SEPSIS AND SEPTIC SHOCK

Distributive Shock

· Distributive shock is characterized by an overt loss of vascular tone, causing acute tissue hypoperfusion.

·  Although numerous events can initiate distributive shock, most cases are readily reversed by supportive measures and treatment or elimination of the underlying cause.

Septic Shock

· Distributive shock secondary to sepsis, or septic shock, is associated with a high mortality rate, reflecting the limited therapeutic options available at this time. 

· Septic shock is the number one cause of death in the non coronary ICU and the 13th most common cause of death in the United States. 
· Society of Critical Care Medicine (SCCM) defines sepsis syndrome as a systemic inflammatory response resulting from infection.
· severe sepsis =  When associated organ dysfunction, hypoperfusion, or hypotension is present.
·  septic shock = when hypotension persists despite adequate fluid resuscitation and requires inotropic or vasopressor support, 
	ACCP/SCCM Consensus Conference Definitions

	Infection

Microbial phenomenon characterized by an inflammatory response to the presence of microorganisms or the invasion of normally sterile host tissue by those organisms.

Bacteremia

The presence of viable bacteria in the blood.

Systemic inflammatory response syndrome (SIRS)

The systemic inflammatory response to a variety of severe clinical insults. The response is manifested by two or more of the following conditions:
Temperature >38°C or <36°C
Heart rate >90 beats/min
Respiratory rate >20 breaths/min or PaCO2 <32 mmHg (<4.3 kPa)
WBC >12,000 cells/mm3, <4,000 cell/mm3, or >10% immature (bands) forms

Sepsis

The systemic response to infection. The systemic response is manifested by two or more of the following conditions as a result of infection:
Temperature >38°C or <36°C
Heart rate >90 beats/min
Respiratory rate >20 breaths/min or PaCO2 <32 mmHg (<4.3 kPa)
WBC >12,000 cells/mm3, <4,000 cell/mm3, or >10% immature (band) forms

Severe sepsis

Sepsis associated with organ dysfunction, hypoperfusion, or hypotension. Hypoperfusion and perfusion abnormalities may include, but are not limited to, lactic acidosis, oliguria, or an acute alteration in mental status.

Septic shock

Sepsis with hypotension, despite adequate fluid resuscitation, along with perfusion abnormalities that may include, but are not limited to, lactic acidosis, oliguria, or an acute alteration in mental status. Patients who are on inotropic or vasopressor agents may not be hypotensive at the time that perfusion abnormalities are measured.

Hypotension

A systolic BP of <90 mmHg or a reduction of >40 mmHg from baseline in the absence of other causes for hypotension.

Multiple organ dysfunction syndrome

Presence of altered organ function in an acutely ill patient such that homeostasis cannot be maintained without intervention.




(MODS)
· More than half the cases of septic syndrome occur in the ICU, one-third occur in other currently hospitalized patients, and 10% to 15% of cases are present on admission to the emergency department (ED).
·  Progression to septic shock occurs in about half of patients who have septic syndrome within 1 month of onset, as defined by hypotension.
·  Persons most at risk for septic shock are those who are immunocompromised or have underlying conditions that render them susceptible to bloodstream invasion. 
· Groups at risk include neonates, the elderly, patients with acquired immune deficiency syndrome (AIDS), alcoholics, childbearing women, and those undergoing surgery or who have experienced trauma. Other predisposing factors include coexisting diseases such as diabetes mellitus, malignancies, chronic hepatic or renal failure, and hyposplenism; exposure to immunosuppressant drugs and cancer chemotherapy; and procedures such as insertion of urinary catheters, endotracheal tubes, and IV lines.
· Septic shock is characterized initially by a normal or high cardiac output and a low systemic vascular resistance (Table 21-3). 

1. Hypotension is caused by the low SVR as well as alterations in macrovascular and microvascular tone, which result in maldistribution of blood flow and volume.

2.  Changes in the microvasculature can lead to loss of normal microvascular autoregulatory mechanisms resulting in constriction of capillaries, changes in cellular rheology, fibrin deposition, and neutrophil adherence.

3.  This causes vascular “sludging” and, in some cases, arteriovenous shunts that bypass capillary beds. Loss of intravascular fluid caused by increased vascular permeability and third spacing of fluid further adds to hypovolemia. 

4. In an effort to compensate for the changes in volume and SVR, the body goes into a hyperdynamic state and increases CO. 

5. Most patients develop myocardial dysfunction as manifested by decreased myocardial compliance, reduced contractility, and ventricular dilation, but maintain a normal CO because of tachycardia and cardiac dilatation. Although the cause of, and mechanism for, this abnormality are not fully understood, it is not believed to be caused by myocardial ischemia.

6.  Rather, it is thought to be caused by one or more circulating inflammatory mediators, such as cytokines, tumor necrosis factor-α (TNF-α), platelet activating factor (PAF), arachidonic acid, nitric oxide (NO), and reactive oxygen species. 

7. In late septic shock, the body is no longer able to compensate because of the cardiac effects of the inflammatory mediators and myocardial edema, therefore resulting in a decreased CO. 

8. The end product of this complicated pathway is cellular ischemia, dysfunction, and eventually cellular death unless the chain of events is interrupted.

· The pathogenesis of sepsis is the changes that take place during sepsis are caused by the immunologic host response to infection which involves inflammatory and immunodepressive (anti-inflammatory) phases. 

· It is unknown, however, whether these phases are sequential (inflammatory then immunodepressive) or whether immunosuppression is a primary response to sepsis rather than a compensatory response.

· The inflammatory stage of sepsis is initiated by an infection with a microorganism, most commonly bacterial. 

Clinical and Hemodynamic Features
· The clinical features of septic shock are fever, chills, nausea, vomiting, and diarrhea.

· Characteristic laboratory findings include leukocytosis or leukopenia; thrombocytopenia with or without coagulation abnormalities; and often, hyperbilirubinemia. 

· These features are usually readily detectable and occur within 24 hours after bacteremia develops, particularly if the bacteremia is caused by gram-negative organisms.

·  In the extremes of age (very young or very old) or in debilitated patients, hypothermia can be present, however, and positive findings may be limited to unexplained hypotension, mental confusion, and hyperventilation.

· In contrast to the classic progression of shock, persons dying from septic shock often have a normal or elevated CO.

·  Death within the first week after the onset of sepsis occurs as a result of intractable arterial hypotension that is secondary to a significantly depressed SVR. 

· This causes extensive maldistribution of blood flow in the microvasculature, with subsequent tissue hypoxia and the development of lactic acidosis. 

· Death occurring beyond the first week usually is caused by multiple organ failure that began during the acute circulatory failure. 

· Severe, unresponsive hypotension as a result of a decreased CO does occur in a subpopulation of patients with septic shock; cardiogenic shock becomes superimposed on the distributive shock of sepsis, but this is not the most common cause of death.23
Therapeutic Approach

The management of septic shock is directed toward three primary areas: 

(a) eradication of the source of infection, 

(b) hemodynamic support and control of tissue hypoxia, and 

(c) inhibition or attenuation of the initiators and mediators of sepsis.

Eradicating the Source of Infection

· Systemic infection caused by either aerobic or anaerobic bacteria is the leading cause of septic shock. 
· Fungal, mycobacterial, rickettsial, protozoal, or viral infections can also be encountered.
· Eradicating the source of infection involves the early administration of antimicrobial therapy, and, if indicated, surgical drainage.

·  The use of an appropriate antibiotic regimen is associated with a significant increase in survival. 

· If the source of infection is unclear, however, early institution of broad-spectrum antibiotics is generally recommended while awaiting culture results. 

· Empiric therapy is indicated, given a >50% mortality rate caused by gram-negative sepsis within the first 2 days of illness and the increasing frequency of polymicrobial infections.

·  Recommended empiric regimens typically include an aminoglycoside plus a third-generation cephalosporin or a similar broad-spectrum agent to cover for gram-positive cocci, aerobic gram-negative bacilli, and anaerobes 
· Imipenem should adequately cover nosocomial gram-negative pathogens such as Pseudomonas aeruginosa and Acinetobacter baumannii as well as abdominal anaerobic organisms. 
· Vancomycin will cover S. aureus from possible IV contamination as well as potential staphylococcal pneumonia.
·  Antimicrobial therapy is adjusted once cultures are finalized.
Initial Stabilization

· Fluids are the mainstay of treatment because increasing CO will improve capillary circulation and tissue oxygenation by maintaining sufficient intravascular volume. 

· If fluids do not correct the hypoxia or if filling pressures are increased, the sequential addition of inotropes and vasopressors is indicated.

·  Blood transfusions should be used if the hematocrit is below 21% unless there is an active source of bleeding or a history of cardiac disease, in which case the hematocrit value would be maintained at a higher value.

·  Crystalloids (with electrolytes to correct imbalances) should be initiated to maintain the CI goal as well as a MAP of 65 mmHg or a SBP of 90 mmHg. 

· The MAP is a better reflection of systemic arterial pressure because it considers the diastolic pressure, which is an essential component of blood flow. 

· Although MAP and BP are not absolute measures of blood flow to all vital organs, these pressures are considered the therapeutic end points that will sustain myocardial and cerebral perfusion. 

· After optimization with fluid therapy, inotropic and vasopressor agents are indicated if the patient remains hypotensive with a low CI and if signs of inadequate tissue perfusion persist.

Vasopressors

· Norepinephrine -patients in whom previous therapy with plasma volume expansion and dopamine or dobutamine had failed, norepinephrine reversed hypotension and significantly increased MAP, SVR, and urine output.
· Phenylephrine is a pure α-adrenergic agonist (Table 21-7) and, thus, increases systolic, diastolic, and mean arterial pressures through vasoconstriction. Reflex bradycardia can occur secondarily because of the absence of β-adrenergic effects.
· Vasopressin -Sepsis, however, can cause a decrease in responsiveness to catecholamines resulting in refractory hypotension, possibly because of downregulation of adrenergic receptors. 

Septic patients exhibit an increased sensitivity to vasopressin.

 Vasopressin is an endogenous hormone that has very little effect on BP under normal conditions, but becomes very important in maintaining BP when the baroreflex is impaired, such as in shock states.

Inotropic Agents

· Dopamine-. If the MAP is low with a depressed CO and a low SVR, dopamine is an appropriate choice because its combined α-adrenergic vasoconstrictive actions and β-adrenergic inotropic effects will increase SVR and CO, thereby effectively raising it.

· Dobutamine is often advocated as the secondary inotropic agent in the management of septic shock, particularly in patients with low CO and high filling pressures.

 Dobutamine produces a greater increase in CO than dopamine, but also lowers SVR.

Other Therapies

· Corticosteroids  - were originally proposed as a treatment option because of their anti-inflammatory properties with the hope of attenuating the body's response to infection. More recently it has been shown that critically ill patients exhibit impaired cortisol secretion because of a relative adrenocortical insufficiency, and it is suspected that these patients display a glucocorticoid peripheral resistance syndrome. 

Almost 50% of patients with septic shock exhibit relative adrenal insufficiency defined as a maximal change in cortisol level of <9 mcg/dL after a 250 mcg IV dose of corticotropin.94

hydrocortisone 50 mg IV every 6 hours plus fludrocortisone 50 mcg/feeding tube every 24 hours should be started after the stimulation test.
· statins appear to have immunomodulatory and anti-inflammatory effects.    Aside from their well-described lipid-lowering effects, 
Statin therapy lowers C-reactive protein levels, inhibits endothelial cell dysfunction, causes upregulation of endothelial NO synthase, and blocks immune cell receptors.
