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Vasoplegia After Cardiopulmonary Bypass: Current Approaches

 Elvin Kesimci

Department of Anesthesiology and Reanimation, Başkent University Faculty of Medicine, Ankara, Türkiye

Vasoplegia is a kind of distributive form of circulatory shock. It is commonly observed intraoperatively during cardiopulmonary bypass (CPB), after 
weaning from CPB or in the first postoperative 24 h follow-up in the intensive care unit (ICU). As CPB is still a cornerstone in surgical management 
of cardiovascular diseases, the incidence of vasoplegia increases up to 40% in cardiac surgical patients. The recognized characteristics are reduced 
blood pressure with profound peripheral vasodilation despite a preserved cardiac output. The pathophysiology is complex and mainly triggered 
by the systemic inflammatory response caused by CPB and surgical trauma. Early identification and prompt management of vasoplegia is crucial 
to prevent development of organ failure and longer hospital and ICU stay with increased morbidity and mortality. In this review, the risk factors, 
pathophysiology and current management approaches of vasoplegia after CPB are discussed.
Keywords: Cardiopulmonary bypass, management, pathophysiology, vasoplegia.

ABSTRACT

Introduction
Cardiovascular diseases are one of the leading causes 
of death in the world.[1] Despite the improvements in 
interventional surgical techniques in cardiac procedures, 
open cardiac surgery is still the cornerstone in the 
treatment algorithm. A relatively common complication of 
this procedure is vasoplegia, with an estimated incidence 
of 5%–47%, depending on the predisposing factors in the 
population being investigated.[2] It is a distributive form of 
circulatory shock characterized by low systemic vascular 
resistance (<800 dynes·s/cm⁵) in the presence of normal 
or high cardiac index (>2.2 l/min/m²) with hypotension 
(MAP: mean arterial pressure <65 mmHg) resistant to fluid 
challenge and/or vasopressor treatment.[3]

Vasoplegic shock, indeed, can occur in any condition in 
which there is a profound inflammatory response that 
is unresponsive to vasopressors. Apart from CPB, it is 
common in ICU with sepsis, burns and trauma. Anyway, 
it is associated with organ failure, increased bleeding, 
length of intensive care unit (ICU) and hospital stay.[4] Thus, 
mortality following vasoplegia remains as high as 30%–
50%, mainly due to inadequate cellular oxygen utilization 
and multiorgan failure, especially acute kidney injury.[5]

Pathophysiology and Potential Risk Factors
Vasoplegia after cardiopulmonary bypass is most likely 
related to an immunological-based response triggered by 
proinflammatory mediators release, complement activation 
secondary to surgical trauma, ischemia–reperfusion injury 
of heart and lungs, blood transfusion, and/or exposure of 
blood to the foreign surfaces of the CPB circuit. Actually, CPB-
induced immunological response causes release of IL-1, IL-6 
and TNF. By ischemic-reperfusion injury of heart and lungs, 
there is an endotoxin release and complement activation. 
All of these result in dysregulation of cytoplasmic Ca++ 
influx, leading to vasodilation. Besides, immunological 
response triggers increase in free O₂ radicals, endothelins, 
platelet-activating factor, thromboxane A₂, cytokines, 
prostaglandins, iNOS and NO. Vasopressin deficiency due 
to depletion of neurohypophyseal vasopressin stores 
and systemic inflammatory reaction commonly observed 
with congestive heart failure, low ejection fraction, and 
prolonged CPB altogether result in refractory vasoplegia.[6]

There is a myriad of biochemical interactions resulting in 
derangements in receptor signaling, metabolic changes, 
the depletion of endogenous vasoactive hormones, and the 
alteration of the endothelial glycocalyx.[7,8] These processes 
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result in increased oxygen‐free radicals, endothelins, NO, 
platelet‐activating factors, thromboxane A₂, prostaglandins, 
a variety of cytokines, and other vasoactive substances.[9–11] 
The relative plasma concentrations of the above‐mentioned 
substances determine vascular relaxation. In addition, these 
factors are also involved in the development of a systemic 
inflammatory response syndrome (SIRS), that further 
exaggerates the generalized vascular dilatation. Further 
mechanisms of vasodilation include the lowering of plasma 
vasopressin, the desensitization of adrenergic receptors, and 
the activation of ATP-dependent potassium (KATP) channels.[4]

The main clinical characteristics, pathophysiological 
mechanisms and outcomes are summarized in the table 
below (Table 1).

Patients at higher risk of developing vasoplegia include 
those who are male, older with increased body mass index 
(BMI), anemia, chronic kidney disease, hepatic dysfunction 
and thyroid disease. Besides, previous cardiac surgery, 
recent myocardial infarction, high perioperative EuroSCORE 
also increase the tendency to develop vasoplegia. Those 
undergoing longer and combined (coronary artery and 
valve) operations with prolonged aortic cross-clamp 
and cardiopulmonary bypass times (>180 minutes) and 
the need for multiple transfusions present with a higher 
incidence of vasoplegia.[12–15] Although there is some 
controversy regarding the role of angiotensin-converting 
enzyme inhibitors and angiotensin 2 receptor blockers, 
general practice has been to discontinue those and other 
antihypertensive agents or goal-directed heart failure 
medical therapy before surgery.[16] It is also important to 
recognize that in LVAD recipients and redo operations, 
hypovolemia, hemorrhage, right ventricular dysfunction, 
and low cardiac output trigger hypotension resistant to 
vasoactive substances.[13,17–21]

Current Management Strategies

Peri-operative Prevention
Early recognition of the problem and timely management 
are crucial for vasoplegia treatment. For this reason, 
preoperative risk stratification might help to improve 
perioperative hemodynamic status and renal function to 
reduce the risk of postoperative vasoplegia.[15]

It has been suggested that strategies such as the use 
of minimal extracorporeal circulation (MECC) and 
biocompatible, heparin-coated short circuits might 
limit inflammation by reducing the exposure to foreign 
surfaces.[19] Although several trials reported a reduction 
in inflammation, the overall clinical benefits are limited, 
and adequately powered randomized controlled trials are 
warranted to address their effectiveness.[4]

Volume Resuscitation
The main goal of resuscitation is to meet the tissue 
metabolic needs by ensuring adequate tissue perfusion 
and oxygen delivery. This is achieved by the maintenance 
of sufficient cardiac output and perfusion pressure.[20] The 
sufficiency of perfusion should be demonstrated either 
by the mottling score and the capillary refill time, and/
or biologically by the value of arterial blood lactate and 
the venous-to-arterial difference in the partial pressure of 
carbon dioxide (VA-pCO₂ gap).[21,22]

Beyond an initial fluid loading of 20–30 mL/kg, additional 
fluids should be administered cautiously with guidance 
from dynamic indices, such as pulse pressure variation 
and echographic indices of stroke volume variation.[23,24] 
The “mini fluid challenge” (administration of 100–150 
mL crystalloid fluid over 60–120 s) technique is another 
method for accurate fluid overload evaluation.[24]

With respect to patient blood management, current guidelines 
recommend a transfusion threshold of 7.5 g/dL in stable 
patients without evidence of tissue hypoxia.[25,26] It is clear 
that anemia can reduce systemic vascular resistance, both 
by reducing blood viscosity and decreasing Hb-dependent 
inhibition of NO, which could contribute to aggravating 
hypotension in these patients. Therefore, higher transfusion 
thresholds, like Hb ≥9 g/dL, are suggested in this setting.[4]

Vasoactive Drugs
A mean arterial pressure (MAP) of 65–70 mmHg is 
considered sufficient, as higher values have not been 
associated with improved survival.[27–29] Although it has 
long been considered that vasopressors should be initiated 
following adequate volume resuscitation, according to the 
guidelines, it is now recommended to start vasoactive 
drugs together with volume resuscitation, as this strategy 
has been associated with reduced short-term mortality 
in sepsis-associated vasoplegia.[30] Besides, multiple 
vasopressors are also started rapidly, as the physiologic 
response to maintaining blood pressure is proven to consist 
of the sympathetic (norepinephrine), the vasopressin, 
and the renin-angiotensin (angiotensin 2) systems.[27] The 
combined therapy with norepinephrine and vasopressin 
is associated with improved mortality and less atrial 
fibrillation compared with norepinephrine alone.[31–33]

Norepinephrine
Norepinephrine (NE) targets the vascular α-1 adrenoreceptor 
to increase intracellular Ca++ and promote vascular smooth 
muscle contraction. NE remains the first-line vasopressor 
agent and is thus still considered the standard of care, 
though no mortality benefit from its use in post-CPB 
vasoplegia has been demonstrated.[31–33] However, NE may 
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trigger important side effects such as tachycardia, atrial 
fibrillation, increased myocardial oxygen consumption, and 
hyperlactatemia due to its beta-adrenergic actions. Even 
epinephrine and dopamine cause these side effects more 
commonly; thus, they are not preferred or recommended 
in the therapy of vasoplegia.[31,32]

There is currently no recommendation with respect 
to the threshold dose of NE (0.1–0.7 µg/kg/min) 
before vasopressin start, as higher doses may result in 
immunosuppression, predisposing to secondary infections 
and side effects. Therefore, a non-catecholaminergic 
vasopressor (vasopressin) should be added early if MAP 
cannot be rapidly restored with NE.

Vasopressin
Vasopressin (VP) provides vasoconstriction via vascular V1-
receptor-dependent increase in cytosolic Ca++, modulation 
of NO signaling, and improvement of catecholamine 
sensitivity. Argenziano et al.[34] reported a significant 
increase in MAP in vasoplegic hypotensive LVAD surgery 

patients who received VP (0.1 U/min) after treatment with 
NE, in comparison to saline placebo. This was attributed to 
the reduced circulating levels of VP reported in patients 
with vasoplegia after CPB, so that the therapeutic use of 
exogenous VP was recommended.

Additionally, in other studies, the authors reported that the 
systemic vasopressor effect of VP didn’t influence pulmonary 
vascular resistance and didn’t increase right ventricular 
afterload while increasing right ventricular perfusion pressure.
[34] A large randomized, controlled trial (VANCS trial), including 
300 patients with VS after cardiac surgery, directly compared 
NE (10–60 µg/min) with VP (0.01–0.06 U/min) as first-line 
vasopressor to maintain a MAP of 65 mmHg.[35] Patients in the 
VP arm had a significant reduction (32% vs. 49%, p=0.0014) 
of the primary outcome (a composite of 30-day mortality or 
severe complications), mostly due to a marked reduction in 
acute renal failure (10% vs. 36%, p<0.0001).

In addition, VP was associated with a lower incidence 
of atrial fibrillation (64% vs. 82%, p=0.0004), and did 
not result in a greater occurrence of digital, mesenteric, 

Table 1. Vasoplegia after cardiopulmonary bypass-main characteristics

Definition Distributive form of circulatory Shock ≤ 24 h after CPB Initiation, characterized by:
  1. MAP <65 mmHg resistant to fluid challenge
  2. SVR <800 dynes s/cm5

  3. CI>2.2 L/min/m2

Predisposing factors
 Patient-related factors Advanced age; anemia, low LVEF, renal failure
 Pre-/peri-operative drugs Diüretics, sympatho-adrenergic inotropes, ACEI (controversial)
 Operative factors CPB/aortic cross clamping time, redo surgery, combined surgery, LVAD surgery, HTx
Pathophysiology Systemic Inflammatory response triggered by;
  1. Exposure of blood to the artificial surfaces of the extra-corporeal circuit
  2. Surgical trauma
  3. Ischemia/reperfusion injury
Initiating events 4. Oxidative stress
  5. Release of endotoxin from the gut
  6. Hemolysis
  7. Reinfusion of cell saver blood
Mechanisms of pathological vasodilation 1. Desensitization of adrenergic receptors
  2. Increased NO biosynthesis
  3. Low plasma vasopressin
  4. VSMC hyperpolarization due to opening of KATP channels
  5. RAS dysfunction with low Ang2(?)
  6. Excess H2S generation (?)
  7. Endothelial glycocalyx alteration (?) 
Outcome 1. More frequent postoperative bleeding
  2. Increased incidence of organ dysfunction, renal, liver, respiratory failure
  3. Prolonged mechanical ventilation and length of ICU/hospital stay
  4. Higher mortality

CPB: Cardiopulmonary bypass; MAP: Mean arterial pressure, SVR: Systemic vascular resistance; CI: Confindence interval; LVEF: Left ventricular ejection fraction; ACEI: Angiotensin 
converting enzyme inhibitor; LVAD: Left ventricular assist device; HTx: Heart transplantation; NO: Nitric oxide; VSMC: Vascular smooth muscle cell; KATP: ATP-dependent potassium; 
RAS: Renin angiotensin system; ICU: Intensive care unit.
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or myocardial ischemia. Based on these data, and on 
meta-analyses confirming a reduced incidence of AF 
and possible decreased incidence of acute kidney injury 
with VP,[36,37] Guarracino et al.[38] proposed to start or add 
VP to increase MAP in case of adverse effects related to 
sympathoadrenergic drugs and to use VP as a first-line 
vasopressor therapy. Regarding the dose of VP, doses higher 
than 0.06 U/min are recommended to be avoided due to 
dose-dependent increased risk of ischemic complications.

Angiotensin 2
The possibility of a disturbed renin-angiotensin system 
leading to reduced Ang2 generation in vasoplegia after 
CPB suggests that exogenous Ang2 might be a therapeutic 
option in this setting. Several case reports and small case 
series reported safe and successful administration of Ang2.[39]

The ATHOS-3 trial evaluated the effectiveness of Ang2 (20–
200 ng/kg/min) in refractory vasodilatory shock from various 
origins (primarily septic shock) unresponsive to high doses of 
vasopressors.[40] The pre-defined hemodynamic target was 
reached significantly more often with Ang2 than placebo.
[41] However, current evidence remains insufficient to make 
any recommendation, implying the need for additional RCTs 
evaluating Ang2 in cardiac surgery patients.[38–42]

Methylene Blue
Methylene blue (MB) is a thiazine dye used as an antidote 
to treat methemoglobinemia.[43] Owing to several 
pharmacological actions, MB increases vascular tone. It 
acts by inhibiting NO-dependent vasodilation via either 
direct scavenging of NO, inhibition of NO synthase, or most 
significantly, inhibition of guanylyl cyclase. However, data 
on clinical outcomes with MB remain scarce and contrasted.

The results of randomized controlled trials are conflicting 
regarding hemodynamic status, in-hospital mortality, 
and postoperative complications.[44] Therefore, given 
the lack of high-quality data, uncertainties regarding 
clinical outcomes, the potential for severe side effects, 
and unresolved issues regarding the timing (pre-, peri-, or 
postoperatively), dose, and mode of administration (bolus 
vs. infusion), the use of MB to treat VS after CPB is presently 
not recommended, except as a rescue therapy in cases with 
hypotension refractory to usual vasopressors.[38]

Hydroxocobalamin
Hydroxocobalamin (vitamin B12), which is used for the 
therapy of pernicious anemia and in cyanide poisoning, has 
been evaluated for the treatment of refractory vasoplegia 
after CPB. It may increase vascular tone, including inhibition 
of NOS enzymes, direct NO inactivation, and reduction in 
H₂S toxicity through direct binding.[45,46]

A 5 g dose of hydroxocobalamin is administered by IV 
infusion over 15 min to increase MAP and reduce the doses 
of vasopressors. Hydroxocobalamin appears generally 
associated with hemodynamic improvement and decreased 
vasopressor requirements in the setting of VS after cardiac 
surgery, as reviewed recently by Shapeton et al.[46]

However, safety and mortality data are lacking, and both 
the timing (pre- or postoperative) and mode (bolus vs. 
continuous infusion) of administration remain to be 
established. Therefore, the use of hydroxocobalamin should 
only be considered as a rescue strategy in deteriorating 
patients refractory to usual vasopressors.

Vitamin C
Vitamin C (ascorbic acid) is a co-factor for several 
enzymes involved in the biosynthesis of endogenous 
catecholamines, and it also increases the sensitivity of 
adrenoreceptors.[47] It is also a free radical scavenger and 
might therefore reduce oxidant-mediated tissue injury, 
inflammation, and endothelial dysfunction.

An important reduction in plasma Vitamin C occurs 
following CPB, suggesting a potential therapeutic role 
from exogenous supplementation.[48] However, the data 
are both conflicting and are provided from either case 
reports or small series of cardiac surgery patients.[49] 
Therefore, it cannot yet be recommended in the treatment 
of vasoplegia.

Anti-Inflammatory Strategies

Corticosteroids
Corticosteroids may be a preferred option due to their 
anti-inflammatory effects and their ability to enhance 
the synthesis of catecholamines and the expression and 
sensitivity of adrenoreceptors.[50–53]

In cardiac surgery, two large trials (SIRS trial—7507 patients, 
and DECS trial—4494 patients) evaluated the effects of high-
dose corticosteroids (intraoperative methylprednisolone 
or dexamethasone) on mortality and major complications. 
These studies did not report any significant effects of the 
interventions.[54] However, none of the studies specifically 
addressed the role of low-dose steroids in established VS 
after cardiac surgery.
Therefore, although low-dose steroids appear safe and 
may be associated with some beneficial effects, there is 
no evidence supporting their use to specifically treat CPB-
induced vasoplegia.

Extracorporeal Cytokine Adsorption Therapy
Extracorporeal cytokine adsorption therapy (ECAT) is 
a technique of extracorporeal blood purification using 
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specifically designed filters capable of adsorbing and removing 
inflammatory mediators from circulation. This strategy has 
been applied to decrease inflammation in sepsis.[55]

In the field of cardiac surgery, the largest RCT to date was 
published by Diab et al.,[56] who compared ECAT using the 
CytoSorb® cytokine filter integrated into the CPB circuit 
(n=142 patients) with standard care (n=146 patients). 
Although patients in the intervention arm displayed 
significantly lower levels of IL-1β and IL-18 at the end of CPB, 
they did not differ from controls in terms of postoperative 
change from baseline in sequential organ failure assessment 
scores with respect to the use of vasopressors.

In a systematic review including 5 RCTs (n=163 patients) 
evaluating ECAT in cardiac surgery, Goetz et al.[57] reported 
no significant benefits from the technique in terms of 
mortality and postoperative complications. As a whole, 
these data indicate that the efficacy and safety of ECAT 
remain unestablished. Therefore, its application in cardiac 
surgical patients cannot currently be recommended.

Conclusion
The aim of the management of vasoplegia is to restore 
organ perfusion pressure and adequate oxygen delivery 
by ensuring appropriate preload and by the administration 
of vasoactive drugs to maintain a MAP of 65 mmHg. The 
present evidence indicates that conventional vasopressors 
are recommended as first-line therapy. In this respect, 
norepinephrine is generally considered the standard of care.

Vasopressin should be added to norepinephrine in case 
of adverse effects (tachycardia, atrial fibrillation) related 
to excessive sympathetic stimulation or could be used as 
the initial vasopressor, as supported by the recent VANCS 
clinical trial.[13] Non-conventional vasopressors, including 
methylene blue, angiotensin 2, and hydroxocobalamin, have 
been increasingly used in refractory cases, but evidence is 
not sufficient to make any recommendations. Low doses of 
hydrocortisone may be associated with vasopressors in order 
to potentiate their effects, due to their demonstrated role in 
shortening the duration of vasoplegia in sepsis. However, 
vitamin C and cytokine adsorption filters should not be used 
due to a lack of theoretical advantages. Thus, management 
strategies should focus on early recognition of the problem 
and awareness of the current treatment options.
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