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What is SIRS : s systemic level of acute inflammation,
that may or may not be due to infection,

and is generally manifested as a

combination of vital sign abnormalities

including fever or hypothermia, tachycardia,
and tachypnoea.
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= Systemic Inflammatory Response
£ Syndrome

“‘ v. ¢ SIRS describes the inflammatory response
. %% that occurs in infection, pancreatitis,
1schemia, burns, multiple trauma, shock,
and organ injury.

¢ Patients with SIRS are hypermetabolic.
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SIRS

:Causes °

Mechanical tissue trauma: burns, crush injuries, contusion, —
surgical procedures

Abscess formation: intra-abdominal, extremities —

Ischemic or necrotic tissue: pancreatitis, vascular disease, Ml —
Microbial invasion: Bacteria, viruses, fungi —
Endotoxin release: Gram-negative bacteria —

Global perfusion deficits: Post—cardiac resuscitation, shock states —

SEPSIS) —
autoimmune pulmonar disorders .



SIRS

* SIRS —systemic inflammatory response syndrome
* Must have at least 2 of the following:

— Temperature >38.52C or <362C

— Heart rate >90 beats/min

— Respiratory rate >20 breaths/min or PaCO2 <32
mmHg

— WBC >12,000 cells/mm3, <4000 cells/mm3, or
>10 % immature (band) forms

* SIRS is the body’s response to infection,
inflammation, stress.
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-|||”|| Relationship Between Sepsis
and SIRS

BACTEREMIA
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CHF, CLD, DM, Acidosis, Cancer,
Trauma, Dialysis (HD&FLD), Bloincompatible matenals,
ESRD

Monocyte
Macrophage
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Systemic Inflammatory Response Syndrome (SIRS)
Anti-inflammatory reaction
IL-10, IL-4, TGF-

[ Definition ] IL-1ra Lipoxin
Cell ¢ lnate

An uncontrolled inflammation process’>

: : matory signals ex its normal >
Pro-inflammatory reaction Pro-inflammatory signals exceed its norma

TNF-a, IL-1, IL-6, IFN domain or degree
TXA,, PAF

Cell activation
Result in end-organ damage and multi-system >

failure.
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NORMAL

= Occasional resident I N fI amm atl on

lymphocyte or

Extracellular 0 SR, macrophage
matrix “~\_ c ’ X .: ..d-?
o Y '%b =~ INFLAMED Edema expands extracellular matrix

= s | it ihn
—1 - : # Deposition of fibrin
- Ay W= @ ::“i":ggg::m Jj @ and other plasma
gralon’, T» / proteins
/

2.0

Inflammatory cells

Inflammatory cytokines

Arteriole ‘ Venule
dilation Expansion of capillary bed dilation

Increased blood flow

0




Inflammatory Cytokines :
tumor necrosis factors (TNF)
interleukins (IL-1B, IL-6, IL-8, IL-4, IL-10)
interferons °
cytokine receptors & receptor antagonists
Procoagulant State:

shift in tendency of coagulation system

endothelial injury and dysfunction

protein C depletion
Increased Metabolic Demands :

increased oxygen consumption

increased gluconeogenesis °

increased protein catabolism



Major Cytokine Mediators TNF-a (1)

produced mainly by macrophages & neutrophils
response to many stimuli

very early expression in almost any major inflammatory
response

sustained increased levels in many conditions (trauma, burns, *
severe sepsis)
TNF-a (2)

stimulates release of other proinflammatory cytokines / lipids
IL-1, IL-6, eicosanoids, PAF —
phospholipase A2, COX, and nitric oxide synthase —

edema) °

fever e

vasodilatation (nitric oxide) = hypotension ¢



IL-1B
myocardial depression °

fever -
vasodilatation (nitric oxide) = hypotension *

Proinflammatory Cytokines °
e.g., IL-6, IL-8 & interferon-y °
promote immune cell-mediated killing

Anti-inflammatory Cytokines °

e.g., soluble TNF receptor, IL-1 receptor antagonist protein, IL- °
4, and IL-10

turn off the immune response when infection/stimulus has
been cleared



Sepsis; .
2 SIRS criteria + source of infection (you don’t necessarily need concrete —
evidence — high level of clinical suspicion is enough)
Severe Sepsis: .

Sepsis with organ dysfunction (don’t memorize the list below) —
Sepsis-induced hypotension °
Lactate above upper limits laboratory normal -

Urine output <0.5 mL kg/h for more than 2 h despite adequate fluid -
resuscitation

Acute lung injury with PaO2/Fi02<250 in the absence of pneumonia as °
infection source

Acute lung injury with PaO2/Fi02<200 in the presence of pneumonia as
infection source

Creatinine[2.0 mg/dL (176.8 Imol/L) -
Bilirubin[2 mg/dL (34.2 Imol/L) -
Platelet count <100,000 IL -

Coagulopathy (INR >1.5) -
Septic Shock .
Sepsis induced hypotension despite adequate fluid resuscitation —

«Sepsis induced hypotension = SBP <90mmhg or 40mmhg change from -
baseline ¢ lactate >4mmol
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QSeptic

Severe Shock
Se pSiS Severe Sepsis + Hypotension

Sepsis + End Organ Damage
Sepsis plus Organ Dysfunction

Elevated Creatinine (>2) e
Elevated INR (DIC) e

Sl RS Altered Mental Status (GCS e

0 0 <12)
Temp. >38°C or <36°C, HR >90, RR >20 or PaC0O, <32, Elevated Lactate (>4) o

WBCs >12,000 or <4,000 or >10% bands Hypotension that responds
to fluid

O

Sepsis

SIRS + Infection



Severe Sepsis

Systemic inflammatory response Sepsis associated with at least one
syndrome (SIRS) resulting from acute organ dysfunction,
infection (bacterial, viral, fungal, or hypoperfusion, or hypotension
parasitic)

Sepsis

Multiple Organ .
Dysfunction Septic Shock

Syndrome (MODS)

Presence of altered function of two or more
organs in an acutely Il patient, such that
homeostasis cannot be maintained without
intervention

Sepsis with hypotension, despite
adequate fluid resuscitation, along with
the presence of perfusion abnormalities

or organ dysfunction
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Continuum of illness Due to Infection

Bacteremia- Septicemia - Sepsis

evere Sepsis w Septic Shock - Severe Sepsis

MODS

« Acute mesenteric ischemia » Electrical injuries

i R « Adrenal insufficiency * Intestinal perforation
( M U Itl ple O rga n Noninfectious « Allergic reaction » Medication side effect
. conditions + Autoimmune disorders » Myocardial infarction
DySfu nCt|On « Bumns + Pancreatitis
contribute ta « Chemical aspiration » Substance abuse
'developing « Cirrhosis « Surgical procedures
Sy n d I’O m E) SIRS » Cutaneous vasculitis + Transfusion reactions
« Dehydration » Upper Gl bleeding
» Drug reaction » Vasculitis
* Anemia
« Electrolyte abnormalities
* Hyperglycemia
Death Document conditionsthat contribute or

result from Sepsis/SIRS.
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SIRS

systemic
inflammatory

response

syndrome

SEPSIS

SIRS with a presumed or
confirmed infectious process

Severe sepsis

Sepsis with 21 sign of organ failure

Septic shock

SIRS + Infection + Organ Failure +
Refractory Hypotension
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Aspiration

Severe
sepsis

FPancreatitis

Source:! Brunicardi FC, Andersen DK, Billiar TR, Dunn DL, Hunter 1G, Matthews JB,
Follock RE: Schwartzs Principlas af Surgary, 9th Editian: http:/fwww, accessmedicine, cam

Copuright @ The McSraw-Hill Cormpanies, Inc All rights reserved,
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Severe Sepsis:

Sepsis plus at least one of the following: —
Areas of mottled skin
Capillary refill >3 seconds .Y

Urine output < 0.5cc/kg/hr for at least one hour or renal replacement
therapy

Elevated lactate (>2 to 3)
Abrupt change in mental status
Abnormal EEG findings

Platelet count <100, 000

DIC

ARDS

Cardiac dysfunction .\

>

o > < 1 o ™



Septic Shock :

Severe sepsis plus at least one of the following: —
MAP<65mmHg despite adequate fluid resuscitation .\

Maintaining MAP>60-65mmHg requires vasopressors: Y
Dopamine > 5ug/kg/min o
Norepinephrine < 0.25ug/kg/min o

Epinephrine < 0.25mg/min
Refractory Septic Shock:

Septic shock that requires higher doses of the ionotropes to keep —
the MAP>65mmHg:
Dopamine > 15ug/kg/min
Norepinephrine > 0.25ug/kg/min

Epinephrine >0.25mg/min
Multiple Organ Failure/MODS:

Presence of altered organ functions in an acutely ill patient such —
that homeostasis cannot be maintained without intervention
Primary: secondary to a well defined insult in which organ dysfunction -

occurs early and can be directly attributable to the insult itself (eg ARF
from rhabdomyolysis)

Secondary: organ failure not in direct response to the insult itself but as
a consequence of a host response to the insult (eg ARDS in pancreatitis)
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Early Treatment for SIRS /SEPSIS

Address the Source of Infection

Start Antibiotics within 1 Hr / Maintain SaO2 > 96%

IV NS 1-1.5 liter bolus within 1 hour ( 20-30 ml/Kg)

CBC with Diff / Lactate STAT / Blood Cultures
INR/PTT/Fibrinogen / LDH / LFT’s & Total bilirubin / BUN / Cr /
Lytes / Glucose / Calcium

CXR & Suspected Source Cultures

If lactate > /= to 18 but < 36 repeat Q 6 hours until < 18. Consider
continuation of fluid bolus 500 ml NS Q 30 min until lactate < 18 or BP
responds with goals MAP > 60 or SBP > 90 with a maximum of 40-60
ml NS / Kg or complication by pulmonary edema onset. Should goals
not be met or pulmonary edema ensues an Arterial line and Central line
in addition to ICU transfer recommended.

Transfer to ICU for goal directed therapy if no response to
fluid boluses or severe sepsis is present

Goal directed therapy requires an Arterial line & Central
line within 2 hours of admission to guide further Tx Goals
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Multiple Organ Dysfunction Syndrome
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MODS is the failure of the balance

Uncontrolled inflammatory response

(MODS) is dysfunction of two or more organs (initially
uninvolved developing within a short period of time.

Primary MODS
immediate systemic response to injury or
insult
<1 week in ICU, better prognosis
Secondary MODS
progressive decompensation from host
response
>]lweek in ICU, worse prognosis



Multiple system organ failure.

The role of uncontrolled infection .

MSOF is primarily due to infection.>»
MSOF is the most common fatal >

expression of uncontrolled infection.
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(ARDS) Acute Respiratory Distress Syndromes



III
il mops
(Multiple Organ Dysfunction Syndrome)

-1 Sepsis with multiorgan hypoperfusion

Two or more of the followings:
SBP < 90 mmHg
Acute mental status change
PaO, < 60 mmHg on RA (PaO, /FiO, < 250)
Increased lactic acid/acidosis
Oliguria
DIC or Platelet < 80,000 /mm?
Liver enzymes > 2 x normal

American College of Chest Physicians/Society of Critical Care Medicine Consensus
Conference Committee. Crit Care Med. 1992;20:864-874.
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Organ Dystunciion

Coagulatnon
Gl

Liver
Endocrine

Skeletal Muscle

»

Dissemm 3 d intr:zvascular
Coagulopath)

Gastroparesis and ileus

Cholestasis N
Adrenal insufficiency
Rhabdomyolysis

N - - - : . P ~ e 4
v-Specific therapy exisis
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Case report
Left [eg open trauma

Day 2: PO: 48mm
Shortness of breath, Oliguria "0 45 kT
Day 4:

QLU DBZEUYS T 39 5 °CtWBC (18X 10%L) 1

R 35 /m, cyanosis, PaO,<60mmHg
Urine <100ml/d

| Réna/ failure Creatinine 77 BUN 11

Day 6:
Death




Causes for the translocation

Intestinal flora imbalance
Immune dysfunction
Intestinal mucosal ischemig..

il B

,4 Yeast
| Intestinal

\_‘\ ] Deterioration

Toxins

-
e

/ Parasites
.___,,‘\;- 3
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Case review

Left leg open trauma

SIRS

/

Renal failure
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Infection/Injury
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Uncontrolled Controlled
inflammatory response inflammatory response

|
|
SIRS | l
|
|
|

\ Infection/injury

MODS controlled



From Infection to Septic Shock

Systemic Inflammation or

s Inflammatory Response 5
g et

Diffuse endothelial disruption and
microcirculation defects
Global Tissue
Hypoxia and - Severe Sepsis :
Organ
Dysfunction

Septic Shock < m— ,-:’Lf

Multiple Organ
Dysfunction and
Refractory Hypotension




SIRS and IVIODS

Respiratory system
Alveolar edema —
Decrease in surfactant —
pulmonary hemorrhage  Dyspnea —
End result: ARDS —
death —
Cardiovascular system °
Myocardial depression and massive vasodilation —

Renal system -
Acute renal failure —
Hypoperfusion
Release of mediators

Activation of renin—angiotensin— aldosterone

system Thrombocytopenia

Nephrotoxic d ially antibiotics e DIC
ephrotoxic drugs, especially antibiotics Hyponatremia
Anemia

Elevated or decreased WBC



CNS

Altered
consciousness
Confusion
Psychosis

Cardiovascular

Respiratory

Tachycardia

Hypotension

Altered CVP
Altered PAOP

Tachypnea
Pao, <70 mm Hg
Sao, <90%
Pao,/Fio, <300

Renal

Oliguna
Anuria
4 Creatinine

Hepatic

Coagulation

Jaundice
4Enzymes
vAlbumin
APT

vPlatelets
APT/APTT
vProtein C
4D-dimer




MODS Progression

A Typical Sequence of Organ System Dysfunction... °
Circulatory insufficiency —
tachycardia, hypotension, myocardial depression, CHF, arrhythmia
CNS depression —
agitation, lethargy, coma °
Respiratory failure —
tachypnea, hypovent., hypoxia, hypercarbia, pulmonary edema, ALI/ARDS -
Renal insufficiency / failure —
fluid overload, uremia, electrolyte derangements -
Hematologic derangements —

anemia, hemolysis, thrombocytopenia, coagulopathy, DIC, consumptive-
hemorrhagic complications

Gut/Hepatic dysfunction —

ileus, cholestasis, bacterial translocation, gastritis, malnutrition, poor °
synthesis

Endocrine dysfunction —

insulin resistance, hyperglycemia, adrenal insufficiency
Immune system -—

cellular and humoral immune suppression °



Relationship Shock, Sirs & Mods

Shock

Low Blood Flow

Cardiogenic
- Myocardial infarction
- Dysrhythmias
- Cardiomyopathy
- Structural problems

Hypovolemic
- Severe trauma with massive
tissue injury
- Hemorrhage

Maldistribution of Blood Flow

Neurogenic

- Spinal cord injury

- Opioid overdose
Anaphylactic

- Multiple transfusions

- Severe allergic reaction
Septic

- Pancreatitis

- Infection — sepsis

\ 4

Systemic Inflammatory
Response Syndrome (SIRS)

- Mediator excess: cytokines (e.g., tumor necrosis
factor, interleukins), oxygen free radicals, etc.

- Widespread endothelial injury and dysfunction

- Vasodilation and increased capillary permeability

- Tissue edema

- Neutrophil entrapment in microcirculation

v

Multiple Organ Dysfunction Syndrome (MODS)
<€—Target organs—>»

WW

Cardiovascular Lung Gastrointestinal

Liver Renal

Skin

dysfunction dysfunction dysfunction dysfunction dysfunctlon dysfunction dysfunction

Copyright © 2007 by Mosby, Inc.. an affihate of Elsavier Inc
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Pathogenesis of Severe Sepsis

Infection

v
Microbial Products
(exotoxin/endotoxin)
¥

‘_____/-//,Cellular Responses IN

Platelet ||Coagulation : Kinins Cytokines
Activation || Activation Oxidases | | Complement || TNF, IL-1, IL-6
l | I I I
¥

Coagulopathy/DIC
Vascular/Organ System Injury

m

Ndothelial damagg | Endothelial d2
Multi-Organ Failure

|
Death
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Multiple Organ Dysfunction
Syndrome (MODS)

e [reatment
» Control initial inflammatory process
» Restore intravascular volume

» Aimed at providing oxygen and nutrition to support
failing organs

Mortality <iésl.a

Mosby items and denved items © 2010, 2006 by Mosby, Inc_, an affiliate of ElsevierInc. 21


http://www.google.com.eg/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwiA1-iDmJrQAhXBVSwKHSMoA9cQjRwIBw&url=http://slideplayer.com/slide/754506/&psig=AFQjCNHQ3EHOTFPUyhkScnXpMBUOqcRkUw&ust=1478729607320796
http://www.google.com.eg/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwiA1-iDmJrQAhXBVSwKHSMoA9cQjRwIBw&url=http://slideplayer.com/slide/754506/&psig=AFQjCNHQ3EHOTFPUyhkScnXpMBUOqcRkUw&ust=1478729607320796




