Circulatory shock  - Vincent, Jean-Louis, De Backer, Daniel

1. Which of the following type of shock is most likely associated with a high cardiac output.
a) Distributive
b) Hypovolemic
c) Obstructive
d) Cardiogenic


2. Which of the following should be carefully monitored to avoid a complication of fluid therapy? 
a) Temperature
b) Heart rate
c) Respiratory rate
d) Blood pressure
e) Lactate 


3. Which of the following drugs is the inotropic agent of choice for increasing cardiac output?
a) Norepinephrine
b) Levosimendan
c) Dopamine
d) Dobutamine
e) Milrinone

4. Which of the following drug would be your preferred choice to address hypotension that persists despite adequate fluid therapy?
a) Epinephrine
b) Norepinephrine
c) Isoproterenol
d) Dopamine



ANSWERS
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1. Which of the following type of shock is most likely associated with a high cardiac output.
a) Distributive
b) Hypovolemic
c) Obstructive
d) Cardiogenic

Hypovolemic, obstructive and cardiogenic shocks are characterized by low cardiac output and, hence, inadequate oxygen transport. In distributive shock, the main deficit lies in the periphery, with decreased systemic vascular resistance and altered oxygen extraction. Typically, in such cases cardiac output is high (or can be normal), although it may be low as a result of associated myocardial depression. 


2. Which of the following should be carefully monitored to avoid a complication of fluid therapy? 
a) Temperature
b) Heart rate
c) Respiratory rate
d) Blood pressure
e) Lactate 

A fluid-challenge technique should be used to
determine a patient’s actual response to fluids, while limiting the risks of adverse effects. A fluid challenge incorporates four elements that should be defined in advance.10 First, the type of fluid must be selected. Crystalloid solutions are the first choice, because they are well tolerated and cheap. The use of albumin to correct severe hypoalbuminemia may be reasonable in some pa- tients.11 (A detailed examination of the choice of resuscitation fluids was provided in a previous article in this series12 and thus is not included in this review.) Second, the rate of fluid adminis- tration must be defined. Fluids should be in- fused rapidly to induce a quick response but not so fast that an artificial stress response develops; typically, an infusion of 300 to 500 ml of fluid is administered during a period of 20 to 30 min- utes.13 Third, the objective of the fluid challenge must be defined. In shock, the objective is usu- ally an increase in systemic arterial pressure, although it could also be a decrease in heart rate or an increase in urine output. Finally, the safety limits must be defined. Pulmonary edema is the most serious complication of fluid infusion.


3. Which of the following drugs is the inotropic agent of choice for increasing cardiac output?
a) Norepinephrine
b) Levosimendan
c) Dopamine
d) Dobutamine
e) Milrinone


4. Which of the following drug would be your preferred choice to address hypotension that persists despite adequate fluid therapy?
a) Epinephrine
b) Norepinephrine
c) Isoproterenol
d) Dopamine

We consider dobutamine to be the inotropic agent of choice for increasing cardiac output, regardless of whether norepinephrine is also being given. With predominantly β-adrenergic properties, dobutamine is less likely to induce tachycardia than isoproterenol (a pure β-adrenergic agent, use is limited to the treatment of patients with severe bradycardia). Dobutamine has limited effects on arterial pressure, although pressure may increase slightly in patients with myocardial dysfunction as the primary abnormality or may decrease slightly in patients with underlying hypovolemia. Instead of routine administration of a fixed dose of dobutamine to increase oxygen delivery to supranormal, prede- termined levels, the dose should be adjusted on an individual basis to achieve adequate tissue perfusion. Dobutamine may improve capillary perfusion in patients with septic shock, independent of its systemic effects.

Phosphodiesterase type III inhibitors, such as
milrinone and enoximone, combine inotropic and vasodilating properties. By decreasing the me- tabolism of cyclic AMP, these agents may rein- force the effects of dobutamine. They may also be useful when β-adrenergic receptors are down- regulated or in patients recently treated with beta-blockers. However, phosphodiesterase type III inhibitors may have unacceptable adverse ef- fects in patients with hypotension, and the long half-lives of these agents (4 to 6 hours) prevent minute-to-minute adjustment. Hence, intermit- tent, short-term infusions of small doses of phosphodiesterase III inhibitors may be prefer- able to a continuous infusion in shock states. Levosimendan, a more expensive agent, acts
primarily by binding to cardiac troponin C and increasing the calcium sensitivity of myocytes, but it also acts as a vasodilator by opening ATP- sensitive potassium channels in vascular smooth muscle. However, this agent has a half-life of several days, which limits the practicality of its use in acute shock states.


We consider norepinephrine to be the vasopressor of first choice; it has predominantly α-adrenergic properties, but its modest β-adrenergic effects help to maintain cardiac output. Administration generally results in a clinically significant increase in mean arterial pressure, with little change in heart rate or cardiac output.

Dopamine has predominantly β-adrenergic
effects at lower doses and α-adrenergic effects at higher doses, but its effects are relatively weak. Dopaminergic effects at very low doses (<3 µg per kilogram per minute, given intravenously) may selectively dilate the hepatosplanchnic and renal circulations, but controlled trials have not shown a protective effect on renal function, and its routine use for this purpose is no longer recommended. Dopaminergic stimulation may also have undesired endocrine effects on the hypothalamic–pituitary system, resulting in immunosuppression, primarily through a reduction in the release of prolactin. In a recent randomized, controlled, double-blind trial, dopamine had no advantage over nor- epinephrine as the first-line vasopressor agent; moreover, it induced more arrhythmias and was associated with an increased 28-day rate of death among patients with cardiogenic shock.4 Administration of dopamine, as compared with norepinephrine, may also be associated with higher rates of death among patients with septic shock. Hence, we no longer recommend dopamine for the treatment of patients with shock. Epinephrine, which is a stronger agent, has
predominantly β-adrenergic effects at low doses, with α-adrenergic effects becoming more clinically significant at higher doses. However, epinephrine administration can be associated with an increased rate of arrhythmia  and a decrease in splanchnic blood flow16 and can increase blood lactate levels, probably by increasing cellular metabolism. Prospective, randomized studies have not shown any beneficial effects of epinephrine over norepinephrine in septic shock. We reserve epinephrine as a second-line agent for severe cases.
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Figure 3. Four Phases in the Treatment of Shock.
The salvage phase focuses on achieving a blood pressure and cardiac out-
put compatible with immediate survival and performing lifesaving proce.
dures to treat the underlying cause of shock. The optimization phase focus:
es on promoting cellular oxygen availability and monitoring cardiac output,
mixed venous oxygen saturation (5vo,), and lactate levels. The stabilization
phase focuses on preventing organ dysfunction, even after hemodynamic
stability has been achieved. The de-escalation phase focuses on weaning
the patient from vasoactive agents and providing treatments to help
achieve a negative luid balance.
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Figure 1. Initial Assessment of Shock States.
Shown is an algorithm for the initial assessment of a patient in shock (Panel A),rel

and schematic representations of the four main types of shock (Panel C). The alg
. arterial hypotension), but hypotension is sometimes minimal or absent. CVP denotes central venous pressure, and Svo, mixed

ve frequencies of the main types of shock (Panel B),
m starts with the most common presentation

venous oxygen saturation.
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Figure 2. Sidestream Dark-Field Images of Sublingual
Microcirculation in a Healthy Volunteer and a Patient
with Septic Shock.

The microcirculation in the healthy volunteer is charac-
terized by dense capillries that are consistently perfused
(Panel A, arrows), whereas in the patient with septic
shock, the density of the capillaies is diminished, and
many of the capillaries have stopped or intermittent
flow (Panel B, arrows),
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