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ObjectivesObjectives
•• Understand the causes and management of sepsis.Understand the causes and management of sepsis.
•• Review physiology of sepsisReview physiology of sepsis
•• Understand the importance of sepsis guidelinesUnderstand the importance of sepsis guidelines
•• Discuss the importance of how you can make the most Discuss the importance of how you can make the most 
difference in not only the management, but especially difference in not only the management, but especially 
the prevention of Sepsisthe prevention of Sepsis



MultiMulti--professional ICU Teamsprofessional ICU Teams
Discipline=Critical careDiscipline=Critical care

•• IntensivistsIntensivists
•• NursesNurses
•• Respiratory TherapistsRespiratory Therapists
•• PharmacistsPharmacists
•• NutritionistsNutritionists
•• Physical and occupational therapistsPhysical and occupational therapists



Many times in icu in crisisMany times in icu in crisis





History of SepsisHistory of Sepsis
SEPSIS AND THE ANCIENT GREEKS AND ROMANSSEPSIS AND THE ANCIENT GREEKS AND ROMANS

•• The word The word ‘‘‘‘sepsissepsis’’’’ derives from the Greek derives from the Greek ‘‘‘‘shjizshjiz’’’’ which refers to the which refers to the ‘‘‘‘decomposition decomposition 
of animal, or vegetable or organic matter in the presence of bacof animal, or vegetable or organic matter in the presence of bacteria.teria.’’’’

•• The first use of The first use of ‘‘‘‘sepsissepsis’’’’ in the medical context occurred over 2700 years ago in the in the medical context occurred over 2700 years ago in the 
poems of Homer. In this use, the term poems of Homer. In this use, the term ‘‘‘‘sepsissepsis’’’’ derives directly from the word derives directly from the word ‘‘‘‘seposepo’’’’, , 
which means which means ‘‘‘‘I rot.I rot.’’’’

•• The term is also found in the writings of the great physician anThe term is also found in the writings of the great physician and philosopher d philosopher 
Hippocrates (circa 400 BC) in his Corpus Hippocraticum.Hippocrates (circa 400 BC) in his Corpus Hippocraticum.

•• Hippocrates is well known for the introduction of the concept ofHippocrates is well known for the introduction of the concept of dysregulated body dysregulated body 
humors (the bodily fluids of blood, yellow bile, black bile, andhumors (the bodily fluids of blood, yellow bile, black bile, and phlegm) as a cause of phlegm) as a cause of 
disease.disease.



History of SepsisHistory of Sepsis
•• Hippocrates viewed sepsis as the dangerous, odiferous, Hippocrates viewed sepsis as the dangerous, odiferous, 
biological decay that could occur in the body. biological decay that could occur in the body. 

•• It was further believed that this biological decay It was further believed that this biological decay 
occurred in the colon and released occurred in the colon and released ‘‘‘‘dangerous dangerous 
principlesprinciples’’’’ that could cause that could cause ‘‘‘‘autoauto--intoxication.intoxication.’’’’

•• Hippocrates was one of the first to examine Hippocrates was one of the first to examine antisepsis antisepsis 
properties properties of potential medicinal of potential medicinal compounds including compounds including 
alcohol in wine alcohol in wine and vinegar.and vinegar.



EARLY WORK ON THE TRANSMISSION OF EARLY WORK ON THE TRANSMISSION OF 
INFECTIOUS DISEASE AND THE DISCOVERY OF INFECTIOUS DISEASE AND THE DISCOVERY OF 

‘‘‘‘ANIMACULESANIMACULES’’’’

•• Marcus Terentius Varro, in Marcus Terentius Varro, in ‘‘‘‘De re rustica libri IIIDe re rustica libri III’’’’
(three books on agriculture circa 100 BC), was the first (three books on agriculture circa 100 BC), was the first 
to articulate the notion of contagion.to articulate the notion of contagion.

•• He suggested, He suggested, ‘‘‘‘small creatures invisible to the eye, fill small creatures invisible to the eye, fill 
the atmosphere, and breathed through the nose cause the atmosphere, and breathed through the nose cause 
““dangerous diseases.dangerous diseases.’’’’

•• In the millennia since his insightful analysis, major In the millennia since his insightful analysis, major 
pandemics of bubonic and pneumonic plague, cholera, pandemics of bubonic and pneumonic plague, cholera, 
smallpox, measles, tuberculosis, syphilis, gonorrhea smallpox, measles, tuberculosis, syphilis, gonorrhea 
and influenza have devastated the human population.and influenza have devastated the human population.



History of SepsisHistory of Sepsis
•• Anthony van Leeuwenhoek (1632Anthony van Leeuwenhoek (1632––1723) had no 1723) had no 
scientific background or medical training, yet he was scientific background or medical training, yet he was 
able to build his own compound microscope and made able to build his own compound microscope and made 
a number of significant discoveries toadvance the study a number of significant discoveries toadvance the study 
of infectious disease.of infectious disease.

•• LeeuwenhoekLeeuwenhoek’’s first description and drawings of s first description and drawings of 
‘‘‘‘animaculesanimacules’’’’ in 1674, including spheres, rods and in 1674, including spheres, rods and 
spirals (ie, cocci, bacilli and spirochetes), paved the spirals (ie, cocci, bacilli and spirochetes), paved the 
way for other scientists to further develop germ theoryway for other scientists to further develop germ theory



We Have Come a Long We Have Come a Long 
WayWay

•• Or have we?Or have we?
•• Death is still extremely high for a disease that has been Death is still extremely high for a disease that has been 
around since the dawn of timearound since the dawn of time



Sepsis: A Complex Sepsis: A Complex 
DiseaseDisease

•• This Venn diagram This Venn diagram 
provides a provides a 
conceptual conceptual 
framework to view framework to view 
the relationships        the relationships        
between various between various 
components of components of 
sepsis.sepsis.

•• The inflammatory  The inflammatory  
changes of sepsis are changes of sepsis are 
tightly linked to tightly linked to 
disturbed disturbed 
hemostasis.hemostasis.

Adapted from: Bone RC et al. Chest. 1992;101:1644-55.
Opal SM et al. Crit Care Med. 2000;28:S81-2.



Sepsis: DiagnosisSepsis: Diagnosis
•• SirsSirs: inflammatory response to wide variety of severe : inflammatory response to wide variety of severe 
clinical insults, manifested by 2 or more following clinical insults, manifested by 2 or more following 
conditions:conditions:
•• Temperature > 38 degrees C. or < 36 degrees C.Temperature > 38 degrees C. or < 36 degrees C.
•• Heart rate > 90 bpmHeart rate > 90 bpm
•• Respiratory Rate > 20 bpm or PaC02 < 32 mm HgRespiratory Rate > 20 bpm or PaC02 < 32 mm Hg
•• WBC > 12,000 or < 4000 or > 10% bandsWBC > 12,000 or < 4000 or > 10% bands

•• SepsisSepsis: SIRS to documented infection: SIRS to documented infection……manifestations manifestations 
are same as SIRSare same as SIRS



Sepsis: DefinitionSepsis: Definition
•• Severe Sepsis: Severe Sepsis: SIRS associated with organ SIRS associated with organ 

dysfunction, hyppoperfusion, or hypotension dysfunction, hyppoperfusion, or hypotension 
(acidosis, oliguria, confusion, oxygen dysfunction, (acidosis, oliguria, confusion, oxygen dysfunction, 
etc.)etc.)

•• Septic Shock/SIRS Shock :Septic Shock/SIRS Shock : subset of severe sepsis subset of severe sepsis 
and defined as induced hypotension despite and defined as induced hypotension despite 
adequate fluid resuscitation along with perfusion adequate fluid resuscitation along with perfusion 
abnormalities: oliguria, acidosis, etc.abnormalities: oliguria, acidosis, etc.

•• MODS:MODS: Presence of altered organ function in Presence of altered organ function in 
acutely ill patientsacutely ill patients…….homeostasis cannot be .homeostasis cannot be 
maintained without interventionmaintained without intervention



PIRO Model of SepsisPIRO Model of Sepsis
““TNMTNM--typetype”” for potential stagingfor potential staging

•• PP----------Predisposition: Genetics, Chronic illness, Predisposition: Genetics, Chronic illness, 
Cultural AttitudesCultural Attitudes

•• II------------Insult: Infection, Endotoxin, Injury, Insult: Infection, Endotoxin, Injury, 
IschemiaIschemia

•• RR------------Response: Physiologic, Specific Mediators, Response: Physiologic, Specific Mediators, 
Generic MarkersGeneric Markers

•• OO----------Organ Dysfunction: Shock, ARDS, etc.Organ Dysfunction: Shock, ARDS, etc.



SEPSIS: The difference between SEPSIS: The difference between 
Medicine and Surgery PatientsMedicine and Surgery Patients

•• Surgical Sepsis vs. Medical Sepsis?Surgical Sepsis vs. Medical Sepsis? There is a There is a 
difference! difference! 

•• Medical SepsisMedical Sepsis
•• Present with sepsisPresent with sepsis
•• Not mechanically ventilated in the beginningNot mechanically ventilated in the beginning



Surgical (Trauma) SepsisSurgical (Trauma) Sepsis

•• Already have Already have Cytokine Cytokine ““HITHIT”” from Stress of from Stress of 
Trauma or SurgeryTrauma or Surgery

•• Usually already on Ventilator with Usually already on Ventilator with 
Respiratory WeaknessRespiratory Weakness if not Failureif not Failure



Surgical SepsisSurgical Sepsis
•• Possible Possible Hemodynamic changesHemodynamic changes due to 3due to 3rdrd
spacing of fluids; invasive hemodynamic spacing of fluids; invasive hemodynamic 
monitoringmonitoring——guiding resuscitationguiding resuscitation

•• Already significant cytokines / inflammation Already significant cytokines / inflammation 
circulating: may be low on the circulating: may be low on the ““radar screenradar screen””
due to prior surgical proceduredue to prior surgical procedure



CMC EXPERIENCECMC EXPERIENCE
Poster Presentation SCCM 2004Poster Presentation SCCM 2004

Time from admit to diagnosis: 3 days vs. 8 daysTime from admit to diagnosis: 3 days vs. 8 days

DIC: higher incidence in Medical patientsDIC: higher incidence in Medical patients

Bleeding Risk: > 9% vs. 3.5%Bleeding Risk: > 9% vs. 3.5%



Surgical SepsisSurgical Sepsis
•• Sepsis starts Sepsis starts later in hospital courselater in hospital course —— more more 
resistant organisms, etc.resistant organisms, etc.

•• May already have 1May already have 1--2 organs 2 organs ““HITHIT”” when when 
sepsis begins (sepsis begins (22ndnd HIT phenomenonHIT phenomenon))



Surgical SepsisSurgical Sepsis
Includes Trauma PatientsIncludes Trauma Patients

•• ““smoldering sepsissmoldering sepsis””——low level vs. low level vs. 
profoundprofound

•• Managed differently:  fluids/ Managed differently:  fluids/ 
wounds/etc.wounds/etc.

•• WoundsWounds: another organ dysfunction?: another organ dysfunction?



SEPSIS: A COMPLEX SEPSIS: A COMPLEX 
DISEASEDISEASE

•• SEPSIS: WHAT IS IT?SEPSIS: WHAT IS IT?

•• A disorder of coagulationA disorder of coagulation

•• SEPSIS: WHERE DOES IT TAKE PLACE?SEPSIS: WHERE DOES IT TAKE PLACE?

•• ENDOTHELIUM:ENDOTHELIUM:
•• Throughout BODYThroughout BODY
•• small ORGAN blood vesselssmall ORGAN blood vessels



ENDOTHELIUM:ENDOTHELIUM:
MOLECULAR LEVELMOLECULAR LEVEL

•• Endothelium is normally anticoagulated by natural Endothelium is normally anticoagulated by natural 
APC, etc.APC, etc.

•• Sepsis induced decrease in APC allows thrombosis at Sepsis induced decrease in APC allows thrombosis at 
endothelial levelendothelial level

•• Thrombosis allows cell dysfunction and persistent Thrombosis allows cell dysfunction and persistent 
organ perfusion defectsorgan perfusion defects



ENDOTHELIUM:ENDOTHELIUM:
MOLECULAR LEVELMOLECULAR LEVEL

•• Sepsis:Sepsis:
•• Nuclear factor Nuclear factor kappakappa--BB
•• Activation occurs early in SIRS, SEPSIS, ALIActivation occurs early in SIRS, SEPSIS, ALI

•• NF NF kappakappa B required for transcription of proB required for transcription of pro--inflammatory mediatorsinflammatory mediators
•• Increases Increases ICAMICAM——intracellular adhesion moleculeintracellular adhesion molecule
•• Enzymes: nitric oxide syntheaseEnzymes: nitric oxide synthease
•• Cytokines ILCytokines IL--11
•• Chemokines ILChemokines IL--88
•• Etc.Etc.



Severe SepsisSevere Sepsis
Endothelial DysfunctionEndothelial Dysfunction



Can Start with Line Sepsis Can Start with Line Sepsis 
and End with Deathand End with Death





THE ENDOTHELIUM:THE ENDOTHELIUM:
Not Just Another OrganNot Just Another Organ



Pathophysiology of Severe SepsisPathophysiology of Severe Sepsis



1 hour and 3 hours after septic 1 hour and 3 hours after septic 
insult in rat modelinsult in rat model——
visceral not tonguevisceral not tongue



Changes in Microcirculation Changes in Microcirculation 
with APC treated animalswith APC treated animals

Leukocyte adhesion was suppressed at 1 and 3 hoursLeukocyte adhesion was suppressed at 1 and 3 hours





Biochemical Markers of SepsisBiochemical Markers of Sepsis
research and future useresearch and future use

•• InterleukinInterleukin--6:6: elevated in sepsis/ correlates with elevated in sepsis/ correlates with 
severity.  Higher in infected patients with SIRSseverity.  Higher in infected patients with SIRS

•• CC--reactive Protein:reactive Protein: acute phase reactant. Increased acute phase reactant. Increased 
after exposure to ILafter exposure to IL’’s. diagnostic marker for s. diagnostic marker for 
inflammation.  inflammation.  



Biochemical Markers Biochemical Markers 
of Sepsisof Sepsis

•• Procalcitonin:Procalcitonin: derived from preprohormone derived from preprohormone preprocalcitonin.  Have better predictive value for preprocalcitonin.  Have better predictive value for sepsis than ILsepsis than IL--6 or C6 or C--reactive protein.  Associated reactive protein.  Associated with severity of infection and organ dysfunction. with severity of infection and organ dysfunction. Significant amount of research using this as a Significant amount of research using this as a marker of antibiotic usemarker of antibiotic use…………..

•• High Mobility GroupHigh Mobility Group--B1:B1: macrophage derived macrophage derived proinflammatory cytokine.  Acts through NFproinflammatory cytokine.  Acts through NF--kB kB mediated mechanism. Participates in activation mediated mechanism. Participates in activation endothelium in sepsis.  Increased in patients dying endothelium in sepsis.  Increased in patients dying of severe sepsis!of severe sepsis!



Hemodynamic Monitoring in Hemodynamic Monitoring in 
the Patient the Patient 

With Severe SepsisWith Severe Sepsis
•• Adequacy of tissue perfusionAdequacy of tissue perfusion
•• Vital sign trendsVital sign trends

••BP alone is not adequateBP alone is not adequate
•• Surrogate measurements for tissue perfusionSurrogate measurements for tissue perfusion

••Urine outputUrine output
••Serum lactateSerum lactate
••Capillary refillCapillary refill



What is What is ““EarlyEarly””
Dysfunction?Dysfunction?

Clinical / Laboratory Tools to Identify Clinical / Laboratory Tools to Identify 
Organ DysfunctionOrgan Dysfunction

•• Respiratory:Respiratory: Pa02 < 70 mmHg (minimal settings), Pa02 < 70 mmHg (minimal settings), 
Sa02 < 90%, Pa02/FI02 < 300 Sa02 < 90%, Pa02/FI02 < 300 

•• Renal:Renal: Increased creatinine, not just anuriaIncreased creatinine, not just anuria
•• Hepatic:Hepatic: low albumin, increased bilirubin. Not just low albumin, increased bilirubin. Not just 
jaundicejaundice

•• Cardiac:Cardiac: signs of hypoperfusion, not just septic shocksigns of hypoperfusion, not just septic shock
•• Neuro:Neuro: altered conciousness (difficult in ventilated altered conciousness (difficult in ventilated 
patients)patients)

•• Endocrine:Endocrine: hyperglycemia, low albumin, low cortisol hyperglycemia, low albumin, low cortisol 
Balk, et al. Crit Care Clin 2000



Organ FailureOrgan Failure
•• Average risk of death increases 15% Average risk of death increases 15% -- 20% with failure 20% with failure 
of each additional organof each additional organ
•• Median Median –– 2 organ failure with associated mortality rate 2 organ failure with associated mortality rate 
of 30% of 30% -- 40%40%
•• Changes in renal, neurological and hematologic best Changes in renal, neurological and hematologic best 
correlate to increased mortalitycorrelate to increased mortality



MicroMicro--vascular vascular 
ClottingClotting



SEPSISSEPSIS
•• More than 750,000 cases of sepsis or septic shock in the More than 750,000 cases of sepsis or septic shock in the United States each yearUnited States each year

(3.0 cases/1000 population)(3.0 cases/1000 population)

•• 215,000 deaths each year 215,000 deaths each year (9.3% of all deaths)(9.3% of all deaths)

•• Estimated annual increase 1.5% per yearEstimated annual increase 1.5% per year
•• 934,000 in 2010934,000 in 2010
•• 1,110,000 in 20201,110,000 in 2020

•• Estimated annual cost $16.7 billion Estimated annual cost $16.7 billion 

Angus et al crit care med 2001;29:1303Angus et al crit care med 2001;29:1303--1010



Sepsis PrognosisSepsis Prognosis
•• The prognosis in most patients is good, except in those The prognosis in most patients is good, except in those 
with intrawith intra--abdominal or pelvic abscesses due to organ abdominal or pelvic abscesses due to organ 
perforation. perforation. 

•• The underlying physiologic condition of the host is the The underlying physiologic condition of the host is the 
primary determinant of outcome.primary determinant of outcome.

•• A systematic review by Winters et al suggested that, A systematic review by Winters et al suggested that, 
beyond the standard 28beyond the standard 28--day inday in--hospital mortality hospital mortality 
endpoint, ongoing mortality rates in patients with endpoint, ongoing mortality rates in patients with 
sepsis remain elevated up to 2 years and beyond.sepsis remain elevated up to 2 years and beyond.In In 
addition, survivors consistently demonstrate impaired addition, survivors consistently demonstrate impaired 
quality of life.[quality of life.[

Best Evidence] Winters BD, Eberlein M, Leung J, Needham DM, Pronovost PJ, 
Sevransky JE. Long-term mortality and quality of life in sepsis: a systematic review. 
Crit Care Med. May 2010;38(5):1276-83.



HOW SHOULD WE HOW SHOULD WE 
APPROACH SEPSIS?APPROACH SEPSIS?

•• Recognize EarlyRecognize Early
•• Sirs / Organ failureSirs / Organ failure
•• Document!Document!

•• Team ApproachTeam Approach
•• MD, Nursing, PharmD., RespTherapyMD, Nursing, PharmD., RespTherapy
•• Sepsis Sepsis ““SWAT TEAMSWAT TEAM”” (Code Sepsis Teams)(Code Sepsis Teams)

•• Organized ManagementOrganized Management
•• Guidelines, StandardizationGuidelines, Standardization

•• Process ImprovementProcess Improvement



Team ApproachTeam Approach
•• Organized Organized –– 24/724/7
•• All patients with infectionAll patients with infection
•• SIRSSIRS

•• Guidelines Guidelines –– ICU managementICU management
•• Early Goal Directed Therapy / resuscitationEarly Goal Directed Therapy / resuscitation
•• Antibiotics / antifungalsAntibiotics / antifungals
•• GlucoseGlucose
•• Blood TransfusionBlood Transfusion
•• ALI / VentilatorALI / Ventilator



Surviving Sepsis Surviving Sepsis 
CampaignCampaign

Guidelines for Management of Severe Sepsis and Guidelines for Management of Severe Sepsis and 
Septic ShockSeptic Shock

Critical Care Medicine 2004/2008 Critical Care Medicine 2004/2008 



Surviving Sepsis CampaignSurviving Sepsis Campaign--SCCMSCCM
http://www.survivingsepsis.orghttp://www.survivingsepsis.org



Surviving Sepsis CampaignSurviving Sepsis Campaign

•• An international (11 CC organizations) effort to An international (11 CC organizations) effort to 
increase the awareness and improve outcome in severe increase the awareness and improve outcome in severe 
sepsis.sepsis.

•• Increase, awareness, understanding and knowledgeIncrease, awareness, understanding and knowledge
•• Change perceptions and behaviorsChange perceptions and behaviors
•• Increase the pace of change in patterns of careIncrease the pace of change in patterns of care
•• Influence public policy Influence public policy 
•• Define standards of care in severe sepsisDefine standards of care in severe sepsis
•• Reduce mortality associated with sepsis by 25% in 5 yearsReduce mortality associated with sepsis by 25% in 5 years



EARLY!!!!!!!!!!!EARLY!!!!!!!!!!!
•• Education surrounds early diagnosisEducation surrounds early diagnosis
•• Early antibiotic treatmentEarly antibiotic treatment
•• Early and aggressive fluid resuscitationEarly and aggressive fluid resuscitation
•• Early DVT and ulcer treatment prophylaxisEarly DVT and ulcer treatment prophylaxis
•• Early administration of XigrisEarly administration of Xigris
•• STANDARDIZE!STANDARDIZE!



Surviving Sepsis Campaign GuidelinesSurviving Sepsis Campaign Guidelines

““(Sepsis) Similar to an acute myocardial ischemic attack and an (Sepsis) Similar to an acute myocardial ischemic attack and an 
acute brain attack, the speed and appropriateness of therapy acute brain attack, the speed and appropriateness of therapy 
administered in the initial hours after the syndrome develops administered in the initial hours after the syndrome develops 

likely influence outcomelikely influence outcome””

Dellinger



Surviving Sepsis CampaignSurviving Sepsis Campaign

•• An international effort to increase the awareness and An international effort to increase the awareness and 
improve outcome in severe sepsis.improve outcome in severe sepsis.

•• Increase, awareness, understanding and knowledgeIncrease, awareness, understanding and knowledge
•• Change perceptions and behaviorsChange perceptions and behaviors
•• Increase the pace of change in patterns of careIncrease the pace of change in patterns of care
•• Influence public policy Influence public policy 
•• Define standards of care in severe sepsisDefine standards of care in severe sepsis
•• Reduce mortality associated with sepsis by 25% in 5 yearsReduce mortality associated with sepsis by 25% in 5 years



Surviving Sepsis Surviving Sepsis 
CampaignCampaign

•• Phase IPhase I: Initiated October 2002 with the Barcelona : Initiated October 2002 with the Barcelona 
Declaration to improve survival in severe sepsisDeclaration to improve survival in severe sepsis

•• Phase II: Phase II: A group of critical care and infectious A group of critical care and infectious 
disease experts in the diagnosis and management of disease experts in the diagnosis and management of 
infection and sepsis, representing 11 organizations, infection and sepsis, representing 11 organizations, 
produced these guidelines for the bedside clinician.produced these guidelines for the bedside clinician.
•• No industry inputNo industry input

•• Phase III: Phase III: Targets to implement a core set of the Targets to implement a core set of the 
following recommendations in hospitals where following recommendations in hospitals where 
change in behavior and clinical impact can be change in behavior and clinical impact can be 
measuredmeasured





Initial ResuscitationInitial Resuscitation

•• Goal of 1Goal of 1stst 6 hours to resuscitate sepsis induced 6 hours to resuscitate sepsis induced 
hypoperfusion (Early Goalhypoperfusion (Early Goal--directed Therapy)directed Therapy)

•• CVP 8CVP 8--12 mm Hg (1212 mm Hg (12--15 if mechanically ventilated)15 if mechanically ventilated)
•• MAP MAP ≥≥ 65 mm Hg65 mm Hg
•• UOP UOP ≥≥ 0.5 ml/kg/hour0.5 ml/kg/hour
•• Central venous or mixed venous oxygenation saturation Central venous or mixed venous oxygenation saturation 
≥≥ 70%70%

•• Institute for Healthcare ImprovementInstitute for Healthcare Improvement’’s 6 hour and 24 s 6 hour and 24 
hour sepsis bundles!hour sepsis bundles! B



Initial ResuscitationInitial Resuscitation

•• During 1During 1stst 6 hours:6 hours:
•• IfIf adequate CVP obtained,adequate CVP obtained,
•• andand central venous or mixed venous oxygenation central venous or mixed venous oxygenation 
saturation saturation ≥≥ 70%70%

•• ThenThen transfuse pRBCtransfuse pRBC’’s to achieve HCT s to achieve HCT ≥≥ 30% 30% 
•• and/orand/or administer dobutamine infusion administer dobutamine infusion 

B
Rivers et al. N Engl J Med 2001;345:1368-1377



DiagnosisDiagnosis

•• Appropriate culturesAppropriate cultures
•• At least 2 blood culturesAt least 2 blood cultures
•• 1 percutaneous and one each vascular access device 1 percutaneous and one each vascular access device 
(unless inserted < 48 hrs ago)(unless inserted < 48 hrs ago)

•• Appropriate diagnostic studies promptly       if patient Appropriate diagnostic studies promptly       if patient 
stablestable

D

E



Antibiotic TherapyAntibiotic Therapy

•• Started within 1Started within 1stst hour of recognition of sepsis, hour of recognition of sepsis, 
after appropriate culturesafter appropriate cultures
•• Establishing a supply of premixed antibiotics in ER Establishing a supply of premixed antibiotics in ER 
or Critical Care unit for such urgent situations is an or Critical Care unit for such urgent situations is an 
appropriate strategy to increase likelihood of prompt appropriate strategy to increase likelihood of prompt 
administrationadministration

•• Broad enough to cover all likely pathogensBroad enough to cover all likely pathogens
•• Inappropriate antibiotic choice associated with Inappropriate antibiotic choice associated with 
adverse outcomeadverse outcome

E

D

D

McCabe et al. Arch Intern Med 1962;110:92-100
Kreger et al.  Am J Med 1980;62:344-55
Leibvici et al. J Intern Med 1998;244:379-86
Ibrahim et al. Chest 2000;118:146-55



Antibiotic TherapyAntibiotic Therapy

•• Reassess after 48Reassess after 48--72 hours on the basis of 72 hours on the basis of 
clinical and microbiologic data with aim of clinical and microbiologic data with aim of 
using a narrow spectrum antibiotic to:using a narrow spectrum antibiotic to:
•• Prevent development of resistancePrevent development of resistance
•• Reduce toxicityReduce toxicity
•• Reduce costReduce cost

•• Stop antibiotics if clinical syndrome Stop antibiotics if clinical syndrome 
determined to be nondetermined to be non--infectiousinfectious

E

E



Source ControlSource Control

•• As soon as possible after initial resuscitationAs soon as possible after initial resuscitation

•• Drain abscessDrain abscess
•• Debride necrotic tissueDebride necrotic tissue
•• Remove potentially infected devicesRemove potentially infected devices

•• Removal and replacement of vascular access devices should Removal and replacement of vascular access devices should 
be a priority be a priority –– even if tunneled or surgically implantedeven if tunneled or surgically implanted

E

Jimenez et al. Intensive Care Med 2001;27:S49-62



Fluid TherapyFluid Therapy

•• May use colloids or crystalloidsMay use colloids or crystalloids
•• No evidence to support one over anotherNo evidence to support one over another

•• Fluid challenge in suspected hypovelemiaFluid challenge in suspected hypovelemia
•• 500500--1000 ml crystalloid or1000 ml crystalloid or
•• 300300--500 ml colloid500 ml colloid
•• Give over 30 minutesGive over 30 minutes

C

E



VasopressorsVasopressors

•• When appropriate fluid challenge fails to When appropriate fluid challenge fails to 
restore adequate BP and organ perfusion restore adequate BP and organ perfusion 
vasopressors should be startedvasopressors should be started

•• First choice of vasopressor should be First choice of vasopressor should be 
norepinephrine or dopaminenorepinephrine or dopamine
•• Epi Epi –– potential tachycardia, affects splanchnic circulationpotential tachycardia, affects splanchnic circulation
•• Phenyephrine Phenyephrine -- least likely to least likely to ↑↑ HRHR, decreases stroke volume, decreases stroke volume
•• DA DA -- particularly useful with compromised systolic function, causesparticularly useful with compromised systolic function, causes
more tachycardia than norepi, may be more arrythmogenic more tachycardia than norepi, may be more arrythmogenic 

E

D



Mechanical Ventilation of Mechanical Ventilation of 
SepsisSepsis--Induced Acute Lung Induced Acute Lung 

Injury (ALI)/ARDSInjury (ALI)/ARDS
•• High tidal volumes that are coupled with high High tidal volumes that are coupled with high 

plateau pressures should be avoided in ALI/ARDSplateau pressures should be avoided in ALI/ARDS
•• Low tidal volume Low tidal volume -- 6 ml/kg of predicted body weight6 ml/kg of predicted body weight
•• Maintain endMaintain end--inspiratory pressure < 30 cm Hinspiratory pressure < 30 cm H22O O 
•• Largest trial using volume and pressure limited strategy Largest trial using volume and pressure limited strategy 
showed a 9% reduction in all cause mortality showed a 9% reduction in all cause mortality 

B
Amato et al. N Engl J Med  1998;338:347-54
Stewart et al. N Engl J Med  1998;338:355-61
Brochard et al. AM J Respir Crit Care Med 1998;158:1831-38
Brower et al. Crit Care Med 1999;27:1492-98
Eichacker et al. AM J Respir Crit Care Med 2002;166:1510-14
The Acute Respiratory Distress Syndrome Network. N Engl J Med 2000;342:1301-8



Mechanical Ventilation of Mechanical Ventilation of 
SepsisSepsis--Induced Acute Lung Induced Acute Lung 

Injury (ALI)/ARDSInjury (ALI)/ARDS
•• Permissive hypercapnia can be tolerated if required to Permissive hypercapnia can be tolerated if required to 

minimize plateau pressures and tidal volumesminimize plateau pressures and tidal volumes
•• Contraindicated in patients with increased ICPContraindicated in patients with increased ICP
•• Limited to patients with pre  existing metabolic acidosisLimited to patients with pre  existing metabolic acidosis

•• Weaning protocols should be in placeWeaning protocols should be in place
•• Reduce duration of mechanical ventilationReduce duration of mechanical ventilation
•• Sedation Vacations!!!Sedation Vacations!!!

C

A

Hickling et al. Crit Care Med 1994;22:1568-78
Bidani et al. JAMA 272:957-62
The Acute Respiratory Distress Syndrome Network. N Engl J Med 2000;342:1301-8

Esteban et al. Am J Respir Crit Care 1999;159:512-8
Ely et al. N Engl J Med 1996;335:1864-9
Esteban et al. Am J Respir Crit Care Med 1997;156:459-65



Mechanical Ventilation of Mechanical Ventilation of 
SepsisSepsis--Induced Acute Lung Induced Acute Lung 

Injury (ALI)/ARDSInjury (ALI)/ARDS
•• A minimum amount of PEEP should be set to prevent lung A minimum amount of PEEP should be set to prevent lung 
collapse at endcollapse at end--expirationexpiration
•• Setting PEEP based on severity of oxygenation deficit and guidedSetting PEEP based on severity of oxygenation deficit and guided by by 

the FIOthe FIO22 required to maintain adequate oxygenation is one required to maintain adequate oxygenation is one 
acceptable approachacceptable approach

•• Titrate PEEP according to bedside monitoring of thoracopulmonaryTitrate PEEP according to bedside monitoring of thoracopulmonary
compliancecompliance

•• Unless contraindicated, mechanically ventilated patients Unless contraindicated, mechanically ventilated patients 
should be in semirecumbant position with HOB at 45should be in semirecumbant position with HOB at 4500

E

C
Drakulovic et al. Lancet 1999;354:1851-8



Mechanical Ventilation of Mechanical Ventilation of 
SepsisSepsis--Induced Acute Lung Induced Acute Lung 

Injury (ALI)/ARDSInjury (ALI)/ARDS

•• In facilities with experience, prone positioning In facilities with experience, prone positioning 
should be considered (more on this tomorrow)should be considered (more on this tomorrow)
•• A majority of patients with ALI/ARDS have improved A majority of patients with ALI/ARDS have improved 
oxygenation in the prone positionoxygenation in the prone position

•• May only benefit patients with the most severe May only benefit patients with the most severe 
hypoxemiahypoxemia

•• Prone positioning may associated with lifeProne positioning may associated with life--threatening threatening 
complicationscomplications

EStocker et al. Chest 1997;111:1008-17
Lamm et al. Crit Care Med 1994;150:184-93
Jolliet et al. Crit Care Med 1998;26:1977-85
Gattinoni et al. N Engl J Med 2001;345:568-73
Chatte et al. Am J Respir Crit Care Med 1997;155:473-8



Sedation, Analgesia and Sedation, Analgesia and 
Neuromuscular Blockade in Neuromuscular Blockade in 

SepsisSepsis
•• Sedation protocols when sedation is required Sedation protocols when sedation is required 
•• Sedation goal measured by a standardized subjective Sedation goal measured by a standardized subjective 
sedation scalesedation scale

•• Daily interruption or lightening of continuous Daily interruption or lightening of continuous 
sedation with awakening and retitration if neededsedation with awakening and retitration if needed

B

B

Kollef et al. Chest 1998;114:541-8
Kress et al. N Engl J Med 2000;342:1471-7
Brook et al. Crit Care Med 1999;27:2609-15



Sedation, Analgesia and Sedation, Analgesia and 
Neuromuscular Blockade in Neuromuscular Blockade in 

SepsisSepsis
•• Neuromuscular blockade should be avoided if Neuromuscular blockade should be avoided if 

possiblepossible

•• Risk of prolonged neuromuscular blockade following Risk of prolonged neuromuscular blockade following 
discontinuationdiscontinuation

•• If needed beyond 1If needed beyond 1stst few hours of mechanical ventilation few hours of mechanical ventilation 
eithereither
•• Bolus intermittantly as neededBolus intermittantly as needed
•• Continuous infusion with train of four to monitor depth of Continuous infusion with train of four to monitor depth of 

blockadeblockade
E



VasopressorsVasopressors

•• All Patients on vasopressors should have an All Patients on vasopressors should have an 
arterial catheter as soon as practicalarterial catheter as soon as practical

•• Low dose dopamine should not be used for Low dose dopamine should not be used for 
renal protectionrenal protection
•• No difference in primary outcomesNo difference in primary outcomes
•• Peak serum CR, UOP, Hemodialysis, time to renal recovery Peak serum CR, UOP, Hemodialysis, time to renal recovery 

•• No difference in secondary outcomesNo difference in secondary outcomes
•• Survival to ICU or hospital discharge, length of ICU or hospitalSurvival to ICU or hospital discharge, length of ICU or hospital
stay, arrhythmiasstay, arrhythmias

E

B

Bellarmo et al. Australian and New Zealand Intensive Care Society (ANZICS) 
Clinical Trials Group.  Lancet 2000;356:2139-43

Kellum J, Decker J. Crit Care Med 2001;29:1526-31



VasopressorsVasopressors

•• Consider Consider low dose vasopressinlow dose vasopressin for refractory  for refractory  
shock despite adequate fluid and high dose shock despite adequate fluid and high dose 
vasopressorsvasopressors

•• Not recommended as a replacement for Not recommended as a replacement for 
Norepinephrine or DopamineNorepinephrine or Dopamine

•• 0.010.01--0.04 units/min0.04 units/min
•• Doses > 0.04 associated with myocardial ischemia, Doses > 0.04 associated with myocardial ischemia, 
significant significant ↓↓ C.O. and Cardiac arrestC.O. and Cardiac arrest

•• Do not use if cardiac index < 2L/min/mDo not use if cardiac index < 2L/min/m22
E



Inotropic TherapyInotropic Therapy

•• Dobutamine may be used to increase C.O. in Dobutamine may be used to increase C.O. in 
pts w/low C.O. despite adequate fluid pts w/low C.O. despite adequate fluid 
resuscitationresuscitation
•• Dobutamine is 1Dobutamine is 1stst choice inotropechoice inotrope

•• Increasing cardiac index to achieve an Increasing cardiac index to achieve an 
arbitrarily predefined elevated level is arbitrarily predefined elevated level is notnot
recommendedrecommended

E

A

Gattinoni et al. N Engl J Med 1995;333:1025-32
Hayes et al. N Engl J Med 1994;330:1717-22



SteroidsSteroids

•• Corticosteroids equivalent to 200Corticosteroids equivalent to 200--300 mg/day 300 mg/day 
of hydrocortisone for 7 days in patients of hydrocortisone for 7 days in patients 
requiring vasopressorsrequiring vasopressors
•• 1 multi1 multi--center RCT showed significant shock reversal and center RCT showed significant shock reversal and 

a reduction in mortality ratea reduction in mortality rate
•• 2 additional smaller RCTs showed significant effect on shock rev2 additional smaller RCTs showed significant effect on shock reversalersal

•• Steroids should not be used in the treatment of Steroids should not be used in the treatment of 
sepsis without shocksepsis without shock

C

E

Annane et al. JAMA 2002;288:862-71
Breigel et al. Crit Care Med 1999;27:723-32
Bollaert et al. Crit Care Med 1998;26:645-50



SteroidsSteroids

•• Doses > 300 mg/day should not be used for Doses > 300 mg/day should not be used for 
the purpose of treating septic shockthe purpose of treating septic shock
•• 2 randomized prospective clinical trials and 2 meta2 randomized prospective clinical trials and 2 meta--analysis analysis 

conclude highconclude high--dose corticosteroids to be ineffective or harmfuldose corticosteroids to be ineffective or harmful

•• Some experts would suggest:Some experts would suggest:
•• ACTH stimulation test could be used to identify responders but sACTH stimulation test could be used to identify responders but steroids should teroids should 

not be held pending resultsnot be held pending results
•• Decrease dosage after resolution of septic shockDecrease dosage after resolution of septic shock
•• Taper steroids at the end of therapyTaper steroids at the end of therapy
•• Add 50 micrograms fludrocortisone QIDAdd 50 micrograms fludrocortisone QID

A

E

Bone et al. N Engl J Med 1987;317635-8.
Cronin et al. Crit Care Med 1995;23:1430-39.
The V.A. Systemic Sepsis Cooperative Group: N Engl J Med 1987;317:659-65.
Bernard et al. N Engl J Med 2001;344:699-709. 



Recombinant Human Activated Recombinant Human Activated 
Protein CProtein C

•• Recommended in patientRecommended in patient’’s w/high risk of deaths w/high risk of death
•• APACHE II score > 25APACHE II score > 25
•• SepsisSepsis--induced multiple organ failureinduced multiple organ failure
•• SepsisSepsis--induced ARDSinduced ARDS
•• Best determined by bedside clinical evaluation and Best determined by bedside clinical evaluation and 
judgementjudgement

•• UnlessUnless
•• Absolute contraindication related to bleedingAbsolute contraindication related to bleeding
•• Relative contraindication that outweighs potential benefitRelative contraindication that outweighs potential benefit

B

Bernard et al. N Engl J Med 2001;344:699-709



Absolute Absolute 
ContraindicationsContraindications

•• Active internal bleedingActive internal bleeding

•• Recent (within 3 months) hemorrhagic strokeRecent (within 3 months) hemorrhagic stroke

•• Recent (within 2 months) intracranial or intraspinal surgery or Recent (within 2 months) intracranial or intraspinal surgery or severe head traumasevere head trauma

•• Trauma with an increased risk of lifeTrauma with an increased risk of life--threatening bleedingthreatening bleeding

•• Presence of an epidural catheterPresence of an epidural catheter

•• Intracranial neoplasm or mass lesion or evidence of cerebral herIntracranial neoplasm or mass lesion or evidence of cerebral herniationniation

•• FDA Clinical reviewFDA Clinical review



WarningsWarnings
•• Concurrent therapeutic heparin (> 15 units/kg/hr)Concurrent therapeutic heparin (> 15 units/kg/hr)

•• Platelet count < 30,000 x 10L, even if the platelet count is incPlatelet count < 30,000 x 10L, even if the platelet count is increased after transfusionsreased after transfusions

•• Prothrombin time Prothrombin time --INR>3.0INR>3.0

•• Recent (within 6 weeks) gastrointestinal bleedingRecent (within 6 weeks) gastrointestinal bleeding

•• Recent (within 3 days) thrombolytic therapyRecent (within 3 days) thrombolytic therapy

•• Recent administration (within 7 days) of oral anticoagulants or Recent administration (within 7 days) of oral anticoagulants or glycoprotein IIb/IIIa inhibitors  glycoprotein IIb/IIIa inhibitors  

•• Recent administration (within 7 days of aspirin >650 mg per day Recent administration (within 7 days of aspirin >650 mg per day or other platelet inhibitorsor other platelet inhibitors

•• Recent(within 3 months) ischemic stroke (see CONTRAINDICATIONS)Recent(within 3 months) ischemic stroke (see CONTRAINDICATIONS)

•• Intracranial arteriovenous malformation or anurysmIntracranial arteriovenous malformation or anurysm

•• Known bleeding diathesisKnown bleeding diathesis

•• Chronic severe hepatic diseaseChronic severe hepatic disease

•• Any other condition in which bleeding constitutes a significant Any other condition in which bleeding constitutes a significant hazard or would be particularly difficult to manage because of ihazard or would be particularly difficult to manage because of its ts location.location.

•• FDA Clinical reviewFDA Clinical review



Recombinant Human Activated Recombinant Human Activated 
Protein CProtein C

•• Once a patient has been identified as at high risk of Once a patient has been identified as at high risk of 
death, treatment with rhAPC should begin as soon as death, treatment with rhAPC should begin as soon as 
possiblepossible
•• Given the uncertainty of risk assessment and the potential Given the uncertainty of risk assessment and the potential 
for rapid deteriorationfor rapid deterioration

•• The inflammatory response in severe sepsis is integrally The inflammatory response in severe sepsis is integrally 
linked to procoagulation and endothelial activationlinked to procoagulation and endothelial activation

•• rhAPC is an endogenous anticoagulant with antirhAPC is an endogenous anticoagulant with anti--
inflammatory propertiesinflammatory properties



Blood Product Blood Product 
AdministrationAdministration

•• Transfuse only for Hgb < 7.0 g/dL, except:Transfuse only for Hgb < 7.0 g/dL, except:
•• CADCAD
•• Acute hemorrhageAcute hemorrhage
•• Initial resuscitation recommendationsInitial resuscitation recommendations

•• Erythropoietin not recommended as a specific Erythropoietin not recommended as a specific 
treatment for sepsis related anemia treatment for sepsis related anemia 

•• Thromboelastograph (TEG)Thromboelastograph (TEG)

B

B

Transfusions Requirements in Critical Care Trial
Corwin et al. Crit Care med 1999; 27:2346-50
Corwin et al. JAMA 2002;288:2827-35



Blood Product Blood Product 
AdministrationAdministration

•• Antithrombin is not recommendedAntithrombin is not recommended
•• No improvement in 28 day outcomeNo improvement in 28 day outcome
•• Increased risk of bleeding when administered with Increased risk of bleeding when administered with 
heparinheparin

•• Platelet transfusionsPlatelet transfusions
•• < 5000/mm< 5000/mm33 regardless of apparent bleedingregardless of apparent bleeding
•• 50005000--30,000/mm30,000/mm3 3 and significant risk for bleedingand significant risk for bleeding
•• ≥≥ 50,000 typically required for surgery or invasive 50,000 typically required for surgery or invasive 
proceduresprocedures

B

E

Warren et al. JAMA 2001 286:1869-78



Glucose ControlGlucose Control

•• Maintain Blood Glucose Maintain Blood Glucose ≤≤ 150 mg/dL150 mg/dL

•• Glycemic control should include a nutrition protocal Glycemic control should include a nutrition protocal 
with preferential use of the enteral routewith preferential use of the enteral route

D

E

Van den Berghe et al. N Engl J Med 2001;345:1359-67
Finney et al. JAMA 2003;2041-47
Van den Berghe et al. Crit Care Med 2003;31:359-66
Klein et al.  Am J Clin Nutr 1997;66:683-706 



Renal Replacement/Bicarbonate Renal Replacement/Bicarbonate 
TherapyTherapy

•• In Acute Renal Failure In Acute Renal Failure 
•• In hemodynamically stable patients continuous In hemodynamically stable patients continuous 
venovenous hemofiltration and intermittant venovenous hemofiltration and intermittant 
hemodialysis are considered equivalenthemodialysis are considered equivalent

•• In hemodynamically unstable patients continuous In hemodynamically unstable patients continuous 
hemofiltration offers easier management of fluid hemofiltration offers easier management of fluid 
balancebalance

•• NaHCONaHCO22 not recommended for PH not recommended for PH ≥≥ 7.15 7.15 

B

C
Mehta et al. Kidney Int 2001;60:1154-63
Kellum et al. Intensive Care Med 2002;28:29-37
Cooper et al. Ann Intern Med 1990;112:492-8
Mathieu et al. Crit Care Med 1991;19:1352-6



DVT ProphylaxisDVT Prophylaxis

•• LowLow--dose unfractionated heparin or lowdose unfractionated heparin or low--
molecular weight heparinmolecular weight heparin

•• Mechanical prophylactic device if heparin Mechanical prophylactic device if heparin 
contraindicatedcontraindicated

•• Use a combination in highUse a combination in high--risk patientsrisk patients
•• Severe sepsisSevere sepsis
•• History of DVTHistory of DVT

A

Cade et al. Crit Care Med 1982;10:448-50
Belch et al. Scott Med J 1981;26:115-17
Samama et al. N Engl J Med 1999;341:793-800



Stress Ulcer ProphylaxisStress Ulcer Prophylaxis

•• Should be given to all patients with severe sepsisShould be given to all patients with severe sepsis
•• H2 receptor inhibitors more efficacious than sucralfateH2 receptor inhibitors more efficacious than sucralfate

•• PPIPPI’’s not directly compared to H2 receptorss not directly compared to H2 receptors
•• PPIPPI’’s equivalent increase in gastric PHs equivalent increase in gastric PH

A

Borrero et al. Am J Med 1985;79:62-4
Bresalier et al. Am J Med 1987;83:110-6
Cook et al. N Engl J Med 1998;338:791-7
Stothert et al. Ann Surg 1980;192:169-74



Consideration for Consideration for 
Limitation of SupportLimitation of Support

•• Advance care planning including the Advance care planning including the 
communication of likely outcomes and communication of likely outcomes and 
realistic goals of treatment should be discussed realistic goals of treatment should be discussed 
with patients and familieswith patients and families

•• Decisions for less aggressive support may be in Decisions for less aggressive support may be in 
the patientthe patient’’s best interests best interest E



Treating SepsisTreating Sepsis
•• Use the GuidelinesUse the Guidelines

•• Be a part of the development of the guidelines at your Be a part of the development of the guidelines at your 
hospital systemhospital system

•• EDUCATE Everyone on their use!!!EDUCATE Everyone on their use!!!



Old and New TherapyOld and New Therapy
New Ideas from Old TherapyNew Ideas from Old Therapy

•• PREVENTION!!!PREVENTION!!!
•• Source controlSource control
•• Better Diagnostic Modalities and Less invasive drainage techniquBetter Diagnostic Modalities and Less invasive drainage techniqueses
•• Tighter glucose controlTighter glucose control
•• Choice/timing/type/appropriate use of antibioticsChoice/timing/type/appropriate use of antibiotics
•• Early goal directed therapyEarly goal directed therapy
•• EPO/Factor 7/Blood conservation techniques to decrease blood traEPO/Factor 7/Blood conservation techniques to decrease blood transfusionsnsfusions
•• New Ventilator management strategies:New Ventilator management strategies:
•• Reduce Ventilator Induced InjuryReduce Ventilator Induced Injury
•• High Frequency Oscillatory VentilationHigh Frequency Oscillatory Ventilation

•• Activated ProteinActivated Protein--C (XIGRIS)C (XIGRIS)

Wheeler AP, Bernard GR. N Engl J Med. 1999;340:207-14



SCCM 2005 Catchphrase:SCCM 2005 Catchphrase:
““Right Care, Right NowRight Care, Right Now””



The 1999 Institute of Medicine ReportThe 1999 Institute of Medicine Report
““To err is human: Building a Safer Health SystemTo err is human: Building a Safer Health System””

•• 4444--98K98K hospital mortalities eachhospital mortalities each
year are 2year are 2°° to to medical errorsmedical errors

•• Medical Errors would be the Medical Errors would be the 
88thth leading cause of death!!leading cause of death!!
•• Loss of lifeLoss of life
•• Loss of $$$Loss of $$$

The The ‘‘cycle of inactioncycle of inaction’’ must be brokenmust be broken

•• Loss of trustLoss of trust
•• Loss of moraleLoss of morale

Kohn, IOM Report 1999Kohn, IOM Report 1999



Mistakes of Mistakes of CommissionCommission

•• Study combining selfStudy combining self--reports and direct reports and direct 
observations found 1.7 errors per observations found 1.7 errors per 
patient per day in the ICUpatient per day in the ICU

•• Healthcare errors called Healthcare errors called ““a national a national 
problem of epidemic proportionsproblem of epidemic proportions””

Vincent, BMJ ’98 Quality Interagency
Coordination Task Force, 2000



Infamous Mistakes of Infamous Mistakes of CommissionCommission

Jessica Santillan was give an Jessica Santillan was give an 
ABOABO--incompatible heartincompatible heart--lung lung 
transplanttransplant

Surgical instruments washed in Surgical instruments washed in 
hydraulic fluid (rather than hydraulic fluid (rather than 
detergent)detergent)



The Oprah Winfrey Show The Oprah Winfrey Show 
(10/03):  (10/03):  ““Outrageous Medical Outrageous Medical 

MistakesMistakes””

While in his last year of medical school, While in his last year of medical school, 
Paul Barach was asked to perform  Paul Barach was asked to perform  
procedure he'd never done before. His procedure he'd never done before. His 
mentor was called away, and the young mentor was called away, and the young 
student made a mistake that led to student made a mistake that led to 
complications that cost a woman her life. "I complications that cost a woman her life. "I 
shouldn't have been doing that procedure, shouldn't have been doing that procedure, 
certainly not by myself."certainly not by myself."

Linda McDougal Linda McDougal 
underwent unnecessary underwent unnecessary 
double mastectomies after double mastectomies after 
her breast biopsies were her breast biopsies were 
mislabeled by the mislabeled by the 
pathologistpathologist



Mistakes of Mistakes of CommissionCommission::

Charlotte Observer, 6/03/05



Mistakes of Mistakes of OmissionOmission

The Quality of Adult Healthcare Today:The Quality of Adult Healthcare Today:

•• The average patient only receives The average patient only receives ~~50% of the therapies 50% of the therapies 
they shouldthey should

McGlynn, NEJM 2003



% NOT % NOT 
Receiving RxReceiving Rx

Preventable Preventable 
DeathsDeaths

Pronovost, JAMA Pronovost, JAMA ’’0202 76%76% 135K135K
Bernard, NEJM Bernard, NEJM ’’0101 89%89% 10K10K

Annane, JAMA Annane, JAMA ’’0202 50%50% 5K5K

Van den Berghe, NEJM Van den Berghe, NEJM ’’0101 75%75% 12K12K
ARDSNet, NEJM ARDSNet, NEJM ‘‘0000 70%70% 5K5K

~~167K Total Lives Lost167K Total Lives Lost

Mistakes of Mistakes of OmissionOmission

Pronovost, Journal of Crit Care ‘04



Bad people or bad Bad people or bad 
systems?systems?

““Bad systems, not bad people, lead to the Bad systems, not bad people, lead to the 
majority of errors and injuriesmajority of errors and injuries…”…”

Leape, JAMA 2005



In need of better In need of better 
CommunicationCommunication



Daily Goal Sheet Daily Goal Sheet ---- BundlesBundles

•• What is a What is a ‘‘BundleBundle’’????
•• ““Group of interventions related to a disease that when Group of interventions related to a disease that when 
instituted together give better outcomes than when done instituted together give better outcomes than when done 
individuallyindividually””

•• Rules:Rules:
•• Each component is scientifically solidEach component is scientifically solid
•• Use of each component is a Yes/NoUse of each component is a Yes/No
•• Bundle is for a frequently occurring issueBundle is for a frequently occurring issue



Daily Goal Sheet Daily Goal Sheet ––
RedundancyRedundancy

The ICU patient is The ICU patient is complicatedcomplicated and and dynamic.dynamic.

Vincent, CCM ‘05



Daily Goal Sheet Daily Goal Sheet ---- BundlesBundles

•• Ventilator Bundle Ventilator Bundle (John Hopkins):(John Hopkins):
•• Head of Bed > 30Head of Bed > 30°° Drakulovic, Lancet 1999
•• GI ProphylaxisGI Prophylaxis Cook, NEJM 1998
•• DVT ProphylaxisDVT Prophylaxis Attia, Arch Int Med 2001
•• [Glc] Control[Glc] Control Van den Berghe,NEJM ‘01
•• Sedation HolidaysSedation Holidays Kress, NEJM 2000
•• Vent WeaningVent Weaning Ely, NEJM 2003



Daily Goal Sheets Daily Goal Sheets –– BundlesBundles

VHA Data, 2004



Daily Goal Sheets Daily Goal Sheets –– BundlesBundles

Associated Press, 6/14/05



Daily Goal Sheet Daily Goal Sheet ---- BundlesBundles
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•• Central Line Insertion Bundle (Checklist)Central Line Insertion Bundle (Checklist)
•• Full Barrier PrecautionsFull Barrier Precautions
•• Chlorhexidine Skin PrepChlorhexidine Skin Prep
•• Avoid Femoral LinesAvoid Femoral Lines
•• Use of UltrasoundUse of Ultrasound

•• Sepsis BundlesSepsis Bundles
•• MUST ProtocolMUST Protocol
•• ABCABC’’s of sepsiss of sepsis

Resident 
Education

Line
Cart Line 

‘Bundle’

NNIS 
Mean



AlternativeAlternative Vent BundleVent Bundle



What does a Daily What does a Daily 
Goal Sheet Look Goal Sheet Look 

Like??Like??
Whatever you want it toWhatever you want it to……



ICU PATIENT DAILY GOAL SHEETICU PATIENT DAILY GOAL SHEET Date_____________Date_____________
M.R. #_____________M.R. #_____________

Today's Goals (multidisciplinary)Today's Goals (multidisciplinary)
1. Ventilator Goal______________________________________________1. Ventilator Goal________________________________________________________________________

2. Vasopressor Goal_____________________________________________2. Vasopressor Goal___________________________________________________________________

3. Sedation Goal________________________________________________3. Sedation Goal______________________________________________________________________

4. Procedures/Tests Planned:____________________________________4. Procedures/Tests Planned:____________________________________________________________

Other Goals/Plans:______________________________________________Other Goals/Plans:______________________________________________________________________

____________________________________________________________________________________________________________________________________________________

Is the patient stable enough for a lower level of care?_________Is the patient stable enough for a lower level of care?_________________________

AMAM If no, provideIf no, provide PMPM

NoNo YesYes NANA interventionsinterventions NoNo YesYes NANA
HOB > 30 degreesHOB > 30 degrees
DVT ProphylaxisDVT Prophylaxis
PUD ProphylaxisPUD Prophylaxis
Glucose < 130Glucose < 130
Daily Interuption of SedationDaily Interuption of Sedation
Nutritional Support Initiated and at goalNutritional Support Initiated and at goal
Appropriate Level of SedationAppropriate Level of Sedation
Appropriate Level of Pain ControlAppropriate Level of Pain Control
Appropriate Bed RotationAppropriate Bed Rotation
Ventilator Weaning InitiatedVentilator Weaning Initiated
Central Catheters/Drainage Tubes NecessaryCentral Catheters/Drainage Tubes Necessary
Bowels RegularBowels Regular
Volume Status Appropriate Volume Status Appropriate 
Able to Change to PO/ Restart Home MedsAble to Change to PO/ Restart Home Meds
Family UpdatedFamily Updated



Daily Goal Sheet Daily Goal Sheet ---- BundlesBundles

•• Bottom Line:Bottom Line:

�� Bundling Order Sets can ensure standardBundling Order Sets can ensure standard--ofof--care practices for care practices for 
every patientevery patient

�� Bundling Order Sets can improve outcomesBundling Order Sets can improve outcomes

�� Incorporating Bundles into a Daily Checklist or Goal Sheet may Incorporating Bundles into a Daily Checklist or Goal Sheet may 
help Bundle Compliancehelp Bundle Compliance



Mechanical VentilationMechanical Ventilation

•• ConventionalConventional Mech VentilationMech Ventilation
•• High PEEP / Low PEEPHigh PEEP / Low PEEP
•• FI02 FI02 –– oxygen toxicityoxygen toxicity
•• Stimulates Alveolar neutrophil activationStimulates Alveolar neutrophil activation
•• Increases cytokine releaseIncreases cytokine release
•• Increases ALIIncreases ALI

•• Low volume ventilation (6 cc/Kg)Low volume ventilation (6 cc/Kg)
•• Reduces morbidity and mortalityReduces morbidity and mortality



Daily Goal Sheet Daily Goal Sheet ---- CommunicationCommunication

•• Written words bring Written words bring accountabilityaccountability::

•• RN has daily plan at the bedside constantlyRN has daily plan at the bedside constantly
•• RT has outline of expectations for the dayRT has outline of expectations for the day
•• ““MultidisciplinaryMultidisciplinary”” components involvedcomponents involved

•• NutritionistNutritionist
•• TherapistsTherapists
•• Social Work/Case Manager, Social Work/Case Manager, ……

•• Gives Family information for the dayGives Family information for the day



What Else Can We do What Else Can We do 
in the ICU?in the ICU?



Evidence Base for Newer Modes of Mechanical Evidence Base for Newer Modes of Mechanical 
Ventilation: OverviewVentilation: Overview

•• Background for evidence base levelsBackground for evidence base levels
•• Dual modes of ventilationDual modes of ventilation
•• Adaptive Support ventilation (ASV)Adaptive Support ventilation (ASV)
•• Proportional Assist Ventilation (PAV)Proportional Assist Ventilation (PAV)
•• Airway Pressure Release Ventilation Airway Pressure Release Ventilation 
(APRV)(APRV)



Evidence Base for Newer Modes of Evidence Base for Newer Modes of 
Mechanical Ventilation:   Mechanical Ventilation:   BackgroundBackground

•• EvidenceEvidence--based medicine:based medicine:
“…“…the integration of individual clinical the integration of individual clinical 
expertise with the best available research expertise with the best available research 
evidence from systematic research and the evidence from systematic research and the 
patientpatient’’s values and expectations.s values and expectations.””
D. R. Hess, RC,2004;49:7, 730D. R. Hess, RC,2004;49:7, 730--741.741.



Get involved in Get involved in 
Disaster ManagementDisaster Management



Where to Begin with Pandemic Planning
Should Hospitals Begin to Stockpile  
Essential Medical Supplies Now?

•This could lead to immediate 
shortages throughout the world

•If we do not increase our inventory we 
could find ourselves short of essential 
supplies and drugs





Flu Ward 2007 ???



How to Stop Sepsis in How to Stop Sepsis in 
its tracks?its tracks?



How to Stop Sepsis in How to Stop Sepsis in 
its tracks?its tracks?

PREVENTION!!!!PREVENTION!!!!



Respiratory Therapists=Front LinesRespiratory Therapists=Front Lines



ProActive Sputum ProActive Sputum 
RemovalRemoval



Team Team 
CommunicationCommunication

•• Communicate changes to sputumCommunicate changes to sputum

•• Nurses do not have as much time since EMRNurses do not have as much time since EMR
•• RTRT’’s are a part of the multiprofessional teams are a part of the multiprofessional team
•• Should direct careShould direct care——EBM guideline developmentEBM guideline development

•• Suggest ways to eliminate sputum and ventilation Suggest ways to eliminate sputum and ventilation 
problemsproblems



Evidenced based reviews agreeEvidenced based reviews agree

•• Standard physical therapy resulted in a Standard physical therapy resulted in a 
significantly greater sputum expectoration than significantly greater sputum expectoration than 
no treatment (effect size of 0.61 SD units, p < no treatment (effect size of 0.61 SD units, p < 
0.0001). 0.0001). 

•• The combination of standard therapy with The combination of standard therapy with 
exercise with associated with a statistically exercise with associated with a statistically 
significant increase in FEV1 over STD alone significant increase in FEV1 over STD alone 
(effect size of 0.48 SD units, p = 0.04). (effect size of 0.48 SD units, p = 0.04). 

•• No other differences between physical therapy No other differences between physical therapy 
modalities were found. modalities were found. 

Cook et al.  AJRCCM 1995; 151:8 64-50



Position Effects Lung Volumes

RV

ERV

IC



Position Effects 
Ventilation: Perfusion



Position Effects 
Ventilation: Perfusion



Postural DrainagePostural Drainage
•• Gold standard of bronchial hygiene when each Gold standard of bronchial hygiene when each 
position is drained 5 position is drained 5 -- 20 minutes20 minutes
•• 11 positions requires >55 minutes11 positions requires >55 minutes
•• One hour session One hour session –– concentration on 3 concentration on 3 –– 4 positions4 positions

•• Percussion and vibration Percussion and vibration 
•• No demonstrated benefit without positioningNo demonstrated benefit without positioning

•• Everything works as well as PD except vibration Everything works as well as PD except vibration 
and percussion alone and percussion alone –– which doesnwhich doesn’’t workt work

•• The time required for PD is prohibitiveThe time required for PD is prohibitive



Standard physical therapy  Standard physical therapy  
resulted in significantly resulted in significantly 

greater expectoration than no greater expectoration than no 
treatment (p<0.0001).  treatment (p<0.0001).  

CPT with exercise was CPT with exercise was 
associated with an increased in associated with an increased in 
FEV1 over CPT alone p=0.04).FEV1 over CPT alone p=0.04).





High Frequency Chest Wall High Frequency Chest Wall 
CompressionCompression



High Frequency Chest Wall High Frequency Chest Wall 
CompressionCompression

Respir Care 2002;47(7):797-807

exhalation

inhalation



High Frequency Chest Wall High Frequency Chest Wall 
OscillationOscillation

•• Hayek 1993Hayek 1993
•• Cuirass basedCuirass based
•• Positive and negative PPositive and negative PTRTR

•• Controllable end exp pressureControllable end exp pressure
•• 11--17 Hz17 Hz
•• 1:6 to 6:1 I:E ratio control1:6 to 6:1 I:E ratio control
•• Most versatile deviceMost versatile device
•• Can be used as ventilatorCan be used as ventilator



High Frequency Chest Wall High Frequency Chest Wall 
Oscillation Oscillation ––

Respir Care 2002;47(7):797-807

exhalation

inhalation



Mechanisms of ActionMechanisms of Action
•• AirAir--liquid shear forces: multiple liquid shear forces: multiple ““mini coughsmini coughs””
•• Scherer model (factors increasing mucus transport)Scherer model (factors increasing mucus transport)
•• Faster rateFaster rate
•• Expiratory flow > inspiratory flowExpiratory flow > inspiratory flow
•• Inspiratory time > expiratory timeInspiratory time > expiratory time
•• Equal flows and times = zero transportEqual flows and times = zero transport

Chest1998;113:1019-1027



Other Sepsis/RT itemsOther Sepsis/RT items
•• Intubation with etomidateIntubation with etomidate

•• Cognitive impairment after sepsisCognitive impairment after sepsis

•• Isolation and prevention of SepsisIsolation and prevention of Sepsis



EtomidateEtomidate
•• ShortShort--Acting Hypnotic Okay for Rapid Intubation in Acting Hypnotic Okay for Rapid Intubation in 
Patients With Suspected SepsisPatients With Suspected Sepsis

•• Etomidate may cause adrenal suppression with just 1 Etomidate may cause adrenal suppression with just 1 
dosedose

•• Randomized controlled trial of Etomidate and Randomized controlled trial of Etomidate and 
Midazolam, no difference in Midazolam, no difference in 
LOS/Mortality/MorbidityLOS/Mortality/Morbidity

•• September 24, 2011September 24, 2011



Cognitive Cognitive 
ImpairmentImpairment

•• Cognitive and Functional Decline Often Follow Cognitive and Functional Decline Often Follow 
Severe SepsisSevere Sepsis

•• Older adults who survive an episode of severe sepsis Older adults who survive an episode of severe sepsis 
may be left with substantial and enduring cognitive may be left with substantial and enduring cognitive 
impairment and functional disabilityimpairment and functional disability

•• Following severe sepsis hospitalization, but not Following severe sepsis hospitalization, but not 
nonsepsis general hospitalization, there was a nonsepsis general hospitalization, there was a 
significant increase in the odds of developing both significant increase in the odds of developing both 
cognitive and physical dysfunction that persisted cognitive and physical dysfunction that persisted 
throughout the 8throughout the 8--year followyear follow--up periodup period



More PreventionMore Prevention
•• Government regulations:Government regulations:
•• Line sepsisLine sepsis
•• VAPVAP
•• UTIsUTIs
•• DecubitiDecubiti

•• Pay for Performance/OutcomesPay for Performance/Outcomes
•• Be proactive! Use Isolation devicesBe proactive! Use Isolation devices
•• Empower your staff to stop violatorsEmpower your staff to stop violators











HOW SHOULD WE HOW SHOULD WE 
APPROACH SEPSIS?APPROACH SEPSIS?

•• Recognize EarlyRecognize Early
•• Sirs / Organ failureSirs / Organ failure
•• Document!Document!

•• Team ApproachTeam Approach
•• MD, Nursing, PharmD., RespTherapyMD, Nursing, PharmD., RespTherapy
•• Sepsis Sepsis ““SWAT TEAMSWAT TEAM””

•• Organized ManagementOrganized Management
•• Guidelines, StandardizationGuidelines, Standardization

•• Process ImprovementProcess Improvement
•• PreventionPrevention







Questions????Questions????
sticumd@gmail.comsticumd@gmail.com

sticumd@gmail.com


