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Istituto Superiore di Sanità
Sorveglianza Nazionale Infezioni Correlate all’Assistenza 

• Ottobre-novembre 2016 -  56 strutture - 14.773 pazienti distribuiti in vari 
reparti (medicina, chirurgia, terapia intensiva, ginecologia e ostetricia, 
pediatria, riabilitazione, neonatologia, geriatria, psichiatria, lungodegenze)

• Età media pari a 61 anni 
• 76,4% portatore di almeno un dispositivo invasivo il giorno dello studio.
•  La prevalenza di pazienti con almeno un’infezione correlata all’assistenza 

è risultata del 8,03% (calcolata come numero di pazienti con almeno 
un’ICA sul totale dei pazienti eleggibili). 



Istituto Superiore di Sanità
Sorveglianza Nazionale Infezioni Correlate all’Assistenza

  Variabili
•  Dimensione degli ospedali (prevalenza più elevata per gli ospedali  più 

grandi)
•  disciplina di ricovero (23% terapia intensiva), 
•  età (prevalenza maggiore negli adulti), 
•  gravità delle condizioni cliniche,
•  esposizione a dispositivi invasivi (32,5% negli intubati). 
Le infezioni più frequentemente riportate sono risultate: respiratorie (23,5%), batteriemie 
(18,3%), urinarie (18%), infezioni del sito chirurgico (14,4%).





Sepsi: catena della sopravvivenza

Diagnosi precoce

Antibioticoterapia
precoce

Trattamento per obiettivi 
Precoce (EGDT)



2022

«USUAL CARE» 

• Early identification

• Lactate

• Cultures

• Antibiotics / Source Control

• Fluids

• Haemodynamic optimization

Emanuel Rivers, Bryant Nguyen, Suzanne
Havstad, et al. 

Early goal-directed treatment in severe sepsis and septic shock. 
New England Journal of Medicine

2001;345:1368-1377.
 Department of Emergency Medicine
          Henry Ford Hospital  Detroit



• Fewer than 60% of patients admitted to intensive care units with a diagnosis of 
sepsis are ultimately confirmed to have definite or even probable infection





 

 After time, in any shock state the symptoms can be dominated in

 different proportion by the systemic inflammatory response

  Compensatory mechanisms may be less efficient   

  alterations in myocardial contraction , lung function,  microcirculation and organ function 

 The response to vasoactive mediators and drugs can be severely altered



Post cardiac arrest syndrome

 Whole-body ischaemia/reperfusion:

 activation of immune and caogulation pathways

 intravascular valume depletion

 vasodilation

 endothelial injury

 abnormalities of the microcirculation

 risk of infection

 multiple organ failure 



• Subset of patients plausibly at risk of  harm from a protocolized administration of a rapid weight-based crystalloid 
bolus.

o Systolic heart failure

o Cirrhosis

o Dialysis-dependent renal failure

o Morbid obesity

• The most common noninfectious diagnoses included:

o Poisoning/overdose

o Inhalation pneumonitis

o Acute respiratory failure (asthma / COPD / Heart Failure)

o Diabetic Ketoacidosis

o Acute renal failure



Sepsis resuscitation involves the  urgent application of intervention that may harm a 
subset of patients when applied indiscriminately to those with milder infections or 
alternative diagnoses    large volume fluid resuscitation – invasive procedures – 
broad spectrum empiric antibiotic therapy



• Sepsis is defined by Sepsis-3 as «life threatening organ dysfunction 
caused by a dysregulated host response to infection».

• Clinician must take two steps:

  decide whether infection is present or suspected

  assess whether the patient has acute organ dysfunction attributable 
to the known or suspected infection







•The association of lactate  level with mortality in patients with suspected infection and sepsis in well estabilished

•The lactate cutoff determining an elevated level ranges from 1.6 – 2.5 mmol/L

•Its use is currently recommended as part of the SSC Hour-1 sepsis bundle for  patients with sepsis

•An elevated lactate is part of the Sepsis-3 definition of septic shock

•Elevated or normal lactate level significantly increases or decreases, respectively, the likelihood of a final diagnosis 
of sepsis in patients with suspected sepsis (adjunctive test to modify the pretest probability of sepsis)

•Lactate alone is neither sensitive nor specific enough to rule in or rule out the diagnosi on its own
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• There are no prospective intervention studies comparing different volumes for initial resuscitation in sespis 
and septic shock

• In the PROCESS, ARISE and  PROMISE trials the average volume of  fluid received  pre randomization was also 
in the range of 30 ml/kg suggesting  that this fluid volume has been adopted in routine clinical practice

GESTIONE DEI FLUiDIGESTIONE DEI FLUiDI

Surviving Sespis Campaign



  Fluids are the most commonly administred treatment in inpatient care

   Recent evidence on long term effects 

     Intravenous fluids are drugs affecting the cardiovascular, renal, 

     gastrointestinal and immune systems

   Should not be administered «blindly»



INTERNATIONAL FLUID ACADEMY
The four Ds of fluid therapy 

  Drugs:  Fluids are drugs with indications, contraindications and side effects; different   indications 

                  need different types of fluids

  Dosing:  timing and administration rate is equally important for fluids; there is no  standard 

                   therapeutic dose for fluids  

  Duration: the duration of fluid therapy is crucial and volume must be tapered when  shock is 

                      resolved; «starting triggers» for fluid resuscitation are quite clear; «stopping triggers» 

                     are less clear.

  De-escalation: the final step is withhold/ withdraw fluids when they are no longer required, thus 

                              reducing the risk of fluid overload



Low chloride concentration solutions Vs High chloride concentration solutions

  Results are conflicting 

  Reduced rates of mortality and AKI have been described with balanced 

     solutions 

  Balanced solutions remain preferred over 0.9% saline for the  treatment of 

     hemodynamically unstable septic patients

 





RESUSCITATION FLUIDS

 OPTIMAL FLUID MANAGEMENT SHOULD TARGET EFFICIENT 
CENTRAL HEMODYNAMICS  AND TISSUE PERFUSION WHILE 
AVOIDING POSITIVE   NET FLUID BALANCE 





Progressive volume loading

Severe tissue edema

Compromised tissue 
oxygenation

Further compromised 
microvascular dysfunction

FLUID OVERLOAD! “Patients who have the largest  cumulative 
fluid balance  have an increased mortality”

P.E. Marik 
2011



FLUID OVERLOAD

   worsening gas exchange

   worsening renal function

   worsening wound healing 

  associated with worse outcome in: 

  patients with septic shock

  patients admitted in ICU  after surgery

  various groups of intensive care patients

 Restricitve fluid strategy aiming for negative fluid balance in patients with  ACUTE 

 LUNG INJURY  is associated with improved outcomes 

 

 



COMPLICATIONS OF FLUID OVERLOAD

ACCESSI VASCOLARI!



TOO MUCH FLUIDS ?

 DIFFERENT PATIENTS WILL HAVE DIFFERENT NEEDS AND DIFFERENT BASELINE FLUID STATUS:

   age

   co-morbid disease

   current diagnosis



In healthy volunteers, only 25% of a 
crystalloid bolus remains in the intra-
vascular space at 3 h.

Chowdhury AH. Ann Surg 2012; 256: 18–24

In patients with sepsis  less than 5% of a 
crystalloid bolus remains intravascular an 
hour after the end of the infusion.

Sanchez M. Anaesth Intensive Care 2011; 39: 1022–9



Shedding of the glycocalyx

 Loss of barrier function is associated with the 

 formation of edema

• Common in critically ill parients

• Occurs in presence of:

 Reactive oxygen species

 Hyperglycemia

 Cytokines

 Endotoxin

  Diabetes,  surgery,  trauma, and sepsis



Shedding of the glycocalyx

• Fluid therapy itself is known to be potentially 
deleterious for endothelial function because 
of the resulting oxidative stress

• The risk relates to the specific clinical context



MONITORAGGIO DEL PAZIENTE SETTICO

PS  MU/TSI
CLINICA – ECOGRAFIA – METODICHE NON INVASIVE O MINI/INVASIVE

VALUTAZIONE INIZALE SEMPLICE: CHE PAZIENTE E’?

           RISPOSTA ALLA TERAPIA INIZIALE 

METODICHE PIU’ COMPLESSE NEI PAZIENTI CHE NONOSTANTE LA TERAPIA RESTANO INSTABILI



OPTIMAL FLUID MANAGEMENT SHOULD TARGET EFFICIENT CENTRAL HEMODYNAMICS  AND TISSUE PERFUSION WHILE AVOIDING POSITIVE   NET FLUID BALANCE

INDICES OF FLUID TOLERANCE

FLUID ADMINISTRATION AT LEAST WILL NOT LEAD TO PULMONARY OEDEMA OR RIGHT HEART FAILURE  

  PVC

  LUNG WATER

  OXYGENATION



G. Soldati, R. Copetti. Ecografia toracica
C. G. Edizioni Medico Scientifiche S. r. l. Torino, 2006

     Diametro VCI (cm) Riduzione inspiratoria      PVC (mmHg)

           < 1,5 Collasso           0 – 5

         1,5 – 2,0 >50           5 -  10

   1,5 – 2,0 33-50%          10 - 15

         2,0 – 2,5 0-33%          15 - 20

            >2,5 Assente           >20



LUNG ULTRASOUND

B LINES
  vertical echoid comet-tail artefacts detected by lung ultrasonography

  correlated with the loss of pulmonary aeration and an increase in lung water

  Agricola 2005:  Good correlation between the number of B – lines at lung ultrasonography and 
EVLW  (invasive hemodynamic monitoring)

  Zaho 2015: very good correlation between lung ultrasound score (LUS) and EVLW (trans-pulmonary 
thermodilution in ARDS patients



FLUID TOLERANCE

Echocardiography 
Fluid administration at least  will not lead to pulmonary oedema or right heart failure

   Small IVC that varies in size with respiration

   non dilated right heart chambers 

   a non displaced interventricular  septum 

   absence of right or left systolic  failure 

   absence of markers of raised LVEDP



HOW MUCH FLUIDS ?

   Fluid requirements vary during the course of illness 

  Fluids must be prescribed on an individual patient basis

 The prescription should be regularly reviewed and tailored to 
the  evolving clinical stage 





EVOLVING CLINICAL STAGES

  IN THE  ACUTE RESUSCITATION/SALVAGE PHASE  FLUID ADMINISTRATION IS GENEROUS 

   WHILE FLUID OVERLOAD IS ALWAYS A CONCERN,  A POSITIVE FLUID BALANCE IS A SPECIFIC  

     TARGET OF THIS PHASE

   Fluid challenge bolus  of 4 ml/kg given in 5 – 10 min repeated when necessary normally in 

     association  with vasopressor administration 



EVOLVING CLINICAL STAGES

  THE  OPTIMIZATION PHASE   STARSTS WHEN THE PATIENT IS NO LONGER IN OVERT 
ABSOLUTE/RELATIVE HYPOVOLEMIA BUT REMAINS HEMODYNAMICALLY UNSTABLE

   FLUIDS SHOULD BE ADMINISTRED USING  FLUID CHALLANGE TECHNIQUES (TROL)

   PATIENT MUST BE CAREFULLY MONITORED TO OBTAIN THE MOST COMPLETE PICTURE OF 

    HEMODYNAMIC STATUS 



FLUID CHALLANGE TECHNIQUE  (TROL)







FLUID RESPONDER

         Someone  who increases his Stroke Volume by 15% after a 

         500 ml   fluid challenge

  Around 50% of fluid challenges administred in critically ill patient do not result in an 

increase in Stroke Volume exposing these patients to potential harm



Marik P, Bellomo R.  British Journal of Anaesthesia, 2015, 1–11



MONITORAGGIO STATO VOLEMICO E FLUID RESPONSIVENESS

  LA METODICA GIUSTA NEL SETTING GIUSTO
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 Hyperlactatemia in sepsis is caused more frequently by impaired tissue oxygen 
utilization, rather than by impaired oxygen transport

 Hyperlactatemia in sepsis is unlikely to be associated with inadequate oxygen 
delivery  and attempts at increasing oxygen delivery may be harmfull

 Hyperlactatemia in sepsis is caused more frequently by impaired tissue oxygen 
utilization, rather than by impaired oxygen transport

 Hyperlactatemia in sepsis is unlikely to be associated with inadequate oxygen 
delivery  and attempts at increasing oxygen delivery may be harmfull



 Cerebral, cardiac, renal and hepatic dysfunction in sespis is 
largely caused by bioenergetic failure rather than microcircolatory 
dysfunction and impaired organ perfusion 



MONITORING IN THE EMERGENCY DEPARTMENT
MACROVASCULAR ASPECTS





 G. Devia Jaramillo et al. 
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PASSIVE LEG RAISING

• Tilting a patient from a 45- degree semi-recumbent head up position to a 
45 degree leg-up position

• Transfers  up to 300 ml of blood to the central circulation

• Stroke volume or simply VTI across outflow tract is measured  before and 1 
min after the PLR

• An increment of 10% suggests Fluid Responsiveness



I. Barjaktarevic et al

Suboptimal or potentially harmful Passive Leg Raising

  lower extremity thromboembolism 
   recent abdominal surgery
   hip fracture 
   suspected elevated intracranial pressure
   significant peripheral vascular disease



Stroke 
volume

BIOIMPEDENCE 
AND 

BIOREACTANCE



FRESH TRIALFRESH TRIAL









EVOLVING CLINICAL STAGES

PROPER TREATMENT

SHOCK REVERSAL

EXCESS FLUIDS MOBILIZED
 

EBB PHASE    FLOW PHASE 

 



EVOLVING CLINICAL STAGES

  THE  STABILIZATION PHASE  BEGINS WHEN THE PATIENT IS STABLE AND EVOLVES OVER DAYS

   THE TARGET SHOULD BE A ZERO OR SLIGHTLY NEGATIVE FLUID BALANCE 



EVOLVING CLINICAL STAGES

EBB PHASE    FLOW PHASE

UNRESOLVED SHOCK

POSITIVE CUMULATIVE FLUID BALANCE

DERESUSCITATION/DE-ESCALATION

   Furosemide

   20%  albumin?

   PEEP?

   Renal replacement therapy/Ultrafiltration



EVOLVING CLINICAL STAGES

DERESUSCITATION/DE-ESCALATION

Right targets

 Ensure that indication for fluid resuscitation no longer exist

    



• The primary haemodynamic goal in patients with sepsis is to achieve a mean 
arterial pressure (MAP) > 65 – 70 mmHg

• This is best achieved by a physiologically guided, conservative fluid strategy followed 
by the early use of norepinephrine

• Apart from increasing venous return and arterial tone, unlike crystalloids, 
norepinephrine has been demonstated to increase microcirculatory flow



 It has been shown that early (within a median time interval of 1.3 hours after admission in 
the ICU) and exclusive administration of norepinephrine restored adequate MAP within a 
relatively a short period of time (30 min) in all patients and was associated with a fovorable 
survival rate

 THE TIMING TO START NOREPINEPHRINE IS CRUCIAL

 European Society of Intensive Care Medicine (ESICM)

     Administer Norepinephrine in the initial phase of sepstic shock even when hypovolemia is 

     not completely corrected by fluid administration  





THERE IS NO UNIQUE HEMODYNAMIC PATTERN

THE THERAPEUTIC APPROACH MUST BE PERSONALIZED

Low DAP (e.g.< 40 mmHg) is strongly suggestive of a markedly 
depressed arterial tone and should prompt

 initiation of norepinephrine urgently

Low DAP (e.g.< 40 mmHg) is strongly suggestive of a markedly 
depressed arterial tone and should prompt

 initiation of norepinephrine urgently





M. Girardis et Al. 2021 

Buone pratiche cliniche 
SIAARTI



Arginin-vasopressina – LG SSC









Grazie per l’attenzione





Diagnosi precoce

qSOFA

• GCS < 15

• RR > 22 

• PA s < 100 mmHg

If two of these variables are present simultaneously

qSOFA is positive

  qSOFA is a predictor of poor outcome in patients with known or 
suspected infection

 qSOFA  is more specific but less sensitive than having two of four SIRS 
criteria for early identification of infection induced organ dysfunction

 Neither SIRS nor qSOFA are ideal screening tools for sepsis

 The presence of a positive qSOFA should alert the clinician to the 
possibility of sepsis in all resource settings





Istituto Superiore di Sanità
Sorveglianza Nazionale Infezioni Correlate all’Assistenza

I patogeni identificati come responsabili di ICA sono stati nel 
complesso 67, di cui Escherichia coli (13%),  Klebsiella pneumoniae 
(10.4%), Pseudomonas aeruginosa (8,1%), Staphylococcus aureus (8,9%) 
e Staphylococcus epidermidis (6,3%) rappresentano più del 45% di 
tutti gli isolamenti, spesso anche resistenti o multiresistenti agli 
antimicrobici.
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BIOMARKERS NELLA SEPSI?

PCT

 Is a peptide precursor of calcitonin which is involved in calcium homeostasis

 It is often combine with CRP in order to make a putative diagnosis of sespis

 PCT  levels are increased in greater  magnitude by bacterial infections than 
CRP

 Shows a marked increase within 2 – 4 hours of the initiation of an 
inflammtory response

 Normal serum levels are below 0.05 ng/ml

 A value of 2.0 ng/mL suggests a significantly increased risk of sepsis and/or 
septic shock

H.H. Dolin et. Al 



BIOMARKERS NELLA SEPSI?

PCT

Rises higher in correlation of the severity of an infection

Higher PCT level correlates with Gram-negative rods

Antibiotic resistant bacteria induce higher levels of PCT than either Gram positive cocci or

      Gram-negative rods 

May be used in algorithms  to stop antibiotic therapy

FALSE POSITIVE RESULTS

 Acute Respiratory Distress Syndrome

 Trauma 

 Chemical Pneumonitis

 Severe Falciparum Malaria

H.H. Dolin et. Al 
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 La determinazione della procalcitonina già nelle prime fasi dell’inquadramento del 

paziente settico permette di ottenere il tempo 0 ed il trend temporale, che, con le 
successive determinazioni a 24-48 ore, fornisce elementi utili per le successive 
scelte terapeutiche in termini di de-escalation o modifica della terapia antibiotica



HETASTARCH (HES)

 RCTs  have associated administration of HES with AKI and the need for 

    RRT in ICU patients, especially in those with sepsis

 Results are conflicting on mortality

 Intraoperative HES administration did not increase the incidence of AKI 

    or mortality

 





 
 Although albumin is theoretically more likely to maintain oncotic pressure than

 crystalloids, it is more costly and there is no clear benefit with its routine use 



Albumin
• Colloids should remain in the intravascular space longer than crystalloids, 

provided that the endothelial barrier is intact, which is not often the case of the 
critically ill patients

• To date no randomized controlled trial has shown any significant benefit of fluid 
resuscutation using albumin over other types of fluids, including crystalloids

• The significant cost and the availability of equally effective low cost alternatives 
do not play in favor of albumin

• Up to date, the theoretical benefits of albumin are not supported by sound 
clinical evidence and the case of albumin remains controversial



 Fluid administration beyond initial resuscitation requires careful 

assessment of the likelehood that the patient remains fluid 

responder



 Septic Shock is characterized by hypovolemia (both relative and absolute) and 
decreased vascular tone, which contributes much to the severity of hypotension

 Organ blood flow  depends on perfusion pressure when mean arterial pressure 
(MAP) decreases below  a certain critical value

 Thus, at the early phase, both fluid resuscitation - aiming to correct hypovolemia 
and vasopressors - mainly norepinephrine as a first line agent – aiming to restore 
vasculare tone are important to ensure organ perfusion



EARLY ADMINISTRATION OF NOREPINEPHRINE INCREASES CARDIAC OUTPUT IN SEPTIC SHOCK

 The increase in stroke volume following early administration of norepinephrine is associated  
with an increase in global end diatolic volume – a marker of cardiac preload- and a reduced 
pulse pressure variation (PPV), which is a marker of preload responsiveness

 The significant increase in LVEF with norepinephrine, in spite of an increased left ventricular 
afterload, strongly suggests that norepinephrine increases the left ventricular contractility



LOW DIASTOLIC ARTERIAL PRESSURE (DAP) IS CONSIDERED AS A MARKER OF LOW ARTERIAL TONE 

 Beneficial effects of norepinephrine on CO:

o Improved ventricular perfusion in relation to the increased DAP

o Left ventricular consequence of β1 adrenergic receptor stimulation (time dependent –early 

phase)



EARLY INITIATION OF NOREPINEPHRINE MAY IMPROVE MICROCIRCULATION IN SEVERE SEPTIC SHOCK

 Increasing the MAP in severely hypotensive patients improves microvascular blood flow in pressure 
dependent vascular beds and hence improves muscle oxygenation and microcirculatory recruitment 
capacities

 Impairment of microcirculation due to potential norepinephrine induced excessive vasoconstriction is 
not reality when MAP is low



Hemodinamic management
Monitoraggio

Valutazione iniziale con metodiche semplici

 Ecografia -  lattati - riempimento capillare - mottling score 

 diuresi

Maggiore complessità ed eventuale invasività nei pazienti che 
restano critici ed instabili nonostante il trattamento inziale 
(TSI/TI)





EARLY INITIATION OF NOREPINEPHRINE MAY IMPROVE MICROCIRCULATION IN SEVERE SEPTIC SHOCK

 Septic shock is associated with impaired microcirculation even in patients with preserved or 
corrected macrocirculation

 In severely hypotensive patients an improvement of microvascular blood flow could be expected 
with correction of hypotension due to correction of low organ perfusion pressure

      (MAP  STO2)
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