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Use of Retrospective Administrative Data 

Epidemiology of sepsis 



DOI: 10.1097CCM.0000000000000026 

Control group in 36 RCT vs Administrative data 

RCT 

Angus 

Martin 



Australian and New Zealand Intensive Care Society adult ICU patient database 

Mortality 

Reduction: 

50% 



Australian and New Zealand Intensive Care Society adult ICU patient database 

Mortality Reduction > 50% in young and healthy 



Mortality Reduction: +++ 

Discharged Home: ++ 



Discharged to Another Hospital: - 

Discharged to Rehabilitation: +++ 



• 42 ICUs in Spain. 

• All episodes of severe sepsis or septic shock in two 
periods of time. 

– 2 months in 2005, before EDUSEPSIS intervention. 

– 3 months in 2011, before ABISS intervention. 

• 2011 patients were: 

– Older: 62.1±16.7 vs 64.9±14.9 years; p=0,023 

– More severe: APACHE II 20.7±7.2 vs 22.4±7.9; p=0,001 

 

 

Evolution of Sepsis  
care and mortality in Spain 

ESICM  Congress 2013 



Evolution of Sepsis  
Mortality in Spain 

p< 0.001 

Adjusted mortality: OR 0.638 (0.49-0.831); p=0,001 

ESICM  Congress 2013 



Evolución Mortalidad Sepsis Grave 
CMBD Cataluña 

Ferrer R et al. SCCM  Congress 2014 



Evolución Mortalidad Sepsis Grave  
CMBD Cataluña 

Ferrer R et al. SCCM Congress 2014 



Outline 

• Epidemiology of Sepsis. 

• Time-to-treatment in Sepsis. 

• Sepsis Code. 

• Cost-effectiveness. 



ENDOTOXIN (PAMP) 
MACROPHAGE 

TLR-4 (PRR) 

PRO-INFLAMMATORY 

CYTOKINES (IL-1, IL-6, TNFα) 

HMGB1 
COMPLEMENT ACTIVATION 

ANTI-INFLAMMATORY 

CYTOKINES 

IL-10, IL-11… 

LIPID MEDIATOR FACTORS 

PG, LEUCOTRIENS… 
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Stages of sepsis 

Adapted from Bone RC, Balk RA, Cerra FB et al. Chest. 1992;101:1644-55. 

Infection 
SIRS: 

Sepsis 
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↑ Microvascular Dysfunction 

Time is Tissue 

↑ Tissue dysoxia 



Critical point: DO2crit 

Independence zone: 
Variable O2 Extraction Ratio 

Dependence 
zone: 
Max O2 ER 

Sepsis 

Normal 

VO2 

DO2 

The biphasic VO2 – DO2 model 

 VO2 and impaired OER 

10 ml/min·kg 15 ml/min·kg 



Independence zone Dependence 

zone 

Sepsis 

Lactate 

VO2 

DO2 

VO2 – DO2 model: O2 Debt 

O2 Deficit  & 

Anaerobic 

Metabolism 

O2 Debt= O2 Deficit x Time 



Markers of dysoxia: Lactate 

Mizock BA, Falk JL. Crit Care Med. 1992;20:80-95. 

Glycogen        

 

 

Glucose            Pyruvate 

Lactate 

Citric 

Acid 

Cycle 

CO2 

H2O 

   (Cytoplasm)                                (Mitochondria) 

Anaerobic Glycolysis 

1 Glu + 2 ADP + 2 Pi 

 

 

2 Lactate + 2 ATP 

1 Glu + 6 O2 + 38 ADP + 38 Pi 

 

 

6 CO2 + 6 H20 + 38 ATP 

O2 

Aerobic Glycolysis 

+ Hydrogen ion 



Serum Lactate and Mortality  in Severe Sepsis 

• Initial serum lactate 

evaluated in 839 adults 

admitted with severe 

sepsis. 

Mikkelsen ME, Miltiades AN, Gaieski DF et al. Crit Care Med. 2009;37:1670-7. 
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associated with ↑ mortality 
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Improving Lactate: a Good Prognostic Sign 

Bakker J, Gris P, Coffernils M et al. Am J Surg. 1996;171:221-6. 
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VO2 and alteration of microvascular flow 



VO2 and alteration of microvascular flow 

Principal mechanisms implicated in the development of 

microcirculatory alterations 

De Backer et al. Annals of Intensive Care 2011 

  Capillary density 

 number of stopped-flow and 

intermittent-flow capillaries 

  surface for O2 exchange 





Treatment strategies: balanced DO2/VO2 



Sepsis 

Lactate 

VO2 

DO2 

 Decrease VO2 

O2 Deficit  & 

Anaerobic 

Metabolism 

1 Septic Shock 

1 

2 

2 Balanced DO2/VO2 



Decrease VO2 

• Infection control: Adequate empirical 

antibiotics and Source Control. 

• Normotermia (or hipotermia) 

• Analgesia 

• Mechanical Ventilation. 

• Titrate minimun dose of  Termogenic 

drugs like inotropes. 



Sepsis 

Lactate 

VO2 

DO2 

Increase DO2 

1 

2 3 

1 Septic Shock 2 Resuscitated Shock 
Restored VO2 

3 Supranormal Resuscitation 

DO2 > 600 ml/min·m2  



DO2= CO x CaO2 

CaO2 Hb x 1.34 x SaO2/100  

Fluids 

Inotropes 

Vasopressors 

TREATMENTS 

O2 

PRBC 



NEJM 2014 

RCT, 450 patients/group 

Early Septic Shock 

Protocol Based EGDT: 

Requires Continous Central Venous Monitoring 

Indications to  DO2 if ScvO2 < 70% 

Protocol similar to Rivers 

Protocol Based Standard Therapy: 

Protocolized resuscitation without CV monitoring 

No special indications to  DO2 
 

Usual care 

First 6H 



If Hgb < 7.5,  

transfuse PRBC 

Lactate > 4, oliguria, mottled skin 



Monitorization 



Treatments 



Outcome 



Conclusions 

• Tissue dysoxia is playing an important role 

in the patho-physiology of sepsis: 

– Inadequate DO2 to VO2 

– Alterations in the microcirculation 

– Mitochondrial dysfunction. 

• Early hemodynamic resuscitation based in 

a balanced DO2/VO2. The ideal protocol 

and goal are not well established. 

 

 



Pillars of Sepsis Treatment 

ABX Source Control HMDC Resusc. 

Lactate Radiology 

YOUR speed is LIFE! 



 Timing of surgery in NSTI 

Wong CH et al., J Bone Joint Surg Am 2003, 85-A: 1454-60. 

 



SSC 2013 Guidelines 

The administration of effective intravenous 

antimicrobials within the first hour of recognition of 

septic shock (grade 1B) and severe sepsis without 

septic shock (grade 1C) should be the goal of 

therapy. 

Remark: Although the weight of the evidence 

supports prompt administration of antibiotics 

following the recognition of severe sepsis and 

septic shock, the feasibility with which clinicians 

may achieve this ideal state has not been 

scientifically evaluated. 



We recommend that initial empiric anti-

infective therapy include one or more 

drugs that have activity against all 

likely pathogens (bacterial and/or 

fungal or viral) and that penetrate in 

adequate concentrations into the 

tissues presumed to be the source of 

sepsis (grade 1B). 

Selection of Antibiotic 



Effective empirical antibiotics 

Crit Care Med 2003;31:2742–2751 

Risks: 

• Mortality 

• Morbidity 

• Length of 

hospital stay 

• Resistance 

selection 

• Cost burden 
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1.0 survival fraction 

cumulative antibiotic 
 initiation 

Early antibiotic treatment 

Kumar A et al. Crit Care Med 2006;34:1589-96 

Median time to 

effective 

antimicrobial therapy 

was 6 hrs 

2.154 patients with septic shock 

and appropriate antibiotics 



Mortality Risk with Increasing Delays in 
Initiation of Effective Antimicrobial Therapy 

Kumar A et al. Crit Care Med 2006;34:1589-96 



Septic shock secondary to Candidemia: 

importance of empiric therapy and source control 

• 224 patients with septic shock and 
candidemia 

• Multivariate logistic regression analysis 
showed as independently associated with 
hospital mortality 

– delayed antifungal therapy 

 (AOR, 33.75; 95% CI, 9.65 – 118.04; p = 0.005)  

– failure to achieve timely source control 

 (AOR, 77.40; 95% CI, 21.52 – 278.38; p = 0.001) 

Kollef MH. Clin Infect Dis 2012; 54:1739-46  
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Objective: To analyze the impact on hospital 

mortality of severe sepsis treatments 

included in the SSC guidelines in a 

prospective multicenter observational 

study (n= 2,796 adult patients with 

severe sepsis in 77 Spanish ICUs). 

Method: The effectiveness of each sepsis 

treatment was estimated by using PS. 

 AJRCCM 2009;180:861–866. 



Propensity Score. Antibiotics. 



0,4 0,6 0,8 1 1,2 1,4 1,6 1,8

Odds ratio

OR and 95% CI 

Broad spectrum AB: 

Fluid challenge# 

0-1 Hour 
1-3 Hour 
3-6 Hour 
Previous AB 
No AB first 6H 

Steroids in septic shock 

APC in MOF 

Fluid challenge, only severe sepsis 

Ferrer R et al. AJRCCM 2009;180:861–866 

Effectiveness of APC in MOF 

Final Model: All risk factors + Other TTMs + PS 

2.796 patients with severe sepsis or septic shock 



CCM 2014;42:1749-55 

Severe Sepsis and Septic Shock 

Empirical antibiotics after sepsis recognition 



Predicted hospital mortality and  95% CIs for time to first antibiotic administration 

Results adjusted by the sepsis severity score, ICU admission source ([ED], ward, vs ICU), 

and geographic region (Europe, United States, and South America) 



26.3% 68.6% 51.8% 78.2% 84.0% 87.5% 100% 

Median time to empiric antibiotics 



Adequate empirical 

antibiotics en less than 1H 

Not so easy! 



Selection of Antibiotics in Sepsis 

Antibiotic 

Host Pathogen 

Sensibility 

Resistance 

Pharmacology 

Toxicity 

Infection 

Inmunity 



Selection of Antibiotics in Sepsis 

Pathogen 

Source 

 

 



Recognition of the 

Source of Infection 

Lungs 

Urinary Tract 

Abdomen 

Endovascular Catheters 

Bilis 

Skin and soft tissue 

Meningitis 



Selection of Antibiotics in Sepsis 

Pathogen 

Source 

Setting: Community vs 

Nosocomial. 

 

 



ICU 

HOSPITAL 

HEALTHCARE 

COMMUNITY 

Setting and Adequate empiric antibiotics 
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HCAI: Risk factors 

• Received intravenous therapy at home; received 

wound care or specialized nursing care. 

• Attended a hemodialysis clinic or received 

intravenous chemotherapy in the 30 days before 

the infection. 

• Was hospitalized in an acute care hospital for 2 

or more days in the 90 days before the infection. 

• Resided in a nursing home or long-term care 

facility. 



Selection of Antibiotics in Sepsis 

Pathogen 

Source 

Setting: Community vs 

Nosocomial. 

Biofilms 

Local susceptibility 

patterns. 

Outbreak? 

Clinical syndrome: 

Shock 

Initial microbiological 

information 

 

 



Selection of Antibiotics in Sepsis 

Pathogen 

Source 

Setting: Community vs 

Nosocomial. 

Biofilms 

Local susceptibility 

patterns. 

Outbreak? 

Clinical syndrome: 

Shock 

Initial microbiological 

information 

 

 

Host 

Drug intolerances 

Previous colonization 

or infection. 

Recent antibiotics 

Comorbidities 

Immune Status 

 

 



Selection of Antibiotics in Sepsis 

Pathogen 

Source 

Setting: Community vs 

Nosocomial. 

Biofilms 

Local susceptibility 

patterns. 

Outbreak? 

Clinical syndrome: 

Shock 

Initial microbiological 

information 

 

 

Host 

Drug intolerances 

Previous colonization 

or infection. 

Recent antibiotics 

Comorbidities 

Immune Status 

 

 

Antibiotic 

Broad spectrum 

 



Broad-/extended-spectrum antimicrobials 
available for monotherapy 

Antibiotic 
Gram-

negative 
Gram-

positive 

Resistant 
Gram-

negative 

Resistant 
Gram-

positive 
Anaerobe 

 P. 
aeruginosa 

β-Lactam/  
β-Lactamase 
inhibitor 

3rd-Generation 
cephalosporins 

Tigecycline 

Glycopeptides 

Carbapenems 

Quinolones 

Varies by product within class 
In vitro activity 
No in vitro activity 

No Proteus 

In vitro activity does not necessarily correlate with clinical efficacy 
 



Selection of Antibiotics in Sepsis 

Pathogen 

Source 

Setting: Community vs 

Nosocomial. 

Biofilms 

Local susceptibility 

patterns. 

Outbreak? 

Clinical syndrome: 

Shock 

Initial microbiological 

information 

 

 

Host 

Drug intolerances 

Previous colonization 

or infection. 

Recent antibiotics 

Comorbidities 

Immune Status 

 

 

Antibiotic 

Broad spectrum 

Bactericidal Activity 

Post-Antibiotic effect 

PK/PD. Tissue 

penetration 

Elimination by CRRT 

 



Antifungals and CRRT 

• Fluconazol is removed by hemofiltration. 

• All equinocandins are NOT removed by 

hemofiltration but can be adsorbed to filters. 

• High dose of Fluconazol (800 mg/d). 

• The removal of echinocandins by adsorption to the synthetic surfaces of 

hemofilters is unlikely to have clinical relevance. Same dose. 



Selection of Antibiotics in Sepsis 

Pathogen 

Source 

Setting: Community vs 

Nosocomial. 

Biofilms 

Local susceptibility 

patterns. 

Outbreak? 

Clinical syndrome: 

Shock 

Initial microbiological 

information 

 

 

Host 

Drug intolerances 

Previous colonization 

or infection. 

Recent antibiotics 

Comorbidities 

Immune Status 

 

 

Antibiotic 

Broad spectrum 

Bactericidal Activity 

Post-Antibiotic effect 

PK/PD. Tissue 

penetration 

Elimination by CRRT 

Toxicity 

Availability 

Cost 

 



Antibiotic Combination Therapy 
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ABISS Edusepsis Study 
Antibiotic Intervention in Severe Sepsis 



Objectives 

• Efficacy: 

– Reduce time to empiric antibiotic in severe sepsis. 

– Increase appropriateness of antibiotic treatment 

–  Reduce hospital mortality. 

• Safety: 

– Increase antibiotic deescalation. 

By a multifaceted quality-improvement 
intervention in patients with severe sepsis/septic 
shock admitted to the Spanish ICUs. 



 

Gamification 



Results 

• 72 hospitals in Spain. 

• 2576 patients: PRE 1,325, POST: 1,251 

• Age 64.1 ± 15.1 years, 54.1% male. 

• CHARLSON 2.7 ± 2.2 

• Septic Shock 67.6%, 32.4% severe sepsis. 

• Bacteriemia: 33% 

• APACHE-II 22 ± 8. 

• SOFA 9 ± 3 

• PCT 25 ± 35 

 



Results: Antibiotics 

p< 0.001 p= 0.020 



Results 

p= 0.002 p= 0.001 



Results 

p= 0.422 p= 0.182 



Time-dependent Diseases 

AMI STROKE TRAUMA SEPSIS 

Clinical 

Recognition 
Easy Easy Easy Complex 

Population Homogeneous Homogeneous Heterogeneous Heterogeneous 

Biomarker YES NO NO YES/NO 

Complex 

Treatment 

Algorithms 

++ ++ +++ +++ 

Multidisciplinary 

Approach 
+ ++ +++ +++ 

Well 

established 

guidelines 

+++ +++ +++ ++ 

Code Yes Yes Yes +/- 



• Sepsis Code: The health care system is 

organized to provide early treatment in all 

the area. 

• Sepsis Unit, sepsis team: Hospitals are 

organized to warrant early delivery of 

treatments. 

• Prescription support. Local guidelines. 

• Innovation in the microbiology lab: early 

and precise information. 

 

Other Strategies 



Ordenación Atención de la Sepsis 

Comunidad Autónoma 

• Agentes implicados: 

– Primaria 

– Transporte 

– Hospitales 

• Niveles asistenciales y requisitos: Quien 

pude hacer que. 

• Sectorización: Donde 

• Evaluación: Registro e Indicadores 





• Early detection 

• Rapid response teams 

• Audit: Quality 
indicators 

• Quality improvement 
interventions 

 

Kumar A et al.  

Current Opinion in Critical Care 2009, 

15:301–307 

Atención de la Sepsis en los Hospitales 



Activar codi xoc sèptic 

Avisar metge adjunt 

Criteris d’inclusió? 

(A + B +C) 

Criteris d’inclusió 

A. Sospita d’infecció 

B. Un o més signes: 

      Tª <36ºC o Tª >38ºC 

      FC >90bpm 

      GCS <15 

      FR >20 rpm 

C. Disfunció cardiovascular: 

      TA sist <90mmHg o TAM*           

<65mmHg 

      ↓TA sist >40mmHg en HTA 

      Lactat >3mmol/L 

No continuar 

Trajectòria 

Criteris exclusió? 

Sí 

No 

 

BUNDLE DE 

RESUCITACIÓ 

 

Criteris d’exclusió 

 Deteriorament cognitiu greu 

 Deteriorament funcional 

important (Rankin >2) 

 Malaltia onco/hematològica en 

tractament pal·liatiu 

Malaltia neurològica 

degenerativa avançada 

Malalt amb limitació de l’esforç 

terapèutic 

Cirrosi Child C 

Tractament: 

 Administració de volum: 1.500 cc de sèrum salí en una hora (mínim 

20 ml / Kg) 

 ADMINISTRACIÓ PRECOÇ D’ANTIBIÒTIC EMPÍRIC (PROA) 

 Avaluar focus evacuable de sèpsia 

TAM ≥65 mmHg després  

d’administrar volum  

Sí 

No 

 Avisar metge UCI (182710) 

Iniciar Noradrenalina 8 mg en 80 cc SG5% a 4 ml/h i 

revalorar en 10 minuts. Si persisteix doblar perfusió. Monitorització estricta 

Sí 

Hora: .................. 

LLoc: .................. 

Anotacionsmèdiques......................................................................................................................................................................................................

...........................................................................................................................................................................................................................................

...........................................................................................................................................................................................................................................

...........................................................................................................................................................................................................................................

...........................................................................................................................................................................................................................................

........................................................................................................................................................................................................................................... 

PVC >8 o signes 

de congestió pulmonar? 

Sí 

Cristal·loide 500ml/10 min   

o voluven 500 ml/10 min 

No 

Data: ____/____/____ 

 

AVALUACIÓ DEL PACIENT 

*TAM= TAD + (TAS-TAD/3) 

Procediments: 

 Realitzar hemocultius (2 extraccions simultànies, una de cada braç) 

 Analítica (perfil codi sèpsia) + lactat + gasometria venosa central 

 Canalitzar 2 vies perifèriques: 

1) Calibre......  Lloc ........................ 2) Calibre....... Lloc ......................... 

 Col·locar drum amb control PVC. Lloc ..............................................  

 Radiografia de comprovació del drum 

 Sonda vesical amb urimèter. Tipus................................... 

CODI METGE  I  I  I  I  I 



Septic Shock 



Crit Care Med 2011; 39:252–258 

The sepsis response team members 

Elements of the sepsis resuscitation bundle 



Compliance with 

sepsis bundles 

Independent 

predictors of 

mortality 

Crit Care Med 2011; 39:252–258 



Help for Prescription: Guidelines 



NO 

*Hospitalización >1 mes, colonización Candida R 

Factores de riesgo CI  

•Hospitalización >10 d y ± 2 

de los siguientes: 

•ATB de amplio espectro 

•Nutrición Parenteral y/o vía 

central 

•APACHE II >25 puntos 

•Neoplasia  

•Corticoides 

•PAG 

•Vía femoral 

•IR con TRR 

NO 

Paciente Médico UCI con Sospecha  

Infección y sin foco evidente 

NO 

SÍ 

No infección fúngica 

Hemocultivos Valorar  

retirar catéteres Muestras  

Resp, Orina, Heridas 

Factores de 

Riesgo CI 

Shock o SG 

SÍ 

NO 

NO 

SÍ 

SÍ 

Equinocandina  

(Considerar suspensión o  

desescalado según  

Recomendaciones ÉPICO.2) 

Fluconazol 

(Considerar suspensión  

según Recomendaciones 

ÉPICO.2) 

Estudio 

Colonización 

Semanal 

Iniciar 

Antifúngicos 

No 

disponible 

Desconocida 

Hemocultivos Negativa Positiva 

Hemocultivos 

IC >0,4 

RTA clínica 

72 H 

Técnica NO 
basada cultivo 

HDFVVC 

Azoles Previos 

Riesgo 

Candida R+ 

SÍ 

Help for Prescription: Algorithm 



Help for Prescription 

Clinical  Decision Support System 



Help for Prescription: Local Guidelines 

Catalan Sepsis Code 

 

 

 

SOURCE 
 

COMMUNITY 
 

RISK FACTORS FOR 

MULTIRESISTANT MO 
INTOLERANCE INTOLERANCE 

 

RESPIRATORY 

 

3rd-Generation 

cephalosporins + 

macrolide 

 

Levofloxacin 

 

Antipseudomonal Beta-

lactams + linezolid + 

levofloxacin 

 

Aztreonam 

+ Linezolid  

+ levofloxacin 

 

ABDOMINAL 

 

3rd-Generation 

cephalosporins + 

amikacin + 

metronidazol 

 

Ertapenem 

 

Meropenem o  

Piperacillintazobactam 

+/- equinocandin 

 

Aztreonam + 

metronidazol + 

Vancomycin 

+/- equinocandin 

 

UTI 

 

3rd-Generation 

cephalosporins + 

amikacin 

 

Ertapenem 

 

Meropenem 

+amikacina 

 

Aztreonam + amikacina 

+ Vancomycin 

 

SKIN 

 

Piperacilllin tazo 

bactam + 

clindamycin 

 

Aztreonam + 

clindamycin 

 

Piperacillin tazobactam 

+ Vancomycin 

 

tigecycline+ amikacina 

 

MENINGITIS 

 

Cefotaxima +/- 

Vancomycin+/- 

Ampicillin 

 

Vancomycin+/- 

aztreonam +/- 

Cotrimoxazol 

 

Meropenem  

+ Vancomycin or 

linezolid  

 

Aztreonam + 

Vancomycin or linezolid 

 

UNKNOWN 

 

meropenem  + Vancomycin 



Local Antibiotic Guide 



Better sensitivity 

Better time-to-diagnosis 



Take Home Messages 

         

• Incidence of sepsis is increasing. 

• Mortality is decreasing. 

• Tissue dysoxia is playing an important 
role in the pathogenesis. 

• Early identification is crucial. 



Take Home Messages 

Sepsis is time dependent: TEMPUS FUGIT 



Take Home Messages 

        Early Treatment based on: 

• Correct stratification 

• Bundles and guidelines. 

• Infection Setting and local resistance 
pattern. 

• Source of infection 

• Microbiological information. 

 



rferrer@mutuaterrassa.es 

Ricard Ferrer 
Intensive Care Department 

Mutua Terrassa University Hospital 
Barcelona. SPAIN 


