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“A patient will have as many diseases, as he/she pleases”


Old nephrological adage
Patients can simultaneously present problems in more than one organ system. This is more likely to occur in patients with diseases that can affect multiple systems (e.g. trauma, metastatic disease, SLE), by chance (e.g. old patients are more likely to have failure in multiple organs) or progressive organ system dysfunction in critical care patients. This lecture will concentrate in the so-called Systemic Inflammatory Response Syndrome or SIRS and allied disorders (Table 1).
Table 1. Abbreviated Definitions*









Systemic Inflammatory Response Syndrome (SIRS):  Systemic inflammatory response to a variety of clinical insults. The response is manifested by two or more of the following conditions: increase in heart rate, increase in respiratory rate, increase in temperature, and increase or decrease in WBC count or increase in band neutrophils.
Sepsis: 
 Systemic response to infection (SIRS secondary to infection) 
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 associated with hypotension, despite adequate fluid resuscitation, along with the presence of perfusion abnormalities as listed for severe sepsis.





* from ref 1
The increasing ability to support function of vital organs in critical patients has changed the course of many life-threatening illnesses. Critically ill patient's mortality used to result from the primary admission diagnosis. Because of technological, medical, and pharmaceutical advances, mortality in CCU today is more likely to be attributable to the development of progressive organ system dysfunction, typically involving multiple systems simultaneously, regardless of the use of aggressive organ support. This clinical entity, termed "multiple organ dysfunction syndrome" (MODS), commonly develops secondary to a generalized inflammatory response by the host, SIRS. Many conditions can be responsible for the initial inflammatory stimulus necessary for the development of SIRS (Table 2). 
The systemic inflammatory response that follows tissue injury or infections orchestrates a wide variety of systemic, immunologic, and metabolic responses to restore homeostasis, particularly by enhancing antimicrobial activity and improving wound healing. IL-1 and TNF-alpha will increase type I acute phase proteins (e.g. serum amyloid A, C-reactive protein, alpha-1-acid glycoprotein, complement C3), whereas IL-6 family will induce release of type II acute phase proteins (fibrinogen, haptoglobin, alpha-1-antitrypsin). This acute phase proteins will participate in homeostasis (fibrinogen), bacterial phagocytosis and killing (complement, C-reactive protein), anti-thrombosis (alpha-1-acid glycoprotein), and anti-proteolysis (alpha-1-antiteypsin). In response to the intial inflammatory stimulus, the body also mounts an anti-inflammatory response (compensatory anti-inflammatory response syndrome or CARS). There is an increase in anti-inflammatory cytokines (IL-4, IL-10, IL-11, IL-13, TGF-beta). The outcome of patients with SIRS and its allied disorders ultimately results from a balance between CARS and SIRS (Figure 1). A patient with a balanced response is more likely to survive than a patient in which either SIRS or CARS predominates. 
Table 2. Inflammatory stimuli in SIRS*









Mechanical Tissue Damage


Burns, crush injuries, surgical procedures

Microbial Invasion


Immunossupression, surgery-trauma, nosocomial exposure

Endotoxin Release


Gram negative sepsis, bacterial translocation

Ischemic-Necrotic Tissue


Pancreatitis, DIC

Abscesses

Global Perfusion Deficits


Shock states, cardiopulmonary arrest

Regional Vascular Deficits


Thrombosis










* adapted from ref 11
The overall response to an inflammatory stimulus can be viewed as an initial local inflammatory response followed by a compensatory local anti-inflammatory response (stage 1) (figure 1). Small amounts of cytokines are released into the circulation to help defend the local environment (stage 2). This is a normal response that will recruit macrophages and platelets, and stimulate production of growth factors. This acute-phase reaction is controlled by the simultaneous increase in endogenous antagonists of the proinflammatory mediators. The cytokine response is tightly regulated restoring homeostasis. Occasionally, control of the cytokine response is lost leading to stage 3. When control is lost a massive systemic reaction is initiated and cytokines become destructive rather than protective. Both SIRS and CARS will operate and the final outcome will be dictated by which one predominates. Patients that mount a massive anti-inflammatory reaction (CARS predominates) become immunossupressed and prone to infections. Whenever SIRS predominates, shock, apoptosis and multiple organ dysfunction (MODS) may occur. A two hit theory was proposed to explain why control of the inflammatory response can be lost when a second insult produces a different response than the first. The first insult could be trauma or surgery, with sepsis being the second insult. Sepsis has an altered response to the injury primed by trauma or surgery.
Clinical Signs
Criteria for SIRS in dogs and cats are described in table 3. A patient should fulfill two or more criteria to be diagnosed with SIRS. Inclusion criteria to SIRS are very sensitive, but not specific. A nervous cat in the exam room or a dog being exercised may fulfill the criteria (tachycardia and tachypnea) to be diagnosed with SIRS. It is important to only use the term when the abnormalities cannot be easily explained by other processes. SIRS is clearly not specific and should not be applied in the absence of clinical judgment. SIRS also may not reflect the severity of the disease, although there is a trend to have worse prognosis when comparing patients with SIRS, sepsis, severe sepsis and septic shock. SIRS and sepsis have an initial hyperdynamic phase with bright red mucous membranes, tachycardia, bounding pulses and hyperthermia followed by a hypodynamic phase with decreased cardiac output and shock. Cats may not shown tachycardia and the other findings of the initial hyperdynamic phase. All patients with SIRS may develop shock, DIC and MODS. Clinical signs on MODS depend on the affected organs.
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Table 3. Criteria for SIRS in dogs and cats








Clinical Parameter


Dogs



Cats




Temperature (oC)

        < 38 or > 40

            
< 37.7 or > 40
Heart Rate (bpm)


> 120 



<140 or > 225 
Respiratory rate



> 40 



> 40 
WBC (X 103/l)

<6 or >16 or > 3% bands
<5 or >19 or > 3% bands
* adapted from ref s 3, 4, 7, and 8
Therapy

SIRS and MODS provide a framework to understand the abnormalities that occur in critical patients. Doctors don’t treat acronyms, we treat disease. Early diagnosis, cardiovascular support, maintenance of proper oxygenation and tissue perfusion, while searching for an infection and treating it if found, are the important steps in managing whole body disasters. Patients with sepsis, shock or DIC should be treated accordingly. It is also important to remember that SIRS does not imply presence of infection. In patients with MODS, the specific organs failing should be supported. 
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Figure 1. Sequential events leading to SIRS, CARS, and MODS








