The Hemodynamics of
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SEepsIS

s3lita,;s ~the «l''eadl--ng, C &
critically Ill patients

3 $16.7 billion total, costs (2001)

2 Rate doubled from 1993 = -2003
SFrom-the Greek f.0r

Crit Care Med 2001; 29:1303 1 1310



Sepsis:-Definition

3 A severe-lliness in which the blood s
overwhelmed: by bacteria (NIH)

LLungs (38%)
Primary Bacteremia (15%)
Genitourinary (9%)
Abdominal (9%)
\Wound/Seft tissue (9%)
Device related (5%)

3 Crit Care Med 2001; 29:1303 11310



Sepsis:-Symptoms

3 Infection (bacteria, fungi, virus)

2 Plus:
Fever or hypothermia (<36 or > 38)

Tachycardia (>90)
Tachypnea (>20)
Leukocytosis (or leukopenia)




Hey, walit, that-looks justlike
our patient with pancreatitis!

Except for the I nf



Systemic Inflammatory: « ',
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PANCREATITIS

- BLOOD BORN INFECTION




SIRS-Symptoms

3 Fever (or hypothermia) (<36-0or > 38)

5
5
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2 lLLeu
3 + Infection = Sepsis

+ Organ failure (>1) = Severe SepsIs
3+ Hypotension = Septic Shock

nycardia (>90)
nypnea (RR>20, PaC02<32, MV>10)

Kocytosis (or leukopenia)



SIRS: Factors Affecting Mortality

3 Age > 50 (or <1)
3 EXxisting chronic condition (diabetes, COPD)

3 Number of organ systems In failure
One = 30 to 40% mortality
15-20% Increase with each additional system



Mortality

Number of Failing Orgars

Crit Care. 2006;10(6):R154



How can completely
different problems present
with the same symptoms?



Host:Response

Bacteria

Inflammatory
products

Anergy

(Th2) Antiinflammatory (Th2) Antiinflammatory
cytokines cytokines

(Th1) Inflammatory (Thl) Inflammatory
oytokines cytokines

Figure 1. The Response to Pathogens, Involving “Cross-Talk” among Many Immune Cells, Including Macrophages, Dendritic Cells, and CD4
T Cells.




Bef ore we get

Normal Hemodynamics



Normal Control of Perfusion




The Pump: Cardiac Output

3 For a pump to function:

A Fill it (pressure gradient)
3 Preload
A CVPI RV
A PCWP- LV
A Maximize System Pressure

3 Afterload
A SVR

A PVR ARk } Aps .-gﬂctﬁ%twap i

A Power it

3 Contractility
A Repeat

3 Heart Rate



Preload: Pressure - Gradients

Systemic
capillaries
Circulation to
tissues of head
and upper body

Pulmonary circulation

Circulation to
tissues of
lower body

Systemic circulation
sby itams and derived itams © 2009 by Mosby, Inc., an sffiliate of Elsevier Inc.




The Pump: Cardiac Output

3 For a pump to function:
A Fill it
3 Preload
A CVPi RV
A PCWP- LV
A Maximize System Pressure

3 Afterload

A SVR s Pl R e %( 4%
A PVR SR Ty ety gl ot@ma ARY

A Power it

3 Contractility
A Repeat

3 Heart Rate



Afterload Pressure Gradients

Systemic
capillaries
Circulation to
tissues of head
and upper body

Pulmonary circulation

Circulation to
tissues of
lower body

Systemic circulation
sby items and derived items © 2009 by Mosby, Inc., an sffiliate of Elsevier Inc.




The Pump: Cardiac Output

3 For a pump to function:
A Fill it
3 Preload
A CVPi RV
A PCWP- LV
A Maximize System Pressure

3 Afterload AL e
A PVR ST T AAESEEN N OTO L8R A

A Power it

3 Contractility: Perfusion, Ischemia, Hypertension
A Repeat

3 Heart Rate: Quick change CO




Local Control of Blood Flow

Metarteriole

Capillary

Precapillary— ( K:

Sphincter

.

Increased Blood Flow




Pulmonary Blood Flow

Metarteriole

Capillary

Precapillary— ( K:

Sphincter

.

Increased Blood Flow




Pulmonary Autoregulation

Alveolus

Capillary

Mosby items and derived items © 2



The Magic PO2<55

3 Pulmonary autoregulation
3 Hemoglobin desaturation

3 Carotid body trigger
3 BEPO synthesis



Systemic Autoregulation

Metarteriole

—

Precapillary—- [ ( Relaxation of smooth muscle

Sphincter I

_ Lack of oxygen?
Capillary > Formation of vasodilators?

Combination of both??

Increased Blood Flow




AP to Maintain Pressure Gradients
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Now, back to the iImmune
Systemeé



Host:Response

- )
Dendritic

Inflammatory
products

L AR, Anergy
\ \ /v
T / /
> ; 7 o
(Th2) Antiinflammatory (Th2) Antiinflammatory

cytokines cytokines

(Th1) Inflammatory (Th1) Inflammatory
oytokines cytokines

Figure 1. The Response to Pathogens, Involving “Cross-Talk” among Many Immune Cells, Including Macrophages, Dendritic Cells, and CD4
T Cells.




HoSt:Response

Medscape® www.medscape.com

Sepsis

- Release of granular enzymes f
+ ROS production

Depressed innate immune
= functions (chemotaxis,
phagocytosis, H202 production)

Apoptosis *

Source: Nat Med © 2003 Nature Publishing Group



Inflammatory Cytokines

3 Tumor Necrosis Factor Alpha
Fever, hypotension, insulin resistance

3 Interferon Gamma

3 Interleukin -2
Triggers local increase In inflammation



Cytokine Activation

3 Local 3 Regional




Pulmonary. Cytokine Activation

Tissue cells

Osmotic Net pressure Osmotic
pressure out pressure
(22 mm Hg)(10 mm Hg) (22 mm Hg)

Blood = —
pressure
(32 mm Hg)
-~ Net pressure in
—__ (=7 mm Hg)

Arterial end Venous end
of capillary INTERSTITIAL FLUID of capillary

Copyright © Paarson Education, Inc., publishing as Banjamin Cummings




Systemic Cytokine Activation?




Hypotension
& Organ Hypoperfusion




Immunologic Response in Sepsis

wen Healthy person with meningococcemia
wee Elderly patient with malnutrition and diverticulitis
m=m Patient with diabetes, chronic renal failure, and pneurnonia

Hyperimmune

Recovery
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Hypoimmune

Figure 4. Immunologic Response of Three Hypothetical Patients with Sepsis.



Cardiogenic VS Septic-Shock

Cardiogenic Shock Septic Shock

Blood Pressure 70/50- high SVR to maintain  70/0- low SVR due to the
diastolic pressure effects of cytokines on
arterioles
Skin Cold, clammy pink and hot
Temperature
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



T reatment
Recommendations

3 Surviving Sepsis Campaign
Intensive Care Med (2008) 34:171 60

International, evidence based guidelines
compiled to improve the outcome Iin sepsis and
septic shock



Treatment Recommendations
Surviving Sepsis Campaign 2008

2 Fluids, fluids and more fluids!
CVP: 812 cm H20
MAP> 65 mm HQ
Urine output > 0.5 ml/kg/hr
PA SvO2> 65% or CVP SvO2> 70%



Aggressive Fluid Resuscitation
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Treatment Recommendations
Surviving Sepsis Campaign 2008

3 Fluids resuscitation alone not working?

3 LEVOPHED!

Or maybe dopamine
3 For BP only, not low dose renal
3 Or maybe some dobutamine too

MAP> 65 mm Hg
Not working? Epinephrine Is alternative



T reatment

Recommendations
Surviving Sepsis Campaign 2008

3 Culture first (sepsis)
Blood, sputum, urine, etc.
CT scan (if safe)

3 Broad Spec IV antibioties In first hour
Endotoxin!



Pharmacelogy?
3 Block the cytokines?

Monoclonal antibody to TNF
Adrenocorticosteroids

3 System too iImportant to mess with?



Treatment Recommendations
Surviving Sepsis Campaign 2008

3 Recombinant Human Activated Protein C
Xigris (tx @ $8,000)

Administer If:

3.Sepsis induced organ dysfunction

3 High risk of death (APACHE 11> 25)
Do Not Administer If:

3 Severe sepsis
3 Low risk of death (APACHE 1l < 20)



Apache Il Scoring System

3 Age 3 Sodium

3 Heart Rate 3 Potassium
3 Respiratory Rate 3 Creatinine
3 Temperature 3 WBC

3 Chronic disease? 3 Hematocrit

3 Acute Renal Failure? 3 A-a gradient
3 Glascow Coma Score
3 Pa0O?2



Treatment Recommendations
Surviving Sepsis Campaign 2008

3 Other therapies
RBCOsS f or: «Hgb-:< 7 g/ dlL
ARDSnet for MV
Sedat lon: protocol s, avo
Insulin protocols, glucose < 150 mg/di
DVT & stress ulcer prophylaxis
Avold bicarbonate when pH > 7.15



Summary

3 Infection vs Host response (Immune
system)

3 Maintenance of adequate tissue perfusion
3 |dentification & elimination of infection

3 Recombinant Human Activated Protein C
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