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INITIAL RESUSCITATION

SOURCE CONTROL

ANTIMICROBIAL THERAPY

SEPSIS IN THE ICU: GUIDELINES

BUNDLE APPROACH FOR SEPSIS AND SEPTIC SHOCK





BioFire FilmArray ME: falsi negative con HSV1-2 e 

Criptococco



B.Viaggi - NeuroIntensive Care Unit - Department of Anesthesiology Careggi 

University Hospital

Assay Result Reported Result and Bin Result

Negative OR <10^3.5 copies/mL Not Detected

Positive AND ≥10^3.5 – <10^4.5 copies/mL Detected 10^4 copies/mL

Positive AND ≥10^4.5 – <10^5.5 copies/mL Detected 10^5 copies/mL

Positive AND ≥10^5.5 – <10^6.5 copies/mL Detected 10^6 copies/mL

Positive AND ≥10^6.5 copies/mL Detected ≥10^7 copies/mL





Blu di metilene del liquor



Gram dal liquor













 Prospective observational study
 3 EDs
 684 patients were enrolled with 

hospitalization (72.8%), ICU admission (3.4%), 
and infection-related 28-day mortality rates 
(4.4%). 

 MR-proADM and NEWS had the strongest 
association with hospitalisation and the 
requirement for antibiotic administration, 

 MR-proADM alone had the strongest 
association with ICU admission (OR: 5.8 [3.1 -
10.8]) and mortality (HR: 3.8 [2.2 - 6.5]). 

 Patient subgroups with high MR-proADM concentrations (≥ 1.77 nmol/L) and low NEWS (< 5 points) had: 
- significantly higher rates of ICU admission (8.1% vs 1.6%; p < 0.001), 
- hospital readmission (18.9% vs. 5.9%; p < 0.001), 
- infection-related mortality (13.5% vs. 0.2%; p < 0.001), 
- disease progression (29.7% vs. 4.9%; p < 0.001)

ICU admission was delayed by 1.5 [0.25 – 5.0] days in patients with high MR-proADM and low NEWS compared to high 
NEWS, despite similar 28-day mortality rates (13.5% vs. 16.5%). 
Antibiotics were withheld in 17.4% of patients with high MR-proADM and low NEWS values

J. Gonzalez Del Castillo et al.Critical Care(2019)





Emocolture

• Arteria versus vena

• CVC versus VP (time differenziale di due ore)

• Singola venipuntura

• Pannelli sindromici emocolture

• Perché solo emocolture: liquor, materiale ascessi, biopsie

• Perché solo batteri: pannelli virali, ricerca funghi, parassiti (malaria)



FREQUENZA DI POSITIVITA’ DI EMOCOLTURE DA PAZIENTI 
ADULTI CON DIFFERENTI INFEZIONI

Cellulite acuta 2%

Infezione del piede diabetico/vascolare 10%

Malattia febbrile acuta del neutropenico 20%

Pielonefrite 20%

Polmonite acquisita in comunità 30%

Meningite batterica acuta 50%

Osteomielite acuta 50%

Cellulite necrotizzante 80%

Endocardite batterica 95%

Tromboflebite batterica suppurativa 100%

Stratton CW Antimicrobics Infect Dis Newsletter 2000; 18:9-13



Protocollo emocoltura da vena periferica versus 
arteria: Isolator con conta colonie



Terapia empirica



•Median time from hypotension to antibiotic administration: 6 hours after the recognition of shock.

•Overall mortality rate: 56.2%  

2,731 adult ICU patients 

with septic shock.



https://www.empillsblog.com



Noninfectious Causes of New Fever in ICU Patients

CLINICAL CHALLENGE 1#

Naomi P. O’Grady, et al. Crit Care Med, 2023



TODAY’S ICU PATIENTS

Delano MJ, Ward PA. J Clin Invest, 2016



SIRS

CARS

RAPID RECOVERY

PICS

EARLY MOF

FULMINANT DEATH

Sepsis encompasses dichotomous clinical presentations. 
The nature and intensity of the inflammatory response is mainly determined by the 
patient’s background.
Both a too strong or too mild response may adversely affect outcome

Intensive Care Med (2016) 42:1051–1054

Immuno-inflammatory response during critical illness

Patient

population

Healty, young or middle-aged

Pathogen Often virulent, toxin producing (N. meningitis, S. pyogenes, S. 

aureus)

Clinical

characteristics

High fever, shock, ARDS

Community acquired infections

Laboratory

findings

Marked increase or dramatic fall in absolute granulocyte count, 

severe lactic acidosis

Patient

population

Elderly, malnourished, with comorbidities, chronic critically ill

Pathogen May be weakly virulent or opportunistic (Acinetobacter, 

Stenotrophomonas, Enterococcus, fungi)

Clinical

characteristics

More blunted response with subtle findings: altered mental status, 

hypothermia

Laboratory

findings

Low absolute lymphocyte count persisting beyond 3-4 days



Stevens J et al. Crit Care, 2024

Hyperinflammatory phenotype

Hypoinflammatory phenotype

An evolving paradigm of dysfunctional host response in critical illness

Overactivation of anti-inflammatory pathways

Sustained and unchecked hyperinflammation.

Temporal subclass switching over the course of critical illness



49,331 patients at 149 hospitals

N Engl J Med, 2017

Septic shock

+1.8% (0.8-3)

Severe sepsis

+0.4% (0.1-0.8)

Sepsis

+0.3% (0.1-0.6) 

Absolute increase in mortality per hour delay

0.0 0.5% 1% 1.5% 2% 2.5% 

Liu VX, et al. American Journal of Respiratory and Critical Care, 2017

35,000 patients

Facts: in septic shock time matters



Antibiotics given between hours 2 and 5 were associated with similar odds of mortality.

How early is early enough

for antibiotic

administration in sepsis

and septic shock?

Liu VX, et al. Am J Resp Crit Care Med, 2017

35,000 patients:13.3% septic shock, 52.0% severe sepsis.





Terapia empirica

• Si può aspettare, anche nella sepsi, almeno 6 ore



Terapia iniziale

• Bisogna sempre essere veloci indipendentente dalla infiammazione?

• La sepsi non è una risposta abnorme?



N. meningitidis: Purpura fulminans

After 12 hrs back to ICUDismissed from ED: Doppler advised  

After two months After one year





Esiti tardivi a 2 mesi: escara



Esiti tardivi a 2 mesi: escara



Intervento



Purpura fulminans

• Cotugno Hospital, Naples, Italy

• Admitted to ICU, sedated and intubated

• Therapy: Dexamethasone, rifampicin 600 mg, than ceftriaxone 2 g 
slowly, IGAM 5 mL/kg Continuous Infusion (CI) for the first 3 days



Purpura fulminans

• Lumbar Puncture (LP) and filmarray performed on CSF: tested positive 
for Meningococcus

• Group C serotype

• Strain sent to National Health Institute (ISS-Istituto Superiore di 
Sanità) for further characterization: C St type 11, P1.5,-1.,10-8:F3-6, 

• Result: Tuscany outbreak serotype



Case - 2018: N. meningitidis group C, ST11; unvaccinated 5-
year-old boy, cardiac arrest after steroid and during antibiotic
ceftriaxone therapy: endotoxin 1 EU/ml, procalcitonin 80
ng/ml.

Courtesy Prof. Tascini



2018: N. meningitidis group W, st type 11,
12 month old girl
Expired following cortisone and ceftriaxone administration: 
endotoxin values= 1,2, PCT=100







Invasive Meningococcal Disease due to group C ST11N. meningitidis

(cc11): The Tuscany cluster 2015–2016
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a b s t r a c t

Objectives: To describe the cluster of MenC ST11 Invasive Meningococcal Disease (IMD) occurred in

Tuscany in theyears 2015–2016.

Methods: A retrospective charts analysis of clinical, epidemiological and microbiological aspectsof doc-

umented IMD wasperformed. Prognostic factors for death were evaluated.

Results: Sixty-one patients with IMD in the 2015–2016 period were documented: 28 had meningococ-

cemia, 24 meningitis plus meningococcemia and 9 meningitis. MenC ST11 (cc11) was identified in

48/54 (89%) of the tested strains. All patients, with the exception of three very early death, received

timely and appropriate antibiotic therapy and, in selected case, adjunctive therapy with steroids and

PentaglobinÒ. Forty-one patients recovered (67.3%, mean age: 26 years), 7 had permanent sequelae

(11.3%, mean age 31 years) and 13 died (21.3%; mean age: 46 years). In a multivariate analysis, septic

shock, s and advanced age were negative prognostic factors, while emergency admit-purpura fulminan

tance to a tertiary-care, university hospital, positively influenced the survival rate. The epidemiological

analysisof thecluster identified close contacts and recreational environmentssuch asdiscos ashotspot

for MenC transmission. After a massive vaccination campaign, the number of MenCcases reported in

Tuscany in 2017 decreased to 10, with no death.

Conclusions: Vaccination campaign of key populations together with the need for rapid and qualified

emergency care of the affected patients seems to be the main lesson learned by the MenC ST11

Tuscany epidemic.

Ó 2018 Elsevier Ltd. All rights reserved.

1. Introduction

Men B was the leading cause of Invasive Meningococcal

Disease(IMD) in Tuscany (Italy) until 2014, beingresponsible from

5 to 13 cases/year with a stable rate between 0.2 and

0.3/100.000 inhabitans. MenC caused less than 5 cases/year with

a small peak in the years 2004 and 2005 (respectively 11 and 18

cases). Quite unexpectedly, the incidence of MenCincreased from

0.1/100.000 in period 2007–2014 to 0.9/100.000 in 2015–2016

due to a cluster of 61 cases of MenCST11 (cc11).

The MenC vaccination was introduced in Tuscany in March

2005. MenCmonovalent conjugate vaccine was offered to all the

newborns (at 3, 5, and 13–15 months); to rapidly reach an ade-

quate immunization level in the first 6 cohorts of age, catch-up

actionswere implemented offering a single doseto unvaccinated

children both from 1to 5 yearsand to thosereceivingDTPboosters

after the age of 6.

The MenC vaccine uptake at 24months reached respectively

68%in 2006 and 84%in 2008. At 31 december 2014, before the

MenC cluster epidemic, the mean coverage for MenC in the age

range 2–20 was 82.4%(specifically age range 2–10years 90.8%;

age range 11–15: 81.9%; age range 16–20: 65.9%).

Although the hyperinvasive ST11 (cc11) genotype is also

expressed by others serogroup MenC ST11 (cc11)[1]

clusters, related to key populations (Lesbian, Gay, Bisexual,

https://doi.org/10.1016/j.vaccine.2018.08.050

0264-410X/ 2018 Elsevier Ltd. All rights reserved.Ó

⇑ Correspondingauthor at: U.O.C. Malattie Infettive, OspedaleCisanello, Azienda

Ospedaliera Universitaria Pisana, via Paradisa 2, CAP56124 Pisa, Italy.

E-mail address: menichettifrancesco@gmail.com (F. Menichetti).

Vaccine 36 (2018) 5962–5966

Contents lists available at ScienceDirect

Vaccine

j ournal homepage: www.elsevier.com/locate/vaccine



Partiamo dalla meningite batterica comunitaria



• Purulent meningitis: dexamethasone NNT 1:10

• Mortality drop from 15 to 7%

• Glasgow score: 8-11

• Pneumococcus: dexamethasone NNT 1:4

• Mortality from 34% to 14%

• Steroids should be administered within 4 hours from 
antibiotic administration



Steroids



Adjunctivedexamethasonein adultswith
meningococcal meningitis

Sebastiaan G.B.

Heckenberg, MD*

MatthijsC. Brouwer,

MD, PhD*

Arievan der Ende, PhD

Diederik van deBeek,

MD, PhD

ABSTRACT

Objectives: We evaluated the implementat ion and ef fect iveness of adjunct ive dexamethasone in

adults with meningococcal meningit is.

Methods: We compared 2 Dutch prospect ive nat ionwide cohort studies on community-acquired me-

ningococcal meningit is. A total of 258 pat ients with CSF culture-proven meningit is were enrolled

between 1998 and 2002, before rout ine dexamethasone therapy was introduced, and 100 pat ients

from March 2006 to January 2011, after guidelines recommended dexamethasone.

Results: Dexamethasone was administered in 43 of 258 (17% ) pat ients in the 1998–2002 co-

hort and in 86 of 96 (90% ) pat ients in the 2006–2011 cohort (p 0 .001 ), and was started with

or before the f irst dose of ant ibiot ics in 12 of 258 (5% ) and 85 of 96 (89% ) pat ients (p 0 .001 ).

Rates of unfavorable outcome were similar between cohorts (12 of 100 [12% ] vs 30 of 258

[12% ]; p 0 .67 ), also af ter correct ion for meningococcal serogroup. The rates of hearing loss (3

of 9 6 [3 % ] vs 1 9 of 2 3 7 [8 % ]; p 0 .1 0 ) and death (4 of 1 0 0 [4 % ] vs 1 9 of 2 5 8 [7 % ];

p 0 .24 ) were lower in the 2006–2011 cohort , but this did not reach signif icance. The rate of

arthrit is was lower in pat ients t reated with dexamethasone (32 of 258 [12% ] vs 5 of 96 [5% ], p

0 .046 ). Dexamethasone was not associated with adverse events.

Conclusions: Adjunct ive dexamethasone is widely prescribed for pat ients with meningococcal

meningit is and is not associated with harm. The rate of arthrit is has decreased af ter the imple-

mentat ion of dexamethasone.

Classification of evidence: This study provides Class III evidence that adjuvant dexamethasone in

adults with meningococcal meningit is does not increase negat ive outcomes such as deafness,

death, or negat ive Glasgow Outcome Scale measures. Neurology® 2012 ;79 :1563–1569

GLOSSARY

cc clonal complex; GOS Glasgow Outcome Scale; MLST mult ilocus sequence typing; NRLBM Netherlands Refer-

ence Laboratory for Bacterial Meningit is.

Bacterial meningitis remainsan important cause of morbidity and mortality worldwide, even

though effective antibiotic therapy is available and vaccination strategies have been imple-

mented.1–3 The most common causesare Streptococcuspneumoniaeand Neisseria meningitidis,

accountingfor 85%of casesin adults.1–3Fatality ratesin patientswithmeningitiscaused bythesemicro-

organismsaresignificant, with ratesof 26%and 10%, respectively,1,4,5 andof survivingpatients, 30%to

50%haveneurologicdeficitsincludinghearingloss6andcognitivedeficits.7,8

Several adjunctive therapies have been evaluated in bacterial meningitis.9,10 Randomized

clinical trialshaveevaluated theefficacy of adjunctivecorticosteroid therapy.11,12 A largeEuro-

pean randomized controlled trial in adults showed a beneficial effect of dexamethasone in
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Steroid use in non-pneumococcal and non-Haemophilus 
bacterial meningitis

Lancet 2022 Feb 19;399(10326):717-718.

Steroide per tutte le meningiti 
comunitarie batteriche





Antibiotico batteriolitico ed infiammazione



Spoke Hospital, Udine Province, Italy

• 67-year old male, previous pneumococcal meningitis

• Fever, headache, Glasgow coma scale: 9, lumbar puncture: purulent
CSF

• Centralized to Udine Hospital

• Started on intravenous ceftriaxone 2 g, and ampicillin 2 g



Time 13:38 spoke Hospital –Time 20:08 Udine Hub Hospital after 
antibiotics without steroid administration



Clinical case: patient Z.A.

• Female, 69 years old

• No known comorbidities, no chronic therapy. No allergies.

• Clinical onset on November 26th, 2022, pain localized at right ear.

• From 02/12/2022 morning walking difficulties with mental confusion.

• Access to emergency room on the 2nd of December: «alert, febrile (TC 
38°), no focal deficit, neck stiffness and altered mental status»

• Empirically started on dexamethasone 8 mg IV + ceftriaxone 2 g IV+ 
ampicillin 4 g IV and aciclovir 800 mg IV.

• Centralized in Udine and hospitalized in the Infectious Diseases Unit. 



Plasma Pro-ADM: 2,17 mMol/L

Off-Label
CSF Pro ADM



Clinical case: patient Z.A.

• Ampicillin and acyclovir therapy discontinued. Ceftriaxone and dexamethasone 
continued.

• On the 5th of December 2022: patient locked her gaze and no longer replied  if 
not with the emission of incomprehensible sounds; presented deviation of 
buccal line and flattening of the nasolabial fold with flaccid paresis on the right 
side (ischemic stroke)



Clinical case: patient Z.A.

• CT scan: negative. Started fibrinolysis with alteplase.

• Approximately 30 mins following the end of alteplase infusion, 
further neurological deterioration was observed: the patient 
appeared no longer responsive to the call. She presented afinalistic
movements of the upper left limb alternating with a state of 
drowsiness with snoring breath with respiratory pauses. Normally 
reactive myotic pupils (haemorragic stroke)



27th April 2023, discharge from the Hospital 
after 6 months: with 16 of Mr-ProADM in CSF, I 
have to use the standard protocol???

Clinical case: patient Z.A.







MENING-Italy Study

Penalized multivariate logistic regression

Chronic renal insufficiency 1,12

Immuno-suppression 1,26

GCS 0,90

SOFA 1,11

White Blood cells 0,99

Platekletes 0,99

Glucose 1,001

Cetriaxon 0,89

Rifampicin 0,89

Male 0,43

Fever 1,16

Age 1,01

S. pneumoniae 1,67







Quale terapia empirica e come somministrare



Enterobatteri e penicilline negli anni: 2021

PERFORM 2022 - Terapia antibiotica appropriata: criteri microbiologici e clinici

Milano, 28 giugno 2022



Frequently Asked Questions: FAQ

I BP per 
Enterobacterales e 
piperacillina-
tazobactam sono 
stati cambiati nel 
2021, perché è 
stata rimossa la 
categoria «I»?

Per riuscire a coprire 
isolati con MIC 16 

mg/L occorrerebbe 
un dosaggio di 4 g x 4 

con un tempo di 
infusione esteso

Pratica non ben stabilita

Incertezza sull’outcome
clinico per questo livello di 

MIC

Problema dell’ 
incertezza tecnica 
(ATU) per questo 

valore di MIC

Piperacillin-tazobactam, beakpoint for Enterobacterales. General Consultation 10 july – 18 september 2020

- Terapia antibiotica appropriata: criteri microbiologici e clinici



Piperacillin/tazobactam continuous infusion: 2023 Udine 
University Hospital, Target PK/PD Conc/MIC > 4 piperacillin



Target PK/PD Conc/MIC > 4 piperacillin, conc > 64 mg/L  



Paziente clinica medica, 

• switch da terapia ev a sottocute

• 18 g pip/tazo ic

• 4,5 g ogni 6 ore con ago flessibile sottocute addome



Pre
Post

Pre: endovena 3° giorno                 Post: sottocute terzo giorno



Pre: 18 g infusione continua
Post: 4,5 g infuso ogni 6 ore sottocute



Outline

• Detection of methicillin-resistance in Staphylococcus aureus



Staphylococcus aureus

Cefoxitin screening

BMD ≤ 4 mg/L
DD ≥ 22 mm

BMD > 4 mg/L
DD < 22 mm

MSSA MRSA

Recommended methods for detection of methicillin resistance in S. aureus

PCR for mecA/mecC
latex agglutination for PBP2a 

protein

PSSA
BORSA

oxacillin MICs 1-8 mg/L

The European Committee on Antimicrobial Susceptibility Testing. Breakpoint tables for interpretation of MICs and zone diameters. Version 14.0, 2024. http://www.eucast.org; The EUCAST guideline on detection of resistance mechanisms v 2.0
(2017-07-11) ; EUCAST Expert Rules v 3.2 February 2023

http://www.eucast.org/


Antibiotic susceptibility performed in physiologic media better predicts
activity in vivo compared to susceptibility testing performed in bacteriological
media

Ersoy SC et al. EBioMedicine. 2017 Jun;20:173-181



Are MRSA really MRSA?: the curious case of “bicarbonate responder”
MRSA
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CFZ OXA

Frequency of NaHCO3 responsiveness 

Non-responsive MIC reduced 4-fold by NaHCO3 MIC reduced >= 8-fold by NaHCO3
0
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35

Correlated phenotypes Discordant phenotypes

Frequency of coresponsiveness to CFZ and OXA

Responsive to both CFZ and OXA Responsive to neither drugs

Responsive to CFZ only Responsive to OXA only

Ersoy SC et al. Antimicrob Agents Chemother. 2020 Apr 21;64(5):e02445-19.

P=0.008



Are MRSA really MRSA?: the curious case of “bicarbonate responder”
MRSA

Exposure of MRSA to NaHCO3 enhances susceptibility to antimicrobial peptides

NaHCO3 +, AMP -

NaHCO3 + before 
and after AMP +

NaHCO3 -, AMP +

NaHCO3 + before 
AMP +

Dorschner RA et al. FASEB J. 2006 Jan;20(1):35-42



Imipenem e molte cefalosporine
sono sinergiche contro MRSA
miglior combinazione con cefamandolo



Killing contro MSSA dell’associazione 
a sub-MIC

Permeabilizzazione con associazione



Daptomicina o peptidi naturali sono detergenti che
fanno perdere la penicillinasi a S. aureus. Questi ceppi PSSA
sono meno sensibili a peptidi naturali e pertanto più virulenti



Interleukin (IL)-1β and IL-10 host responses in patients with SAB
determined by antimicrobial therapy

• IL-1β:

immunostimulatory response (high
levels are good);

• IL-10:

dysregulated immunosuppressive
response (high levels are bad).

Clinical Infectious Diseases 2020;70(12):2634–40



Interleukin (IL)-1β and IL-10 host responses in patients with SAB (S.
aureus bacteremia) determined by antimicrobial therapy

IL-10 concentrations in patient sera on day 1 of
presentation compared by outcome of 30-Day
survival or mortality.

IL-1β concentrations in patient sera on day 1 of
presentation compared by outcome of 30-Day
survival or mortality.

Clinical Infectious Diseases 2020;70(12):2634–40



Interleukin (IL)-1β and IL-10 host responses in patients with SAB
determined by antimicrobial therapy

IL-10 concentrations in patient sera on day 1 of presentation
compared by outcome of rapid bacteremia clearance (≤4 days)
or persistent bacteremia (>4 days).

IL-1β concentrations in patient sera on day 1 of presentation
compared by outcome of rapid bacteremia clearance (≤4 days)
or persistent bacteremia (>4 days).

Clinical Infectious Diseases 2020;70(12):2634–40



IL-1β concentrations in patient sera
treated with G/L or β-L antibiotic at day 1,
day 3, and day 7 of therapy.

IL-10 concentrations in patient sera treated
with G/L or β-L antibiotic at day 1, day 3,
and day 7 of therapy.

Interleukin (IL)-1β and IL-10 host responses in patients with SAB
determined by antimicrobial therapy

Clinical Infectious Diseases 2020;70(12):2634–40



IL-1β concentrations in patient sera
treated with G/L or β-L antibiotic: median
trend over 7 days.

IL-10 concentrations in patient sera treated 
with G/L or β-L antibiotic: median trend 
over 7 days.

Interleukin (IL)-1β and IL-10 host responses in patients with SAB
determined by antimicrobial therapy

Clinical Infectious Diseases 2020;70(12):2634–40



Conclusioni

• Diagnosi corretta di infezione

• Iniziare terapia semi-targeted quando possibile (test rapidi)

• Terapia empirica quando necessario (biomarcatori) 

• Ripensare l’infiammazione

• Somministrare al meglio le monoterapie


