

AND within Lhiree howrs of invtial hypolension

3 3 H ¢ Resuscitation with 30 mL/kg crystallcid Aulds
very difficult to meet all metrics o2 Mednciubion witi X014 g
& Recuscitztion with 30 mU/kg crystzliold flulds

<>Measu re Stewa rd |S not CMS Or AIVIA Or a AND within slx hours of septc shock orescntation, ONLY If nypotcnsion aers sts

after fluid administration:

professional society, it is Henry Ford A lsbpcestors me sl IRy

AN within six hours of sephic shork aresentatinn, if hypatension persists #frer
Huid administration or initial lactate >= 4 mmal/l

H OS p ita I + Repeat vclums status and tissue paerfusicn assessment is cerformec
<>Seven elements




Surviving sepsis campaign, Oct 21

https://www.sccm.org/Clinical-Resources/Guidelines/Guidelines/Surviving-S
epsis-Guidelines-2021



Sepsis, antibiotics

< Administration of antibiotics W

1 Initiate as soon as possible and Antibiotic
within 1 hour if shock is present Timing

0 If sepsis is possible and shock is
absent administer within 3 hours
If concern for infection persists

Adm nister antimicrobials
Immediately, icdcally




Sepsis, antibiotics within 1-3 hours

N v
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<> Benefit of very early administration (<1 hour)
in ICU patients with hypotension

<> Benefit in ED patients with hypotension
<> Large NYS study in severe sepsis and
hypotension

1 More rapid completion of the bundle and
administration of IV antibiotics associated
with improved mortality
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Liu VX, et al. Am J Resp Crit Care Med 2017; 196:856. Alam N, et al. Lancet Resp 2018; 6:40. Kumar A et al. Crit Care Med 2006; 34:1589. Seymour C, et al. N Eng J Med
2017; 376:2235



Sepsis, antibiotics within 1-3 hours

<> Other studies have not found benefit
] Meta-analysis of >16000 patients found no benefit
[ Large study in England of antibiotics in ambulances showed no benefit

Liu VX, et al. Am J Resp Crit Care Med 2017; 196:856. Alam N, et al. Lancet Resp 2018; 6:40. Kumar A et al. Crit Care Med 2006; 34:1589. Seymour C, et al. N Eng J Med
2017; 376:2235



Sepsis, harm with early administration
of antibiotics for possible sepsis?

Clinical nfectious Oiseasss

MAJOR ARTICLE

Risk of Subsequent Sepsis Within 90 Days After a Hospital
Stay by I'ype of Antibiotic Exposure

James Baggs, John A. Jernigar, Alison Lauter Ha'pin, Lauren Epstein, Kelly M. Hatheld, and L Clitfard McDenald

woon ol H o 3 for Diacean O Pre

Background. We nired the risk of sepsis within 90 days a charge from 2 previous hospital stay by type of anuiblosic
reveives! duri ','-"" wevinns s ay

Methwds.  We retrospectively denlifkad a cohort of bospitalized patients froe the Truven Health MarketScan Hospital Doug
Database. We examined the associat on between the use of certain antibiot ing the initial kospital stay, detexmined a priori,
and the risk of post rarge sepsis controlling for potential confound:ng factors in & multivasiakle legistic regression medel Our
primary exposure was receipt ol antibiotics more stronglv associated with clinically important microbiome disruption. Our primary
outcomea was a hospital stay within Yo d f the mdex stay that 1n, d an International
Clinical Mo non (ICD.9.CM; di

Results.  Arnong ST howoita s, ae andomly selecier’ a single stay Gor eligible patienis In 0 17% of these paienis. severe sepsis/

vere sepsis (JCD.9.CM code ©

seplic shuck yped withi er discharpe. The risk of sepsis assodiated with exposure w0 our high-risk antibiotics was

tcluzions,  Our study identi ar d i s with ) yong paticnts with cxposurc to
high #isk ant:blotics or increased quantities of antibiotice during hesy zation. Givea that a signihcant prosartion of inpatient
anti izl nay be unn ary, this study bulds on pravious esidence cuggesting that increased stewardshup efforts i hos
pitals may nct only prevent antimi & i , Clostridium difficile irfecton, and othar zdverse efects, bar may also reduce
nrwanred ourcomes poven I‘\I!‘\ elared o disrprinn of the micranion, inclndi 1 SEpsia

ords.  sepsis; seplic shock; anti-bacterial agents administrative data: healt-care associated infections.

Annals of Internal Medicine IMpPrROVING |

Public Reporting of Antibiotic Timing in Patients with Pneumonia:
Lessons from a Flawed Performance Measure

Robert M. Wachter, MD; Scott A. Flanders, MD; Christopher Fee, MD; and Peter J. Pronevost, MD, PhD

The: adm jon ol antibolics within € hows W 2alisnls wilt “all-or=r expeclions. Third, epreseaalive end asers of

commurity-acquired pneumonia has been aiticzed = & quality quaality meacures chould partdpate r measurz development.

slandad beGase iU pressares dinicias o rapidly adi F ! ) 1 nl and reoorling progiams sbould oui

biofics desp ¢ uncetainty at the time of patients” initial il < B curas cver ime. Finally, bia betn

presenlatirs. Th ' enlly revised (o € hours) in fi = y influenee quaily measure Jevel-

to thic ertici f bads cf the experence with the ad g< Al increzee the prcka-

rule, U aulh ? ey for e deve- { ! / v wil improve e withoul ueal

opment of future pukl asures. Frst, resulte f t 1 ded consequences

ficm phes wih < A d cevu

tiousy, ¥ ai al pati vithout a diagnosic , for some / Wvv_aanois eg

measwurtss “bands” ol performarnee: may make more seme Ler



Sepsis, harm with early administration
of antibiotics for possible sepsis?

<> Antibiotics for patients without sepsis
1 Overdiagnosis is common
1 Broad spectrum antibiotics and inappropriate duration
[ C. difficile, AKI, liver toxicity, rash, hematologic

[ Selection of MDRO, changes in microbiome, increase in risk of sepsis in future

<> Many experts believe that modest delays may not affect outcomes if the
diagnosis is not clear and the patient is stable



Sepsis, IV fluids

<> In sepsis-induced hypoperfusion
0 30 ml/Kg IV crystalloid within the first 3 hours (weak recommendation)
[ Balanced crystalloids are suggested (LR)



Sepsis, IV fluids

<> NO RCT A 3-HrBurde
<> Retrospective studies suggest

benefits from using a bundle that
includes |V fluids and antibiotics

< Some studies have found balanced
solutions were associated with
better outcomes
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IV fluids, harms?

Morbidity, longer hospital stay, even mortality

Hyponatremia, hyperchloremic metabolic acidosis, AKI, coagulation
abnormalities, volume overload, increased need for transfusions,

outcomes in ARDS

Hoste EA, et al. Br J Anaesthesia 2014; 113:740



IV fluids, how much? Harms?

Comparison of Two Fluid-Management Restriction of Intravenous Fluid in ICU Patients with Septic Shock

Strategies mn Acute Lung Injury e B hecer i b e = L S R
Conservative fluid management or ® e

deresuscitation for patients with sepsis or acute
respiratory distress syndrome following the
resuscitation phase of critical illness: a

Shord) Pl ek [n psticait mith Ak Bag iy i Acksown Diwrcel systematic review and meta-analysis

or fluxd restnction may :mprove lung function but coulc jconardize extrapulmonary

ARITRACNT

orgen perfusion & " . P : i T SACRGROUND
N LI Ot s oIS IOk LTS €9 AL SRS atravencns fhids ars recommended “or the trearment of patients wha are m sep-
fohnL-Marhall:;, Bronagiy Blacewood  and kdcy fan tic shoek, but higher fluid volumes have boen associeted with herm in pationts

METH i i 5
a 0os wio are ‘0 the inzensivz care unit (JCU)L

T rambomized §wly, we conapared 2 amsenctive amd a el sicdegy of Quid

management using explicit protocols applied ‘o seven days in 1000 patierts with o e

acute lung injury. The primary end poin: was death at 60 days. Szcordary end points n 'h"‘ irternational, randomired hL_ ot e e "r_‘ with v?" h“'_k -
1.3 7 c : . Lt the ICU who rad reocived ar least 1 lizer of intrevenous fluid to raceive restricted

includec the number of ventilator free days and organ fFailure frec deys and mce Abstract & + R »
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Wwe earol.ed 1554 patiznes; 770 were assigned co the re ive-fluid group anc 784

28 i s libexal-s 2y L0 =0.30; 95 peroe ideie inlerve ; : i :
284 percent in the liberal-suatezy zroup (F=0.30; 95 percent conlidee interval : stundard-{luid group. Prinaty outcowe data were available [or 1583 patisnis

for ;hc ditfererce, -2.5 to 8.4 p_crcvrnt)r.".‘JcAncan (£50) :UY..KLII’,Vc flaid Halance : SEar ¢ In the 100, erou il 3 sl of 1798wl 6Ein-
curing the tirst seven days was 1362491 ml in the consorvative strategy groud and i ol e : R g I - : fluid (interquartile range, 5 1 rand id group recaived
€992+502 ml m the hibercl-strategy group (P<0.001). As compared with the Liberzl ch 1 s=ah results for i wclusion and urdercak data =xt-actinn and nualir 8 nelud= -an- 2 el o] 3811 il (interguantile wage, 1861 w 5762). A. 20 davs, Jeath liad ve-
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o feund 1 Srery ! seriems adverse eaents occurred at : 1 of 751 petients (29.46) in the
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justed 2dsolute differznce, - o 5 53 99% C 4.3). At 90 days
after randomizatior, the nimbers aof days zlive withont li‘e suapart and caps alive

and out of the hospital were similar in the two grour

fres days (14,6105 va. 12.110.5 P<0.001) 2ud days not spenl ie U inlensive care
unit 4+).4 vs. 11.220.4, P<0.001) during the first 28 days but did no: increase
the incideace or prevalercee of shack during the study or the use of dialysis during
the first b0 days (10 percent vs. 14 percent, P=0.06).
Conclusions: n acdulis Nith A MBI ISIS ¢ A ronservative o Here

CONCIUSIONS in A nereased norber of u $ i engt o7 1011 stay vith a liherl < i COMTLUSICHS

7 Among adult patients with septic shock in the ICU, incravenous fluid rescricton
diel v resull i fewer Seaths 20 90 days than stancdand i venons Moid ther gy

Funded by the Novo Nordisk Feundazion and others; CLASSIC ClinicalTnals gov

Alihough thers was oo significant differeice in (he primary outcome of G-k stendsrd care. Th remains uncertain. Large tar domised triels
uwrtality, the consz:vative stratzzy ol (luid craczgement inproved Lug Cuction and
shortered the duration of mechariczl ventilation and intensive care withou: ir-
g norpulmonary orgar. failurcs. Tt results support the of a conserve
tive strategry of F.uic management 1n patients with acate lung ingjury. [Clinicalinals.
gov number, NCI00281268)




Sepsis, IV fluids

< In sepsis-induced hypoperfusion
0 30 ml/Kg IV crystalloid within the first 3 hours

<> Balanced crystalloids (LR vs NS)?

<> After initial resuscitation
0 Small bloused as needed for persistent hypoperfusion?
0 Restriction of fluids?

0 How to evaluate for fluid needs? CO, capillary refill, lactate,
dynamic maneuvers?

1 Role for albumin?



$ & 4

Septic shock, pressors

Target MAP of 65 mmHg m

Norepinephrine should be first line Vasoactive Agent

Target MAP 65, if no response with Management

low/moderate dose add vasopressin el

If no adequate response add epinephrine L R
Dobutamine can be considered in ;
individual cases if cardiac dysfunction R

I AP Is Inaocgualc dosplic

Dopamine no longer recommended as a1 o rogouas dapto
standard care [T

present aesprle ec




Sepsis, evaluation

<> Cultures
1 Appropriate cultures (including
blood) before antibiotics if no delay Lactate Level Mortality
(<45 min) 0-2.5 mmol/L 4.9 percent mortality
<> Measure blood lactate (Quality of 2.5-4.0 mmol/L 9.0 percent mortality
evidence: low) > 4.0 mmol/L 28.4 percent mortality

[ Follow levels to guide resuscitation

Nguyen, et al., 2004; Shapiro, et al., 2005



Sepsis, other treatments

<> Steroids

1 Mixed results, positive, negative neutral

[ Suggested if ongoing requirement for vasopressors (4 hours)
<> Respiratory support

1 ARDSnet protocol (6 mg/Kg tidal volume)
<> Glucose control

[ Try to keep <180 mg/dL but don’t be too aggressive



Sepsis, other treatments

<> Blood transfusion
[ Goal 7 gm/dL
<> Nutrition
[ Early initiation of enteral nutrition if possible (within 72 hours)
<> DVT prophylaxis
<> Stress ulcer prophylaxis if risk factors for Gl bleed



Sepsis, other treatments

<> Lots of basic science studies have suggested additional
therapies for sepsis, unfortunately they don’t work

[ Drocrecogin alpha (Xigris®)

TNF alpha monoclonal antibody
Monoclonal antibody against endotoxin
IL-1 receptor antagonist
Immunoglobulins

Vitamin C

Cyclooxygenase inhibition

Inhibition of nitrous oxide synthesis

] O O O O O 3



Criticisms over the Surviving Sepsis
Campaign and the CMS bundle



Criticisms

<> Failure to acknowledge the practical difficulties
clinicians face when trying to diagnose sepsis

1 Over and underdiagnosis

<> One-size-fits-all approach O ( Joaptic
[ No differentiation in the management of o ot :Z;ﬁf
patients with suspected sepsis or septic shock 4
[ There is time for better decisions in stable S'RS
patients —

Not balancing benefits and harms

Curtail the clinicians’ ability to adjust
treatments to the individual patient

https://doi.org/10.1093/cid/cix997



Criticisms

<>Concerns about timing, excessive fluids
and antibiotics

<>Specific components are controversial
v Lactate is not specific and checking it does not
change prognosis
<>A third of patients are found to have
alternative diagnosis
<> NQF re-endorsed the measure in 2021
1 IDSA, ACEP, SHP filed an appeal with NQF

expressing concerns

Annals of Internal Medicine ORIGINAL RESEARCH

Treatment Patterns and Clinical Qutcomes After the Introduction of
the Medicare Sepsis Performance Measure (SEP-1)

lan J. Barbash, MD, M$; Billic S. Davis, PhD; Jonathan G. Yabes, PhD: Chris W. Scymour, MD, MSc; Derck C. Angus, MD, MPH;
and Jeremy M. Kahn, MD, MS

EDITORTAL Annals of Internal Medicine

Has the Medicare Sepsis Performance Measure (SEP-1) Catalyzed
Better Qutcomes for Patients With Sepsis?




Conclusions

<>Sepsis is a very common problem
<>Little RCT data to guide therapy
<>Timely and appropriate management is key
1 Sepsis vs septic shock
1 Urgency of initiating interventions vs time to think about the case and getting
more data
<>CMS bundle and sepsis guidelines are controversial



Questions?



