Pathophysiology of Sepsis

Key Points
· Sepsis is a life-threatening organ dysfunction caused by a dysregulated host response to infection is the human definition, in veterinary medicine SIRS as a response to an infection

· Alterations in the regulation of vasomotor tone, increased vascular permeability, dysfunctional microcirculation, and coagulation abnormalities are hallmarks of sepsis

· Microcirculatory abnormalities are often present in the face of normal macrohemodynamics, difficult to clinically assess

· Septic shock is a subset of sepsis in which underlying circulatory and cellular/metabolic abnormalities are profound enough to substantially increase mortality

· Patients with septic shock can be identified by persisting hypotension requiring vasopressors to maintain MAP ≥65 mm Hg and having a serum lactate level >2 mmol/L despite adequate volume resuscitation as per Sepsis 3.0, this is based on mortality, unclear in vet med

Defining Sepsis in Veterinary Medicine
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Dogs 2/4 SIRS criteria
Cats 3/4? SIRS criteria               


	PIRO
	Staging System

	Predisposition
	Genetics, gender, age, nutritional status, breed (ie: Doberman, Rottweilers / Parvo)

	Infection
	Type and location of infection

	Recognize
	SIRS criteria, biomarkers,

	Organ Failure
	ARDS< AKI



Cats: 
· common clinical abnormalities include lethargy, signs of diffuse abdominal pain, tachypnea, bradycardia, weak pulses, anemia, hypoalbuminemia, hypothermia, and icterus and 3/4 SIRS criteria should be used (Brady et al, 2000)
· may not develop tachycardia in response to hypotension because of simultaneous baroreceptor stimulation of vagal and sympathetic fibers
· Cats with induced endotoxemia ->↓ L ventricular contractility and ↑ L ventricular end-diastolic pressure, ↑ ventricular end-diastolic volume, results in stretch of L ventricular receptors -> reflex bradycardia through vagal stimulation
· Cats have high sympathetic tone and in a clinical setting may become sympathetically exhausted (Goggs)
· > likely to have band neutrophilia and hypoalbuminemia, hypochloremia is a negative prognostic indicator (Declue et al, 2011)
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Microbial Factors in Sepsis fav board question
· Gram (+)  activate inflammation cascade in response to cell wall components (lipoteichoic acid, peptidoglycan, peptidoglycan stem peptides), bacterial DNA or exotoxins and then induce widespread activation of T-cells leading to uncontrolled release of cytokines (TNF-α, IL-1, IL-6, IL-8 and interferon-γ)

· Gram (–) activate inflammation cascade in response to cell wall component lipopolysaccharide (LPS), this binds to LBP (LPS binding protein) and then bind to CD14 on macrophages -> initiates TLR to initiate production of cytokines (TNF-α, IL-1, IL-6, IL-8 and interferon-γ)
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Loss of Homeostatic Mechanisms in Sepsis
1.  Loss of vasomotor tone
· Overproduction of nitric oxide (NO), NO is a powerful vascular smooth muscle relaxant that leads to vasodilation in septic shock
· NO is induced by endotoxins, TNF-α, IL-1 or platelet activating factor (PAF)
· Lack of vasopressin
· K ATP channels – see Pathogenesis of vasodilatory shock
· Osterbur et al, prospective, observational study in dogs, NO breakdown products (nitrate/nitrite) were significantly greater in septic/SIRS dogs compared to healthy controls

2. Dysregulation of inflammation and coagulation
· Bacterial infection and host inflammatory cytokines upregulate tissue factor (TF)
· TF activates VII -> initiate coagulation cascade -> activate platelets
· Natural anticoagulant and fibrinolytic processes are inhibited in sepsis due to downregulation of antithrombin, TF pathway inhibitor, TPA and increased plasminogen activator inhibitor (PAI-1)
· Protein C pathway is also inhibited -> reduction of protein C anticoagulant and anti-inflammatory effects
· In sepsis, patients are procoagulant and antifibrinolytic initially then hypocoagulable due to decreased host synthesis and effectiveness of natural coagulation inhibitors 

3. Endothelial, microcirculatory and mitochondrial abnormalities
· Alteration in endothelium, increased vascular permeability and microvascular  derangements occur due to:
· Endothelial dysfunction
· Alterations and damage to glycocalyx
· Rheologic changes to rbc
· Leukocyte activation
· Microthrombosis
· Loss of vascular smooth muscle autoregulation
· Alterations in tissue extraction and tissue hypoxia occur due to:
· Decreased functional capillary density (due to thrombosis, collapsed capillaries)
· Increased diffusional distance for O2
· Microvascular thrombosis
· Cytopathic hypoxia from mitochondrial dysfunction

*Krogh’s cylinders: cells farthest from arterioles receive a decreased amount of O2, oxygen tension is reduced, if the cylinder has edema around it, there is even less oxygen
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Mechanisms of Immune Suppression in Sepsis
· Shift to anti-inflammatory cytokines
· Activated CD4 T cells secrete cytokines
· Inflammatory: Type 1 helper T cell properties (ie: TNFα, interferon-γ, IL-2)
· Anti-inflammatory: Type 2 helper T cell properties (ie: IL-4, IL-10)
· Unknown what causes CD4 T cells to have Th1 or Th2, may be influenced by type of pathogen, amount of pathogen and site of infection

· Anergy
· State of unresponsiveness to antigen, T cells fail to proliferate or secrete cytokines in response to antigens-> correlated with mortality

· Death of immune cells
· Apoptosis induced loss of CD4 T cells (macrophage activation), B cells (decreased antibody production),  and dendritic cells (antigen presentation)

· Loss of macrophage expression of major histocompatibility-complex class II and costimulatory molecules

· Macrophages phagocyte apoptotic cells, along with inflammatory cytokines these would have produced, hence potentially producing immunosuppression
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*Memorize top 3-4 lines
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Figure 1. The Response to Pathogens, Involving *Cross-Talk” among Many Immune Cell, Including Macrophages, Dendritic Cells, and CD4
Taal

Macrophages and dendrticclls ar activate by the ingestion of bacteia snd by stimulstion through cytckine (e, nerferon-1) secreted by
CD# Tcells Aternatively, CDA T cll tht v an atiflammtory profle (ype 2 helper T cel Th2) secrte inteteukin 10, ich suppresses
macrophage acivation. CDH T celsbecome actvted by stimultion through macrophages or dendric cels. For eample, macrophages and

dendriic cellssecree ntereukin 12, which acivates CDA T celst secrete nflammatory (type 1 heper T-cell[Th1)cytokine. Depending
‘on numerous factors (.. thetype ofogarism and th st of infection), mcrophages and dendrtic cells il respond by inducing either in-
Asmmatory orantifammatoy cytokies o causing a lobl eduction i cytokineproduction (snergy). Macrophsges or dendrtic cells that

havepreviously ingested necrtic clls il induce an nflmmatory ctokin profile (Th1). Ingestion o spoptoticcellcan nduc sthe an anti-
infiammatory cytokine profieor anrgy. A pls sgn ndictes p regulation, and 3 minus sign indicates down-regulation; i cazes where both
pls sign and a minus sign appear, either up-regulation or downregulation may occur, depending on a varietyof factors.
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TABLE 3. Mediators in sepsis

Pro-nflammatory mediators

Antiinflammatory mediators

NFa

IL1b, IL2, IL8, IL-15

Neutrophil elastase

IFNy

Thromboxane, plateletactivating factor
Vasoactive neuropeptides
Plasminogen activator inhibitor-1
Prostaglandins, prostacyclin
Free radical generation

Soluble adhesion molecules
Tyrosine kinase, Protein kinase
H,S, NO

HMGB1. protein

IL-1Ra

14

110

113

Type Il -1 receptor
Transforming growth factor-p
Epinephrine phospholipase A,
Epinephrine phospholipase A,
Soluble TNF- receptor
Leukotriene By-receptor antagonist
LPS binding protein

Soluble recombinant CD-14

Adapted with permission from Bone et al.®
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Table 91-1° Systemic Inflammatory Response
Syndrome Criteria for Dogs and Cats

Speces Dogs cats

Temperature <37.2199, <37.8/100.4,
(Celsius/Fahrenheit) >39.2/102.5 >40/104

Heart rate (beats/min) >140 <140, 5225

Respiratory rate >30 >40
(breaths/min)

WBC x 109l <6,>19 <5,>19

WBC, White blood cells.
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Table 3. COMMON BAGTERIAL ISOLATES AND PREVALENGE IN DOGS AND CATS

WITH SEPSIS
Dogs
Common Bacteria and ‘Common Bacteria and
Site of infection Provalence ‘Provalenc
Pulmonary Enteric T Eneric I
Pasteureliae + Pasteurclae p
Preumonia, Anaerobes 44 Anserobes B
Pyothorax Saphylococci 44 Saphylococct e
Streptococct + Streptococct e
Abdominal Eneric Y4+ Enteric o
Anaerobes. 44 Anaerobes p
Septic Staphylococci 44 Pastourelae +
peritonits Streptococct 44 Sphylococct p
Streptococct +
Renal Enteric $ae Enteric po
Staphylococci 44+ Pastourellae JoRne
Pyelonephritis  Streptococcs + Staphylococci pran
Streptococct +
Reproductive Enteric w4e Enteric o
Anaerobes it Anaerobes. B
Prostatic abscess  Staphylococci $44 Staphylococct e
Pyometra Streptococc - Streplococ -

Micrabil seniiviey may dife between hopitls.
Data from eferences 2,8, 13,17, 18, and 23
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