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Key points = main results of the study
1) Compared to healthy dogs, only DO2I was significantly decreased in dogs with sepsis.
2) In dogs with sepsis, oxygen transport and utilization variables were not significantly different between survivors and non-survivors. 
3) Compared to dogs with nSIRS, septic dogs had a greater CI and DO2I.

Questions
1. What is the difference between CO and CI (or DO2 and DO2I)?

2. In this study, dogs with sepsis had a higher DO2I than dogs with nSIRS. What was this greater DO2I attributable to?

3. In this study, a significant linear correlation was found between DO2I and VO2I in dogs with sepsis. What is the meaning of this finding?

4. True or False: DO2I, CI, VO2I, O2ER, SVR can be used to predict outcome in dogs with sepsis?

5. In this study, they hypothesized that dogs with sepsis would have higher CI than healthy dogs.  However, this was not a result of this study. (CI in septic dogs was lower than reported values for healthy dogs). What are the potential explanations for this finding?

Questions
1. What is the difference between CO and CI (or DO2 and DO2I)?
CI (cardiac index) is the cardiac output (CO) adjusted to the patient body surface area. (DO2I is the DO2 adjusted to the patient body surface area…)

2. In this study, dogs with sepsis had a higher DO2I than dogs with nSIRS. What was this greater DO2I likely attributable to?
Higher DO2I was likely attributable to higher CI.
(DO2 = CO x CaO2)

3. In this study, a significant linear correlation was found between DO2I and VO2I in dogs with sepsis. What is the meaning of this finding?
Dogs with sepsis were in the supply-dependent portion of the oxygen-delivery-consumption curve. 

4. True or False: DO2I, CI, VO2I, O2ER, SVR can be used to predict outcome in dogs with sepsis?

5. In this study, they hypothesized that dogs with sepsis would have higher CI than healthy dogs.  However, this was not a result of this study. (CI in septic dogs was lower than reported values for healthy dogs). What are the potential explanations for this finding?
-Assessment of CI over 24 hours only; non-detection of earlier or later change in CI.
-Dogs may not develop biventricular dilatation (responsible for increase in CO in humans) to the same degree as humans.
-Tachycardia, which leads to decrease in ventricular filling time, decreased end-diastolic volume, and consequently a lack of change in CI.
-Non-adequate fluid resuscitation
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Description of the study:
n = 10 dogs (sepsis) and 11 dogs (nSIRS)

Objective:  to evaluate oxygen transport and utilization variables (DO2I, CI, VO2I, O2ER, SVRI) in dogs with naturally occurring sepsis (vs healthy dogs and vs dogs with nSIRS) and to determine if those variables are associated with outcome (survival).

Serial measurements of those variables.

Why is it important?
In humans, sepsis (when patients are volume-resuscitated) is a hyperdynamic state with increased CO, increased DO2, decreased SVR, decreased O2ER, and normal to high VO2. Hemodynamic profile of critically ill dogs is unknown. 

Other information:

During sepsis, tissue oxygen extraction and utilization may be impaired  development of tissue hypoxia multi-organ dysfunction  death.

Sepsis in volume-resuscitated humans is a hyperdynamic state characterized by normal to high CO despite impaired cardiac contractility. CO is maintained through reversible biventricular dilatation and tachycardia.  Both survivors and nonsurvivors of sepsis appear to maintain this hyperdynamic state.  Low SVR, with or without decreases in MAP is also detected. O2 delivery (DO2), which is the amount of oxygen (mL) delivered to the tissues per minute, is increased along with CO. (Normal to high CO, impaired contractility, low SVR, increased DO2, biventricular dilatation and tachycardia)	Comment by Jo-Annie Letendre: Ventricular dilation occurs as a compensatory mechanism and raises end-diastolic volume so that stroke volume can be preserved, taking advantage of the Starling principle. Ref.: Critical Care Medicine: Principles of Diagnosis and Management in the Adult

It is not known whether experimentally induced sepsis in dogs is associated with the same degree of myocardial depression as that which develops in humans with sepsis.

Despite sufficient DO2, metabolic dysfunction and signs of tissue hypoxia persist in sepsis. The underlying cause of persistent tissue hypoxia is an area of debate and is thought to be related to insufficient O2 ER, which is the percentage of oxygen removed by the tissues.  Causes of decreased O2 ER in association with sepsis :microcirculatory dysoxia, inability of the tissues to use oxygen, or more likely, some combination of these.  Cause of microcirculatory dysoxia: abnormal blood flow patterns at the tissue level caused by endothelial dysfunction, microthrombosis, and functional shunting. Microcirculatory flow derangements are associated with reduced tissue oxygen extraction, and both have been identified in humans with sepsis. Sepsis is also thought to decrease the ability of tissue to consume oxygen via mitochondrial dysfunction or cytopathic hypoxia, thereby creating a state of improper oxygen utilization. Regardless of the underlying cause, O2 ER is decreased in dogs and humans with sepsis despite adequate DO2 (Hn and dogs: decreased O2ER)

O2 consumption (VO2): total amount of oxygen consumed by the tissues.
In healthy animals, VO2 is independent of DO2 because DO2 >>>>>> tissue requirements. 
Once DO2 decreases to less than a critical level, VO2 becomes directly dependent of DO2. In healthy animals, O2 delivered is matched to O2 demand.
In septic states, inefficient matching of blood flow to oxygen demand creates a pathological oxygen supply dependency; despite increased DO2, decreased O2ER causes VO2 to become supply dependent. 
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Although it seems logical that VO2 should be decreased in septic states, VO2 is apparently normal to increased in both humans and dogs with sepsis: that may be a result of   heterogeneous blood supply at the microcirculatory level, wherein low flow rates in some tissues increase the amount of oxygen consumed yet other tissues become unable to extract oxygen.

In this study: a significant linear correlation between DO2I  and VO2I was found, indicating that the dogs with sepsis were in the supply-dependent portion of the oxygen delivery-consumption curve. At values less than the critical DO2, VO2 becomes directly dependent on delivery of oxygen. 

In a study of dogs with SIRS, DO2 and CO were decreased.

SIRS criteria:
 3 or more findings as follows: respiratory rate > 40 or PaCO2 < 30 mm Hg; heart rate > 120 beats/min; rectal temperature  < 100.4°F [38°C] or > 104°F [40°C]; WBC count < 5,000 cells/mm3 cells or > 18 000; and proportion of band neutrophils > 10%. 

n= 10 (sepsis) ; n=11  (nSIRS)

In this study: results indicated that there were few differences between variables in healthy dogs and dogs with sepsis, but significant differences were detected between dogs with sepsis and dogs with nSIRS.

 In previous studies in humans and dogs, CO was increased in individuals with sepsis, compared with values in healthy individuals; however, a similar finding (based on CI) was not a result of the present study.

 Although humans with sepsis typically remain in a hyperdynamic phase for 7 to 10 days there is little information on the duration of changes in affected dogs.  One study revealed that increases in CO were present for 10 days following induction of sepsis but only after bolus fluid administration each day.

It is possible that biventricular dilatation, as identified in humans with sepsis, does not develop to the same degree in dogs with naturally occurring sepsis.

 Following experimental induction of sepsis in dogs, reversible myocardial depression, decreased ejection fraction, and increased left ventricular end-diastolic volume are detected.

Compared with healthy dogs, dogs with sepsis in our study were significantly tachycardic. Lack of ventricular filling time may have resulted in decreased end-diastolic volume and consequently a lack of change in CO.

 Another reason for the lack of significant difference in CO between published values for healthy dogs and dogs with sepsis was that the dogs in our study may not have been adequately fluid resuscitated.  Humans with sepsis typically have decreased CO but become hyperdynamic once intravascular volume is restored. 

Althought a reflection of right atrial filling pressure—CVP do not necessarily imply adequate intravascular volume. Factors that can falsely increase CVP include venocon-striction, elevated intrathoracic pressure (as develops during positive-pressure ventilation), decreased CO, elevated intra-abdominal pressure, pericardial effusion, and changes in head and body position.

 Cardiac index in dogs with sepsis was significantly higher than it was in dogs with nSIRS. This is particularly interesting given that evidence of SIRS was part of the inclusion criteria for the dogs with sepsis. Therefore, one might expect dogs with sepsis to develop the same hemodynamic changes as dogs with nSIRS. The etiopathogenesis of myocardial depression, ventricular dilatation, and increased CO in humans with sepsis is not clear, but those abnormalities are thought to be related to derangements in calcium handling by myocytes. Increased concentrations of circulating cytokines (eg, tumor necrosis factor-α, interleukin-1β, and interleukin-6), increased nitric oxide production, and myocardial apoptosis have all been implicated in the development of myocardial depression. These biochemical and cytokine alterations are associated with both sepsis and SIRS, but in humans, SIRS is associated with myocardial depression and decreased CO. However, there has been no further research into the reason why sepsis results in a high-CO state, whereas SIRS alone does not.

DO2I lower in dogs with sepsis: mean total hemoglobin concentration and mean arterial oxygen saturation (components of DO2 equation) were significantly lower in dogs with sepsis…
Arterial oxygen saturation may be lower in dogs with sepsis because of impaired gas exchange associated with primary pulmonary diseases or pulmonary diseases that develop secondary to the septic process (ARDS, PTE). 

Values of DO2I in the dogs with sepsis were lower than values for healthy dogs but significantly greater than values in dogs with nSIRS. The latter finding was likely attributable to higher CI in the dogs with sepsis because values for the other components of the DO2 equation were not significantly different between dogs with sepsis and those with nSIRS. 

Nonsurvival in critically ill humans is more strongly associated with an inability to increase DO2 and VO2, even with pressor or inotropic support, despite increases in CI. Significantly lower O2ER also appears to be predictive of death. These findings imply that critically ill humans who lack the physiologic reserves to optimize hemodynamic variables are more likely to die and that measurements at a single time point do not predict survival.

!!!Oxygen transport and utilization variables do not provide adequate information regarding what is happening at the cellular level!!!

Oxygen extraction ratios should increase as VO2 becomes dependent to DO2, but that was not evident in the dogs with sepsis in this study. However, that effect occurs in humans with sepsis and has been detected in dogs with experimentally induced sepsis, and has been hypothesized to occur for the same reasons that the oxygen delivery-consumption curve and critical DO2 shift to the right (microcirculatory disturbances where higher flow rates are necessary to meet tissue needs; reduced oxygen extraction as a result of mitochondrial dysfunction).

Future research: measurements of cardiac contractility and left ventricular preload. This would help to determine whether ventricular dilation develops in dogs with sepsis as it does in humans with sepsis.  Measurement of circulating cytokine concentrations in temporal relation to alterations in CI, DO2I, O2ER,VO2I, and SVRI Alterations in the microvasculature in relation to global hemodynamic indices could also be investigated.
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