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Introduction

Vasoplegic shock (VS) after left ventricular assist device (LVAD) implantation is characterized by high cardiac 
output; low systemic vascular resistance; and refractory hypotension, with the need for higher-dose vasopres-
sors. There is considerable heterogeneity in how VS is defined; as a result, its incidence can vary widely in 

published series and ranges from 10% to 45% after LVAD implantation.1-4

Current Limitations

Much of what the medical community understands about the pathophysiology of VS is derived from its under-
standing of distributive shock in sepsis and after cardiopulmonary bypass. The body’s normally adaptive response to 
preserve normotension by constricting blood vessels is dysregulated, which results in a maladaptive loss of vasomotor 
tone in resistance vessels and VS. Adverse outcomes (acute kidney injury) and mortality (5%-40%) are increased in 
VS after LVAD implantation.1,3,4 Prevention, early recognition, and a systematic approach to VS management may 
help mitigate its deleterious consequences. Longer duration of VS after LVAD implantation is associated with worse 
outcomes; therefore, early intervention may provide a therapeutic window of opportunity to improve outcomes.2

Patients at higher risk of developing VS include those with chronic kidney disease, previous cardiac surgery, and a 
higher acuity of presentation as well as those undergoing longer operations with prolonged cardiopulmonary bypass 
times and the need for multiple transfusions.1,4,5 Although there is some controversy regarding the role of angiotensin-
converting enzyme inhibitors and angiotensin II receptor blockers, general practice has been to discontinue those 
and other antihypertensive agents or goal-directed heart failure medical therapy before surgery.

During surgery, efforts to reduce cardiopulmonary bypass time and minimize transfusions are worthwhile. Com-
mon agents in the early perioperative period (milrinone and propofol) may exacerbate VS, and alternatives should 
be considered. It is also important to recognize that shock in LVAD recipients may be explained by hypovolemia, 
hemorrhage, right ventricular dysfunction, low cardiac output from inadequate pump speed, cardiac tamponade, or 
vasoplegia. These processes are dynamic and not mutually exclusive. As a result, astute clinicians should constantly 
reassesses patients with hypotension with these potential conditions in mind, using a combination of invasive he-
modynamic, echocardiographic, laboratory, and bedside clinical evaluation tools.6,7
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Recent Developments

The need for vasopressors to sustain an acceptable mean 
arterial pressure and the role of pharmacologic adjuncts 
in mitigating the inflammatory processes inciting VS 
are apparent. The rationale behind using multiple vaso-
pressors is that the physiologic response to maintaining 
blood pressure is conceptually a 3-legged stool8 that con-
sists of the sympathetic (norepinephrine), the vasopres-
sin, and the renin-angiotensin (angiotensin II) systems. 
The combination of norepinephrine and vasopressin is 
associated with improved mortality and less atrial fi-
brillation compared with norepinephrine monotherapy.9 
Vasopressin also has minimal effect on pulmonary vas-
cular resistance, whereas norepinephrine is associated 
with a small increase; in patients with severe right ven-
tricular dysfunction, vasopressin may be a better choice. 
Meanwhile, it has been demonstrated that angiotensin 
II can help patients achieve a higher mean arterial pres-
sure with less use of concurrent vasopressors.10 It is im-
portant to recognize that some patients do not respond 
to vasopressin or angiotensin II; consequently, the need 
to use alternative agents and strategies is critical. As a 
result, our current approach to vasopressor use consists 
of norepinephrine followed by vasopressin, then angio-
tensin II.11

In cases of refractory VS, patient-specific adjuncts, 
such as methylene blue and hydroxocobalamin, are 
used because of their effects on nitric oxide metabo-
lism; corticosteroids, thiamine, and vitamin C are used 
as anti-inflammatory interventions. A list of adjunctive 
approaches is given in Table I. The use of these agents 

should be individualized based on patient-specific needs 
and institutional experience.

Future Directions

Conceptually, there is increasing recognition that the 
current model’s focus on a stepwise escalation from each 
of these 3 vasopressors may need to be modified to an 
approach more similar to the current approach to sep-
sis—namely, initiate treatment with all 3 vasopressors 
simultaneously at a certain trigger point, wait for a sat-
isfactory blood pressure, and then deescalate based on 
clinical response. Upcoming clinical trials will aim to 
explore this and other options to help guide clinicians in 
caring for these high-risk patients. Increasingly person-
alized approaches, such as administering angiotensin II 
to patients with high plasma renin, who respond more 
favorably to this treatment than those with low plasma 
renin, may be used in the future.12 The development of 
point-of-care plasma renin assays may offer clinicians 
the ability to rapidly determine better and more appro-
priate therapies for patients.

Vasoplegic shock after LVAD implantation is a com-
mon perioperative problem. A systematic approach to 
management offers an opportunity to reduce adverse 
outcomes.

Abbreviations and Acronyms

LVAD	 left ventricular assist device
VS	 vasoplegic shock

TABLE I. Adjunctive Strategies Used in the Treatment of Vasoplegic Shock

Drug Mechanism and benefits Typical dosage Adverse effects and limitations

Methylene blue Inhibits guanylyl cyclase and nitric oxide 
synthase, suppresses nitric oxide–
mediated vasodilation

1-2 mg/kg bolus,  
1-2 mg/kg/h 
continuous infusion

Serotonin syndrome, methemoglobinemia, 
interference with oximetry measurements; 
avoid in patients with glucose-6-phosphate 
dehydrogenase deficiency

Hydroxocobalamin Direct nitric oxide scavenger, binds 
hydrogen sulfide, suppresses nitric 
oxide–mediated vasodilation

5 g IV bolus over  
15 min or 6 h

Chromaturia, intermittent dialysis false-blood 
leak alarm, interference with colorimetric 
assays

Thiamine Cofactor for pyruvate dehydrogenase to 
produce acetyl-CoA, facilitates lactate 
clearance

200 mg IV every  
12 h

Flushing, nausea, restlessness 

Ascorbic acid Cofactor for catecholamine synthesis, 
improves microcirculation

1500 mg IV every 
6 h

Oxalate nephropathy; avoid in patients 
with glucose-6-phosphate dehydrogenase 
deficiency 

IV, intravenous.
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