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CHAPTER 1

General introduction and thesis outline



Introduction

Heart failure is a clinical syndrome that affects approximately 1-2% of the adult population
in developed countries.! The syndrome is characterized by the inability of the heart to
supply blood in quantities commensurate to the organs needs. It results in typical
symptoms and signs of heart failure including breathlessness, reduced exercise tolerance,
fatigue, ankle edema and orthopnea. The severity of heart failure symptoms is described
according to the New York Heart Association (NYHA) functional classification, ranging from
class | (no symptoms and no limitations in ordinary physical exercise) to class IV
(symptoms at rest). The natural course of heart failure is unpredictable and different for
each patient, but in general the disease progresses over time. The ACC/AHA stages of
heart failure comprehensively classify this with stage A indicating patients at high risk for
heart failure but without structural heart disease or symptoms of heart failure; stage B
indicating patients with structural heart disease without symptoms or signs; stage C
indicating patients with structural heart disease with prior or current symptoms of heart
failure; and stage D indicating patients with refractory heart failure requiring specialized
interventions.?

Coronary artery disease is the most common cause of heart failure, but the etiology can
be diverse.» 3 Other causes are: diseases primarily affecting myocardial tissue (including
toxic, immune-mediated, genetic), abnormal loading conditions (including hypertension,
valvular and myocardial structural defects, volume overload) and arrhythmias (tachy- and
bradyarrhythmia).

The therapeutic options for patients with symptomatic heart failure substantially
increased over the last years. Lifestyle changes, such as reducing water and salt intake,
can help ease the workload of the heart.! Medical management, the mainstay of heart
failure treatment, provides the recovery path leading to reverse remodeling in patients
with heart failure and a reduced ejection fraction. For these patients, the traditional
backbone of medical treatment consists of diuretics combined with an angiotensin
converting enzyme (ACE) inhibitor or angiotensin Il receptor antagonist and a beta-
blocker. Over the last decade, the medical options were extended with mineralocorticoid
receptor antagonists and ivabradine. More recently, angiotensin receptor neprilysin
inhibitors and inhibitors of the sodium-glucose co-transporter 2 were added.! If a patient,
despite these novel and effective medical treatment options, remains symptomatic,
invasive therapy can be of substantial value.
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Invasive treatment for (advanced) heart failure

When optimal medical therapy provides insufficient relief and the disease has progressed
to ACC/AHA stage C or D, invasive therapy can be considered. Theoretically, the
therapeutic options are wide, but the underlying pathology mainly guides the choice of
treatment.” > 4 In patients with significant coronary artery disease, revascularization
(either percutaneous or surgical) can be of added value.! In patients with a reduced left
ventricular function and significant left ventricle desynchrony, cardiac resynchronization
therapy improves symptoms and reduces morbidity and mortality.? Further, in patients
with severe valvular disease, alleviation of valve insufficiency or valve stenosis (either
percutaneous or surgical) can reduce symptoms and enhance cardiac function and
prognosis.! For patients with arrhythmias, ablation can be considered.! If (the chance of
developing) ventricular arrhythmias persist, an implantable cardioverter defibrillator
improves survival. Furthermore, in patients with a large myocardial scar and an
unfavorable left ventricular geometry, surgical left ventricular restoration can be
considered. Since in the majority of patients a combined approach is warranted to
substantially improve clinical status and prognosis, the multidisciplinary cardiothoracic
team discusses the different treatment options. If the above described “conventional”
treatment options provide insufficient relief, cardiac transplant or long-term mechanical
support should be considered.! As an introduction to this thesis, a detailed description of
the distinct surgical treatment options is provided below.

Surgical revascularization of ischemic territories: coronary artery bypass grafting
Coronary artery disease is the most frequent cause of heart failure. Myocardial
revascularization in heart failure patients is recommended when angina persists despite
anti-angina drugs.! In addition, it should be considered in patients with heart failure and a
reduced ejection fraction and significant coronary artery disease (left main stenosis,
proximal left anterior descending or multi-vessel disease), where patients with more than
10% dysfunctional but viable left ventricle myocardium seem to have most benefit. If a
percutaneous approach is unfeasible or is associated with a substantial risk of peri-
procedural complications, a surgical approach is preferred. Furthermore, if cardiac surgery
is performed for another indication (such as mitral valve insufficiency), concomitant
revascularization of significantly stenosed proximal coronary arteries is advised.*

Functional mitral valve insufficiency and restrictive mitral annuloplasty

Left ventricular dysfunction or dilation (either with an ischemic or non-ischemic origin) can
result in functional mitral regurgitation due to downward and outward displacement of
papillary muscles.® This causes tethering of one or both mitral valve leaflets by traction on
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the native chords, resulting in systolic restriction and mal-coaptation of the mitral valve
leaflets. This in turn, results in functional mitral regurgitation, characterized as Carpentier
Type lllb. When the mitral regurgitation progresses to severe, surgical restrictive mitral
annuloplasty should be considered as a treatment option, especially when accompanied
by significant coronary artery disease for which revascularization is indicated. This surgical
technique consists of implantation of a complete semi-rigid annuloplasty ring that is sized
in order to reduce the annular perimeter and reduce the anteroposterior diameter of the
mitral valve.> To this end, the ring is sized according to the surface of the anterior mitral
valve leaflet. Subsequently, a ring that is 2 ring-sizes smaller than the one that would fit
the anterior mitral valve leaflet, will be implanted. In this manner, the anteroposterior
diameter is reduced and sufficient coaptation for the restricted mitral valve is obtained.
Whether or not the restrictive mitral annuloplasty is indicated, is also depending on the
end-diastolic diameter of the left ventricle. When the left ventricle is severely dilated,
then the chance of durable reduction or abolishment of functional mitral regurgitation is
questionable and the chance of reverse remodeling of the diseased ventricle is slim. The
indication for mitral valve replacement in these patients is still a matter of debate in
current literature.> © In patients who are ineligible for mitral valve surgery, due to high
surgical risk, then transcatheter Edge to Edge Repair (TEER), using for instance MitraClip or
Pascal device could be a valid option,® but only when the component of functional mitral
regurgitation is severe and the left ventricle not too dilated.”

Surgical left ventricular restoration, reshaping the left ventricle

Myocardial infarction leads to scar formation. This can lead to aneurysm formation,
especially after a large anterior wall myocardial infarction. Aneurysm formation is
characterized by progressive dilation and thinning of the infarcted area of the ventricular
wall and adversely affects contractility of the remote myocardium by increasing wall
tension. Over time, the left ventricle dilates and the left ventricle loses its geometrically
ideal oval shape and becomes more spherical in shape. The loss of contractile
myocardium, the depressed function of the remote myocardium and the paradoxical
bulging of the scar tissue in systole, may result in severely decreased cardiac output.
When a patient has progressed to advanced stages of heart failure, surgical left ventricular
restoration could be considered. Over the years, several surgical techniques have been
developed to restore shape and function of the infarcted and aneurysmatic left ventricle.?
The most frequently used procedure has been described by Vincent Dor et al.® After
cardioplegic arrest, the infarcted area is incised. When the endocardial border-zone of the
infarcted area is identified, a Fontan stitch is placed at this border-zone, marking the
transition to healthy myocardium. Subsequently, a mannequin, inflated to the volume of
55-60mls/m?2 BSA, is inserted in the remaining left ventricular cavity and the Fontan stitch
is tied around the mannequin. The remaining apical defect is closed using a Dacron patch,
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herewith excluding the aneurysmatic part of the left ventricle. This reshapes the still
functional part of the left ventricle to its ideal oval shape, thereby restoring left ventricular
ejection fraction and improving forward flow. Several studies have compared the clinical
outcome after surgical left ventricular restoration with concomitant surgical
revascularization with coronary artery bypass surgery alone. These studies demonstrated
a significant improvement in clinical symptoms and left ventricular systolic function that
improves survival and symptoms.® 1 In contrast, the results of a large multicenter
randomized controlled STICH trial failed to demonstrate a significant improvement in
survival after surgical ventricular restoration.!* However, the results of this study are
debated in literature, because many of the included patients did not have a significant
apical aneurysm to start with.'? Although the numbers of patients have plummeted after
publication of this study, we still encounter patients that benefit from this procedure.
Patient selection seems to play an important role in the outcome after surgery. Patients
should have enough viable myocardium to generate cardiac output (mainly reflected by
the validated Wall Motion Score Index). Furthermore, preoperative right ventricular
systolic dysfunction'® and a postoperative end-systolic volume index greater than 70
mL/m(2)* are associated with unfavorable outcome.

Non-ischemic dilated cardiomyopathy, implantation of CorCap cardiac support device

In patients with idiopathic or non-ischemic cardiomyopathy, the left ventricle is globally
dilated and in many of these patients, also the right ventricle is involved. The combination
of left sided or biventricular dilation may result in functional mitral and tricuspid
regurgitation for which there may be an indication for surgical intervention when patient
enters the more advanced stages of heart failure. While in surgical left ventricular
restoration, a ventricular component is added to the treatment strategy to prevent further
left ventricular dilation and induce cardiac reverse remodeling, for idiopathic
cardiomyopathy, this is not a valid option. Therefore, from 2008-2012 the Corcap cardiac
support device ((Acorn CV, St Paul, Minnesota, USA) was implanted in these patients. The
Corcap consists of a polyester mesh that was tailored around the heart in order to support
the ventricle during diastole, thereby preventing further ventricular dilation and induce
remodeling.’> Despite encouraging results by our own group, penetrance in the
cardiosurgical community was low and due this underusage, in 2008 the FDA disapproved
further device trials due to the disappointing clinical outcomes of the support device with
regard to NYHA functional class, survival and severe adhesions and fibrosis.*®
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Heart transplantation and left ventricular assist device implantation

When the patients’ condition further deteriorates despite optimal medical treatment and
cardiac resynchronization therapy and, after careful consideration of the heart failure
team, catheter intervention and surgical options have been exhausted, then the question
rises whether or not the patients could be amenable for cardiac replacement therapy.
Although mechanical circulatory support has developed in the past decades to a
reasonable alternative to cardiac transplantation, to date, heart transplantation is still the
gold standard in the combat of end-stage chronic heart failure.! However, donor shortage
is still the Achilles heel of this treatment modality and a significant proportion of patients
perishes while awaiting cardiac transplantation. A substantial portion of these patients
receive a left ventricular assist device while waiting for cardiac transplantation as a so-
called bridge to transplant (LVAD-BTT). Many of the patients receiving an LVAD as a bridge
to transplant, will never reach their heart transplantation and effectively these LVAD's are
implanted as permanent long-term solution. Heart transplantation is, and will be, for the
happy few.

A much larger group of patients with end-stage chronic heart failure is not amenable for
cardiac transplantation due to comorbid conditions.? In 2010, our departments of
Cardiothoracic surgery and Cardiology launched a LVAD program for patients with
advanced heart failure that are not amenable for cardiac transplantation, so called
Destination Therapy (LVAD-DT). The Leiden University Medical Center was the first center
with a LVAD destination program in the Netherlands and one of the first in Europe. Haeck
et al demonstrated that LVAD destination therapy is a promising treatment for patients
with end-stage heart failure and meanwhile, LVAD-DT has been deemed refundable care
by the Dutch healthcare system.'” This year our department will implant the 100t LVAD as
destination therapy.

Impact of heart failure surgery on post-operative course

Although the benefits of surgical intervention for heart failure are well established, 3 *
surgical procedures in this fragile patient population are not without risks. Even with a
specialized team of heart failure cardiologists, heart failure surgeons, cardiac
anesthesiologists and a dedicated intensive care team, the postoperative course of these
patients is not frequently uneventful. Postoperative complications like bleeding,
infections, renal failure, and especially, low cardiac output, are far less well tolerated in
this vulnerable patient population. Remarkably, it seems that these patients are more
susceptible to the combination of surgical trauma and the use of extracorporeal
circulation than non-heart failure patients. With the use of cardiac inotropes and careful
monitoring, the intensivists manage to maintain cardiac output well above a cardiac index
which, in normal physiological conditions, should be sufficient to maintain an adequate
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perfusion pressure. However, in a significant number of patients, we observe a profound
hypotension after surgery that responds poorly to the administration of exogenous
catecholamines. In previous research by our group,'® we demonstrate that heart failure
patients respond differently to the combination of surgical trauma and exposure to
extracorporeal circulation when compared to non-heart failure patients. While Kortekaas
and co-workers demonstrated that cardiac ischemia and reperfusion injury cannot be
accounted for these marked differences, we hypothesize that the reactivity of the vascular
system, or at least the resistance arterioles responsible for maintenance of vascular tone,
may be altered in heart failure patients. The result is therapy-resistant systemic
hypotension which jeopardizes end-organ perfusion. This condition is known as
vasoplegia.

Vasoplegia

Definitions of vasoplegic syndrome, shock and systemic inflammatory response
Vasoplegia, also known as vasoplegic syndrome, is a form of distributive shock.'® Shock is a
life-threatening condition of acute circulatory failure. It can be categorized in four groups:
cardiogenic, hypovolemic, distributive and obstructive (see Table 1). However, in many
patients the shock type is multifactorial.

Table 1. Different shock types.

Shock types Causes MAP co SVR

Cardiogenic Heart failure J J 0
Myocardial infarction
Arrhythmia

Hypovolemic Hemorrhagic J J 0
Non-hemorrhagic (eg, diarrhea)

Distributive Septic d N J
Anaphylaxis
Neurogenic
Systemic inflammatory response syndrome

Obstructive Tamponade J J 0
Pneumothorax
Pulmonary embolism

MAP: mean aterial pressure; CO: cardiac output; SVR: systemic vascular resistance.
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Systemic inflammatory response syndrome (SIRS) is an inflammatory response induced by
trigger which can either be infectious or non-infectious. In the case of postoperative
vasoplegia, surgery is the trigger of SIRS. Vasoplegia is characterized by the combination of
low systemic vascular resistance, and a normal or high cardiac output. The prolonged
hypotension and the associated decrease in organ perfusion caused by vasoplegia, lead to
increased morbidity and mortality.?> 2! The most common cause of vasoplegia is sepsis,
but it is also seen after major non-cardiac surgery, burns, multiple trauma and
pancreatitis.?? The used definition for vasoplegia after cardiac surgery varies widely
between studies.’> Commonly used parameters are systemic vascular resistance, mean
arterial pressure, cardiac index and vasopressor use, but the used combination and cut-off
points of these parameters differ. Table 2 provides an overview of the used definitions for
vasoplegia in studies on vasoplegia after heart failure surgery.

Epidemiology and risk factors

The incidence of vasoplegia after cardiac surgery ranges from 5 to 54%.2* 2> On pump
cardiac surgery?® and a reduced left ventricular ejection fraction?” 28 are related to an
increased risk on vasoplegia. Dayan et al. conducted a meta-analysis for the risk factors for
vasoplegia after cardiac surgery on cardiopulmonary bypass.?®* They excluded studies on
congenital and heart transplant patients and small studies (less than 10 patients in either
group). They were able to include 30.035 patients from 10 different studies, of whom
1524 develop postoperative vasoplegia. They identified preoperative renal failure as risk
factor. Patients undergoing isolated coronary artery bypass grafting had a lower risk on
post-operative vasoplegia, whereas previous cardiac surgery and combined procedures
were associated with an increased risk. Furthermore, higher use of red blood cells, longer
aortic cross-clamp and cardiopulmonary bypass time increased the risk on vasoplegia.

The epidemiology of vasoplegia after cardiac surgery in heart failure patients is only
studied in patients undergoing heart transplantation or left ventricular assist device
implantation (see Table 3). In this population the incidence of vasoplegia ranges from 11-
54%.20: 25 2934 The risk factors for vasoplegia after heart failure surgery differ between
studies. This is caused by the variation in used definition for vasoplegia and study
population. Higher preoperative creatinine levels,?> 3040 higher weight?® 2> 2° and longer
cardiopulmonary bypass times?® 313234 were found to be associated with an increased risk
on vasoplegia in several studies. The results on the effect of the use of a ventricular assist
device pre-transplant were inconclusive? 2% 31,
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The pathophysiology of vasoplegia is thought to be multifactorial and depends on
both patient and surgical/procedural characteristics.'® Vasoplegia after on-pump
cardiac surgery is the result of inactivation of vasoconstriction and activation of
vasodilation as shown in the mechanism proposed by Busse et al (see Figure 1).1°
Vasoconstriction occurs when vascular smooth muscle cells contract. This
contraction is induced after binding of a ligand (e.g. norepinephrine, antidiuretic
hormone, angiotensin Il) to their receptor on the vascular smooth muscle cell. This
induces an influx of calcium in the cytosol and leads eventually to phosphorylation
of myosin, which causes contraction of the vascular smooth muscle cell.
Vasodilatation occurs when vasodilators (e.g. nitric oxide) increase cyclic guanosine
monophosphate (cGMP) concentrations in the vascular smooth muscle cell, which
leads to dephosphorylation of myosin light chain. As shown in Figure 1,
inflammatory mediators released during cardiopulmonary influence these
pathways, leading to vasodilation.

The pathophysiological mechanism behind the increased risk of vasoplegia after
heart failure surgery is currently unknown. We hypothesize that the fragile balance
of vasoconstrictor and vasodilatory abilities of the vascular system in heart failure
patients could be easily disturbed, making them more prone to develop vasoplegia.
Several mechanisms that are characteristic for heart failure patients could
contribute to this risk. For example, the levels of norepinephrine, antidiuretic
hormone and angiotensin Il are already elevated in heart failure patients before
surgery.3®> The systemic inflammatory response reaction initiated by the
cardiopulmonary bypass and the surgical trauma, could further deplete the stocks,
leading to inactivation of these vasoconstriction pathways.'®3® Furthermore, the
chronic endogenous adrenergic stimulation in heart failure patients seems to result
in downregulation and/or desensitization of vascular al-adrenoreceptors which
alternates the responsiveness of the vascular system to vasoconstrictors.?” In
addition, the medication that is used to support heart failure patients (e.g.
angiotensin-converting enzyme (ACE) inhibitors, beta-blockers, angiotensin
receptor blockers, diuretics) influence the hemodynamics and the ability of the
vascular system to respond to alterations (see Table 4).
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Figure 1. Pathophysiology of vasoplegia after on-pump cardiac surgery.
Inflammatory mediators released during cardiopulmonary, e.g. interleukin 1 (IL-1),
interleukin 6 (IL-6) and tumor necrosis factor alpha (TNFa) can lead to: 1)
downregulation of alpha-1 adrenergic receptor (al) and angiotensin type-1
receptor (AT1); 2) increase of vasoconstrictive mediators with subsequent
depletion; 3) activation of inducible nitric oxide synthase (iNOS) which leads to
production of nitric oxide (NO). Nitric oxide increases cyclic guanosine
monophosphate (cGMP) and activation of ATP-sensitive potassium channels
(KATP), leading to inhibition of vasoconstriction. Depletion of norepinephrine (NE),
antiduretic hormone (ADH) and angiotensin Il (ATII) results in decreased activation
of the alpha-1 adrenergic receptor, vasopressin-1 receptor (V1) and angiotensin
type-1 receptor. Source: Busse et al.®

Vasodilation
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Table 4. Drugs commonly used in heart failure patients and their effects

Drugs

Mechanism

Hemodynamic effects

Beta-blockers

Receptor antagonists that block
B1 (selective)

B1 and B2 (non-selective)
adrenoceptors, thereby
preventing binding of
(nor)epinephrine.

Cardiac effects: decrease
contractility, relaxation state,
heart rate and conduction
velocity.

Vascular effects: mild
vasoconstriction.

Angiotensin-converting enzyme
inhibitors

Inhibition of the renin—
angiotensin-aldosterone system
(RAAS) by inhibiting the
formation angiotensin Il from
angiotensin |.

Vasodilation, which reduces the
pre- and afterload.

Promote diuresis and
natriuresis.

Downregulates sympathetic
adrenergic activity.

Angiotensin receptor blockers

Receptor antagonists that block
type 1 angiotensin |l receptors
on bloods vessels and other
tissues (e.g. heart, kidney)
thereby preventing angiotensin
Il from binding.

Sometimes used in combination
with a neprilysin inhibitor
(prevents the breakdown of
natriuretic peptides).

Vasodilation, which reduces the
pre- and afterload.
Downregulates sympathetic
adrenergic activity.

Promote diuresis and
natriuresis.

Diuretics Loop diuretics Inhibit the sodium-potassium- Promote diuresis and
chloride cotransporter in the natriuresis. Thereby decreasing
thick ascending limb of the the preload, ventricular stroke
glomerulus. volume, cardiac ouput en blood
Thiazides Inhibit the sodium-chloride pressure.
transporter in the distal tubule
of the glomerulus.
Potassium- E.g. aldosterone receptor
sparing antagonists: inhibit the
diuretics aldosterone receptor at the
distal tubule of the glomerulus.
Treatment

Treatment strategies of vasoplegia are focused on fluid resuscitation and activation
of the
(norepinephrine, epinephrine, phenylephrine, dopamine), the arginine-vasopressin

of vasoconstriction by stimulation sympathetic nervous system
system (vasopressin), and the renin-angiotensin-aldosterone system (angiotensin
I1). Other options aim at the inhibition of vasodilatation by influencing the nitric
oxide pathway and inflammation (methylene blue, hydroxocobalamin, vitamin C,
thiamine and corticosteroids).!® Norepinephrine is considered the first-line agent
for treatment of vasoplegia.® Second-line agents include other catecholamines or

vasopressin.’® If the first- and second-line agents fail to improve hemodynamics,
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one of the other options may be considered, but further research to validate these
protocols is necessary.

Outcome

Vasoplegia is associated with and increased risk on morbidity and mortality in the
early post-operative period after heart transplantation and left ventricular assist
device implantation (see Table 3). Vasoplegic patients were intubated longer?®-31. 34
and received more frequently extracorporeal membrane oxygenation,? ?°
reoperation for bleeding?® 2> 3! and resternotomy33. Furthermore, respiratory
failure®? and major bleeding®* were more often seen in vasoplegic patients.
Vasoplegia seemed not to effect the rate of left ventricular assist device?® and right
ventricular assist device?® 33 implantation, pneumonia, 2> 3% gastrointestinal
bleed,3> 33 pump thrombosis3* 33 and stroke?® 3% 33 in the early post-operative
period. Results on the occurrence of mediastinitis,?® 33 right ventricular failure,3>3*
IABP use,?® 2° dialysis,?> 33 and open chest treatment?> 2% 33 were inconclusive.
Vasoplegic patients were admitted longer to the intensive care unit?® 22313334 gnd
the total hospital stay was prolonged as well.?*34 Most studies showed a higher 30-
day mortality rate in vasoplegic patients 2> 2% 3233 and a higher hospital mortality?.
However, two studies did not find a difference in 30-day mortality.3% 3*

The studies in patients undergoing heart transplantation and left ventricular assist
device implantation were inconclusive on the effect of vasoplegia on 1 year
mortality rates. Three studies did not find a difference between vasoplegic and non
vasoplegic patients,332 whereas two research groups found a higher 1-year
mortality rate in vasoplegic patients3® 34 After a mean follow-up of 4 years, a
higher all-cause mortality was found in vasoplegic patients.3* Asleh et al. showed
that vasoplegic patients had a lower eGFR after 1 year, but the results on renal
replacement therapy were inconclusive.3® 3! Vasoplegia had no effect on the risk of
rejection,3 3134 treated infection,3% 3 34 non-fatal major adverse cardiac events,3!
cardiac allograft vasculopathy,®® liver cirrhosis®® and allograft left ventricular
ejection fraction3*. The outcomes after heart failure surgery, other than heart
transplantation and left ventricular assist device implantation, are currently
unknown.
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Aim and outline of this thesis

The aim of this thesis is to gain more knowledge on the incidence and risk factors of
vasoplegia after heart failure surgery and the consequence this complication has on
the affected patients. Furthermore, we intended to unravel the mechanisms
responsible for the increased risk on vasoplegia in this patient population. In
chapter 2 the incidence, early survival and predictors of vasoplegia in patients
undergoing surgical left ventricular restoration, CorCap implantation or left
ventricular assist device implantation was assessed. Furthermore, a risk model is
proposed to assess the risk on post-operative vasoplegia pre-operatively. Chapter 3
focuses on incidence, early survival and predictors of vasoplegia in heart failure
patients undergoing restrictive mitral annuloplasty for functional mitral
regurgitation. Furthermore, it evaluates the effect of ischemic versus non-ischemic
etiology on vasoplegia. In chapter 4 the effect of vasoplegia on survival, cardiac
function, and renal function was assessed 2 years after surgical left ventricular
restoration. In chapter 5, the rationale and design of a prospective observational
study on the vasoresponsiveness in heart failure patients (the VASOR study) is
described. The aim of this study is to objectify and characterize the altered
vasoresponsiveness in patients undergoing heart failure surgery perioperatively
and to identify the etiological factors involved. The results of the in vivo vascular
response test of this study are discussed in chapter 6. Finally, in chapter 7, a
summary of the findings of this thesis is presented and directions for future
research are proposed.
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