
The Hemodynamics of

Sepsis



Hemodynamics

And Respiratory Therapists?



A long time ago, far, far awayé



Coronary Care Unit, circa 1980
Loyola University Medical Center
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Hemodynamic Profile Service



Sepsis

ƷItôs the leading cause of death in 
critically ill patients

Ʒ$16.7 billion total costs (2001)

ƷRate doubled from 1993 -2003

ƷFrom the Greek for ñputrefationò

ÁCrit Care Med 2001; 29:1303 ï1310



Sepsis: Definition

ƷA severe illness in which the blood is 
overwhelmed by bacteria (NIH)

ÁLungs (38%)

ÁPrimary Bacteremia (15%)

ÁGenitourinary (9%)

ÁAbdominal (9%)

ÁWound/Soft tissue (9%)

ÁDevice related (5%)

ƷCrit Care Med 2001; 29:1303 ï1310



Sepsis: Symptoms

ƷInfection (bacteria, fungi, virus)

ƷPlus:

ÁFever or hypothermia (<36 or > 38)

ÁTachycardia (>90)

ÁTachypnea (>20)

ÁLeukocytosis (or leukopenia)



Hey, wait, that looks just like 
our patient with pancreatitis!

Except for the infection parté



Systemic Inflammatory 
Response Syndrome



SIRS: Symptoms

ƷFever (or hypothermia) (<36 or > 38)

ƷTachycardia (>90)

ƷTachypnea (RR>20, PaCO2<32, MV>10)

ƷLeukocytosis (or leukopenia)

Ʒ+ Infection = Sepsis

Á+ Organ failure ( > 1) = Severe Sepsis

Ʒ+ Hypotension = Septic Shock



SIRS: Factors Affecting Mortality

ƷAge > 50 (or < 1)

ƷExisting chronic condition (diabetes, COPD)

ƷNumber of organ systems in failure

ÁOne = 30 to 40% mortality

Á15-20% increase with each additional system



Mortality

Crit Care. 2006;10(6):R154



How can completely 
different problems present 
with the same symptoms?



Host Response



Before we get to thaté

Normal Hemodynamics



Normal Control of Perfusion



The Pump: Cardiac Output

ƷFor a pump to function:

ÁFill it (pressure gradient) 

ƷPreload

ÁCVP ïRV

ÁPCWP - LV

ÁMaximize System Pressure

ƷAfterload

ÁSVR

ÁPVR

ÁPower it

ƷContractility

ÁRepeat

ƷHeart Rate



Preload Pressure Gradients



The Pump: Cardiac Output

ƷFor a pump to function:

ÁFill it 

ƷPreload

ÁCVP ïRV

ÁPCWP - LV

ÁMaximize System Pressure

ƷAfterload

ÁSVR

ÁPVR

ÁPower it
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Afterload Pressure Gradients



The Pump: Cardiac Output

ƷFor a pump to function:

ÁFill it 

ƷPreload

ÁCVP ïRV

ÁPCWP - LV

ÁMaximize System Pressure

ƷAfterload

ÁSVR

ÁPVR

ÁPower it

ƷContractility: Perfusion, Ischemia, Hypertension

ÁRepeat

ƷHeart Rate: Quick change CO



Local Control of Blood Flow

Metarteriole

Precapillary 

Sphincter

Capillary

Increased Blood Flow



Pulmonary Blood Flow

Metarteriole

Precapillary 

Sphincter

Capillary

Increased Blood Flow

MPAP ~ 
15



Pulmonary Autoregulation

PaO2 
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The Magic PO2<55

ƷPulmonary autoregulation

ƷHemoglobin desaturation

ƷCarotid body trigger

ƷƁ EPO synthesis



Systemic Autoregulation

Lack of oxygen?  

Formation of vasodilators?

Combination of both??

Metarteriole

Precapillary 

Sphincter

Capillary

Relaxation of smooth muscle

Increased Blood Flow

MAP ~ 90



ƁMAP to Maintain Pressure Gradients



Now, back to the immune 
systemé



Host Response



Host Response



Inflammatory Cytokines

ƷTumor Necrosis Factor Alpha

ÁFever, hypotension, insulin resistance 

ƷInterferon Gamma

ƷInterleukin -2

ÁTriggers local increase in inflammation



Cytokine Activation

ƷLocal ƷRegional



Pulmonary Cytokine Activation

ARDS



Systemic Cytokine Activation?



Hypotension
& Organ Hypoperfusion



Immunologic Response in Sepsis



Cardiogenic vs Septic Shock

Cardiogenic Shock Septic Shock

Blood Pressure 70/50 - high SVR to maintain 

diastolic pressure

70/0 - low SVR due to the 

effects of cytokines on 

arterioles

Skin 

Temperature

Cold, clammy pink and hot

Pulse Thready Bounding

Capillary refill very slow very fast

Mentation depressed alert, sense of impending 

doom

Urine Output very low or none Normal, transient oliguria



Treatment 
Recommendations

ƷSurviving Sepsis Campaign
ÁIntensive Care Med (2008) 34:17ï60

ÁInternational, evidence based guidelines 
compiled to improve the outcome in sepsis and 
septic shock



Treatment Recommendations
Surviving Sepsis Campaign 2008

ƷFluids, fluids and more fluids!

ÁCVP: 8-12 cm H2O

ÁMAP > 65 mm Hg

ÁUrine output > 0.5 ml/kg/hr

ÁPA SvO2 > 65%  or CVP SvO2 > 70%



Aggressive Fluid Resuscitation



Treatment Recommendations
Surviving Sepsis Campaign 2008

ƷFluids resuscitation alone not working? 

ƷLEVOPHED!

ÁOr maybe dopamine

ƷFor BP only, not low dose renal

ƷOr maybe some dobutamine too

ÁMAP > 65 mm Hg

ÁNot working? Epinephrine is alternative



Treatment 
Recommendations
Surviving Sepsis Campaign 2008

ƷCulture first (sepsis)

ÁBlood, sputum, urine, etc.

ÁCT scan (if safe)

ƷBroad Spec IV antibiotics in first hour

ÁEndotoxin!



Pharmacology?

ƷBlock the cytokines?

ÁMonoclonal antibody to TNF

ÁAdrenocorticosteroids

ƷSystem too important to mess with?



Treatment Recommendations
Surviving Sepsis Campaign 2008

ƷRecombinant Human Activated Protein C

ÁXigris (tx @ $8,000)

ÁAdminister if:

ƷSepsis induced organ dysfunction

ƷHigh risk of death (APACHE II > 25)

ÁDo Not Administer if:

ƷSevere sepsis

ƷLow risk of death (APACHE II < 20)



Apache II Scoring System

ƷAge

ƷHeart Rate

ƷRespiratory Rate

ƷTemperature

ƷChronic disease?

ƷAcute Renal Failure?

ƷSodium

ƷPotassium

ƷCreatinine

ƷWBC

ƷHematocrit

ƷA-a gradient

ƷGlascow Coma Score

ƷPaO2



Treatment Recommendations
Surviving Sepsis Campaign 2008

ƷOther therapies

ÁRBCôs for Hgb < 7 g/dL (no EPO)

ÁARDSnet for MV

ÁSedation protocols, avoid NMBAôs

ÁInsulin protocols, glucose < 150 mg/dl

ÁDVT & stress ulcer prophylaxis

ÁAvoid bicarbonate when pH > 7.15



Summary

ƷInfection vs Host response (immune 
system)

ƷMaintenance of adequate tissue perfusion

ƷIdentification & elimination of infection

ƷRecombinant Human Activated Protein C
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