Vasoplegic Shock: A Summary of Current Standings

What is Vasoplegia?

Vasoplegic syndrome (VS), also known as vasodilatory shock (VDS), is a
well-documented adverse effect of cardiopulmonary bypass (CPB) surgery,
often occurring in parallel to systemic inflammatory response syndrome
(SIRS). In the early postoperative period following CPB circuit exposure,
patients will commonly present with a lack of vascular tone leading to in-
adequate tissue perfusion and the potential for organ failure. The hypoten-
sive event is coupled with a cardiac output that is within normal limits or
even elevated.! In its refractory form, this type of maldistributive shock can
manifest as a resistance to vasopressors, rendering treatment less straight-
forward. While multiple therapeutic avenues are currently in practice,
more focused research will aid in proper identification, treatment and
(most importantly) prevention of vasoplegia.

Vasoplegia has been appreciated in 5-44% of postoperative CPB pa-
tients.347 Retrospective hospital studies have found a correlation between
VS and increased hospital stay, extended ventilator dependence, blood
product usage and mortality in CPB patients.147 While certain traits within
this patient population have been pinpointed as indicative of increasing the
likelihood of vasoplegia development, such as the accumulation of co-
morbidities as well as mean arterial pressure (MAP) upon induction. The
occurrence of vasoplegia does not always behave in a predictable fashion.
The presenting parameters of vasoplegic shock are reported to correlate
with a MAP of less than 50-70 mmHg and a CVP of less than 5 mmHg, a
normal or elevated cardiac index (greater than or equal to 2.5 L/min/m?2),
a low peripheral resistance (800-1400mmHg) and persistent vasopressor
requirements.>® One of the most challenging aspects of this disorder is
identification. Since vasoplegic shock presents in a frustratingly nonspecif-
ic manner that can be attributed to a myriad of etiologies, ruling out alter-
native sources of hypotension is often the suggested route (via double
checking a radial artery reading or the correction of a hypovolemia, for ex-
ample).

The Link Between SIRS and VDS

Several factors are theorized to contribute to the cardiac patient’s risk of
developing vasoplegia. Immediately upon initiation of CPB, cardiac surgery
activates many inflammatory pathways with detrimental effects that prop-
agate long into the postoperative period. Complement, leukocyte, and con-
tact activation result in the release of cytokines, kallikrein, inducible NO
and other inflammatory mediators in a snowballing effect that depletes
vital molecules such as clotting proteins and ATP. ATP depletion in con-
junction with acidosis will disrupt the membrane gradient and render cal-
cium channel-regulated vasoactivity ineffective, even in the presence of
catecholamines. Duration of circuit exposure and reperfusion injury are
factors that can increase levels of circulating inflammatory mediators and
can therefore be categorized as contributors to vasoplegia risk.13
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When blood passes through the synthetic CPB circuit, plasma proteins adhere to the lumen of the
circuitry, causing the aggregation of proteins and subsequent molecular changes to occur. The
activation of inflammatory and vasoactive molecules such as reactive oxygen species (ROS), en-
dothelins, platelet activators, inducible NO, cytokines and prostaglandins leads to a massive sys-
temic insult that the body struggles to recover from because vital components such as vasopres-
sin, platelets and ATP have been depleted.

Where Has All the Vasopressin Gone?

The depletion of vasopressin can be exacerbated by historical angiotensin-converting enzyme
inhibitor (AChI) drugs used preoperatively to control essential hypertension (HTN). Blocking the
renin-angiotensin-aldosterone (RAA) pathway, coupled with a procedure that literally bypasses
the site of bradykinin metabolism (lungs) can result in loss of vasomotor tone.57 While not a con-
crete prognostic indicator, the reaction of MAP to bypass initiation, including the degree and du-
ration of a hypotensive change and its responsiveness to vasoactive drugs, can be utilized as a
clue to the extent of inflammatory response and whether endogenous vasopressor levels persist
at levels adequate enough to compensate.” Other factors such as induction duration, history of
congestive heart failure (CHF), previous surgeries, increased BMI and the use of bridge devices
exacerbate the risk.17 Interestingly, the case demographic with the lowest incidence of vasodila-
tory shock are aortic cases, perhaps due to the use of DHCA to maintain the patient during re-
pair.

Treatment

Once a hypovolemia has been ruled out or corrected, practitioners turn to pharmaceutical inter-
vention for vasoplegic shock. Instinctually, the first line treatment for this presentation would be
a vasoconstrictive agent. But what can be done when vasoplegia proves refractory to vasopres-
sors? Vasopressin supplementation, to replenish depleted hypophyseal stores, given prophylac-
tically preoperatively, or in adjunct to a catecholamine has been shown to decrease the required
dosage.346 Methylene blue, a direct NO binding competitor, has come into light as a valid option
for treating vasoplegia. Success has been reported in preoperative, intraoperative and single post
CPB doses; however it has not proved to be of use post onset of organ failure There is also the
known drawback of pulse oximetry interference to consider.131! Corticosteroids such as
methylprednisolone and dexamethasone have also been administered to mitigate inflammatory
mediators, reverse the vasodilatory shock state and as an adjunct to reduce the vasopressor dos-
age via adrenergic receptor upregulation. However the detrimental impact on wound healing is a
consideration. Several studies returned data that failed to support an improvement in mortality
with intraoperative administration of these steroids, however they were not specifically focused
on VDS and it appears more focused research is warranted.3 Two other studies supported corti-
costeroid prophylactic use with an observed decrease in hospital stay and decrease in time of
mechanical ventilatory dependence.! Exploratory therapies currently include vitamin C for anti-
inflammatory and microcirculatory reasoning, hydroxocobalamin (for a hypertensive effect), teli-
pressin (the longer-acting vasopressin analog) and angiotensin II (as encouragement for the nat-
ural release of vasopressin).3

Prophylaxis

In addition to pharmaceutical interventions (preoperative vasopressin treatment and ACE inhibi-
tor discontinuation, for example), other steps can be taken to reduce patient risk. For the perfu-
sionist, the measures taken to mitigate vasoplegia are the same steps taken to minimize the in-
flammatory response: short pump runs, judicious use of blood products, minimized circuits and
careful hemodynamic monitoring of the patient. It is theorized that an additional thirty minutes



of pump exposure time can increase a patient’s risk of developing VDS by 38%.* With the in-
creased popularity of MICS and off-pump CABG, hopefully fewer patients will be exposed to the
risk. Knowing the patient history and predicting how it will impact the pump run will help the
operating team to provide the best patient care. In our time, we are sure to see more research on
vasoplegic shock that will hopefully uncover more insight into how we can protect and treat pa-
tients. Because vasoplegic shock and septic shock share a similar presentation, most of this
knowledge is based upon publications for the latter. With the increase in prevalence of bypass
surgeries around the globe, we will hopefully see an increase in investigations dedicated specifi-
cally to this life-threatening event. In the meantime, let’s keep it short, keep it cold and maintain
the MAP!
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