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Abstract: Durable mechanical circulatory support (MCS) devices revolutionized the treatment options
for patients with end-stage heart failure (FHF). Implantation of durable mechanical support has become an
integral treatment modality in end-stage HF patients and it is associated with improved quality of life and
survival. There is no doubt that this needs an interdisciplinary and interprofessional approach of cardiac
surgeons, cardiologists, cardiac anesthesiologists, perfusionists, intensivists, psychologists, assist device
coordinators as well as physiotherapists and intensive care. Implantation of durable MCS is a challenging
procedure for the anesthesiologist due to the patient’s characteristics and comorbid diseases. It demands
comprehensive training, high vigilance and quick response during the acute hemodynamic changes
occurring during the surgery. Preoperative risk stratification is of major importance to guide perioperative
medical treatment strategies. Most of these patients have several comorbidities and multiple medications.
Therefore, to anticipate postoperative end-organ dysfunction such as cognitive dysfunction, pulmonary or
renal failure, an interdisciplinary approach is necessary to optimize patient’s prior surgery. Transthoracic and
transesophageal echocardiography (T'TE and TEE), both play an invaluable role in diagnosing the cause
and guiding the management in different unstable clinical situations. Especially prevention of postoperative
right HF with subsequent necessity of temporary MCS is important as it is associated with higher mortality.
The aim of this review is to provide an overview about the current concepts of perioperative management
for durable MCS. A multimodal standard operating procedure supports early recovery after surgery and
intensive care stay. Standardized perioperative care helps to ensure optimal medical treatment. This review

focusses on several major skills of perioperative management of these high-risk surgical patients.
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Introduction cardiac transplantation remains the gold standard of care for
these patients with excellent outcomes, it is severely limited
due to the availability of donor hearts.

Recently the European Association of Cardio-Thoracic

Heart failure (HF) has become one of the most frequently
cardiovascular diseases worldwide (1-3). Despite optimal

medical management, an increasing number of patients
progress to end-stage HF with poor quality of life, recurrent
hospitalizations and increased mortality (4-6). Even if
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Surgery (EACTS) Expert Consensus group published their
expert consensus statement on long-term (LT) mechanical
circulatory support (MCS) for patients with advanced

Ann Transl Med 2020;8(13):830 | http://dx.doi.org/10.21037/atm-20-2527


https://crossmark.crossref.org/dialog/?doi=10.21037/atm-20-2527

Page 2 of 12

HF (7). According to these recommendations LT-MCS
implantation is indicated in patients with New York Heart
Association (NYHA) functional class III b and IV and
an ejection fraction <25% and at least one of the criteria
inotropic support, temporary MCS support, peak oxygen
consumption VO, <12 mL/kg min. Several LEVELS
are defined by the Interagency Registry for Mechanical
Assisted Circulatory Support (INTERMACS) LEVEL 1-6
(7-9). LT-MCS at INTERMACS LEVEL 1 is associated
with poorer outcome then LEVELS 2-4 (8,10). In these
patients bridging with temporary MCS (i.e., VA ECMO,
Impella) is recommended (LEVEL B) (10,11). Patients who
are designated INTERMACS Level 3 and 4 may be best
served with a planned LT implantable continuous-flow left
ventricular (V) assist device (cf-LVAD). Current studies
confirmed improved quality of life and survival of nearly
80% at 1-year and 70% at 2-year from INTERMACS
registry data (12-14) (Table I).

Durable MCS classification

Durable MCS devices can be categorized depending by
the pump flow type (pulsatile or continuous), engineering
design (first, second, third generation), left, right or
biventricular support. First-generation MCS are large
pulsatile flow devices (15,16). Implantation of these
devices was associated with an increased risk of infections
and bleeding (15). During the last two decades technical
evolution started the era of continuous flow (CF) type
devices, the second and third generation MCS. The second-
generation devices employ contact-bearing design and
axial pattern of blood flow (HeartMate II) whereas third-
generation devices employ non-contact bearing design
(using magnetic levitation) with centrifugal blood flow
(12,17). Nowadays the most implanted third generation
devices are HeartWare Ventricular Assist Device (HVAD®)
and HeartMate 3. They consist of a centrifugal CF pump,
both are small and allow intrapericardial implantation with
minimal-invasive surgical technique (18).

The first randomized study of durable MCS was
published in 2001 (19). The REMATCH study
(“Randomized Evaluation of Mechanical Assistance for the
treatment of Congestive heart Failure”) was a cornerstone
in the era of durable MCS and showed improved life quality
and 48% risk reduction of death for patients compared to
patients with optimal medical therapy (19). In accordance
to these results the ROADMARP study, an observational
study in 200 ambulatory HF patients, confirmed improved
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life quality and functional status after Heartmate II
implantation compared to optimal medical treatment (20).

Several previous studies investigated comparison third-
generation versus second-generation devices with respect to
outcome and complications: HVAD® was approved 2012 by
the Food and Drug Administration (FDA). The ADVANCE
trial, revealed 86% of 1-year survival after implantation (21).
In addition, the ENDURANCE Trial compared HVAD®
and Heartmate II (13). The results showed noninferiority
after 2 years (55% versus 57%) with respect to survival
free of cerebral infarction or pump replacement for the
HVAD® compared to HeartMate I1. Despite a lower rate of
technical defects, HVAD® was associated with an increased
rate of cerebral infarction (13). The MOMENTUM 3 study
compared HeartMate 3 versus HeartMate II. HeartMate 3
was associated with a better 1- and 2-year survival of 84%
and 75% and no pump thrombosis (14). Recently, Schramm
et al. revealed comparable 1-year survival rate (75.5% versus
76.0%) for HVAD® and HeartMate 3 (22). In addition, the
rate for cerebrovascular incidents did not differ between
both systems.

For patients with severe biventricular failure, total
artificial heart (TAH) offers a final alternative for lomg-term
support. The first TAH Jarvik 7 was implanted successfully
by William de Vries 1986 (17,23,24). It consisted of two
pneumatic replacement pumps and transcutaneous air
power tubes and was connected to a computer-unit. On
the basis of this initial technology, CardioWest and now
SynCard TAH (SynCARDIA Systems, Inc. Houston,
TX, USA) has been developed and is currently the only
approved TAH (FDA approval since 2004) (25).

Despite technological improvements, bleeding,
thromboembolism, cerebral stroke and bleeding, pump
thrombosis, driveline infections and device failure still
remain important issues and affect the long-term outcome
of patients on durable MCS (17). It is recommended that
such devices should only be implanted and managed at
centers with a multidisciplinary team approach and trained
physicians and nursing staff (26).

Implication for preoperative risk stratification

A multidisciplinary team is an integral approach assessing
patient’s suitability for durable MCS which is summarized
in the consensus statement of EACTS on “long-term (LT)”
MCS 2019 (7). These consensus recommendations include
clear statements on indications and contraindications of L'T-
MCS. The EACTS expert consensus statement summarizes
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Profile Clinical situation Device 1-year survival

1 Cardiogenic shock, NYHA IV Temporary MCS 52.6%+5.6%
“Crash and burn”

2 Progressive decline, inotropic therapy, NYHA IV Temporary MCS 63.1%+3.1%
“Slinding on inotropes”

3 Stable, but inotropic-dependent, NYHA IV LT-MCS/LVAD 78.4%+2.5%
“dependent stability”

4 Resting symptoms, NYHA IV LT-MCS LVAD 78.7%+3.0%
“frequent flyer”

5 Exertion intolerant , NYHA IV LT-MCS/LVAD 93.0%+3.9%
“housebound”

6 Exertion limited, NYHA llI LVAD discussion n.a.
“walking wounded”

7 Advanced NYHA class Il LVAD discussion n.a.

“Placeholder”

Table 1 is adapted from Ponikowski P, Voors AA, Anker SD, et al. 2016 ESC Guidelines for the Diagnosis and Treatment of Acute and
Chronic Heart Failure. Rev Esp Cardiol (Engl Ed) 2016;69:1167 (5). MCS, mechanical circulatory support; LT, long-term; NYHA, New York

Heart Association; LVAD, left ventricular assist device.

important aspect of patient’s characteristics in the evaluation
for LI-MCS. This include comorbidities, frailty, renal and
hepatic dysfunction, the role of diabetes mellitus as well as
hemostatic deficiencies. Cognitive dysfunction, dementia,
active drug consumption, severe inflammation(bacterial/
fungal) as well as irreversible organ dysfunction (renal,
hepatic) are important contraindications in the EACTS
expert consensus statement (7). They recommend a full-
site patient evaluation and preoperative organ function
optimization. In this context, a multidisciplinary approach
with the cardiac surgeon, cardiologist, anesthesiologists as
well as intensivist is mandatory to improve outcome after

LT-MCS implantation.

Preoperative diagnostic tools
Cognitive and functional assessment

Anesthetic pre-assessment should include an evaluation of
fitness for durable MCS surgery/anesthesia, an appraisal of
existing comorbidities and identification for opportunities
to improve perioperative care. A cognitive and functional
assessment is available to define vulnerability and degree
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of frailty of these patients (27-29). It includes the clock
drawing test and or mini mental testing, hand grip strength,
Tinetti Test, Time up and go as well as 6 min walk. Patients
with end-stage HF are less able to sustain increased oxygen
consumption which is associated with cardiac surgery and
subsequent systemic inflammatory response. In addition,
age and frailty increase the vulnerability of these patients
(30-32). Therefore, a structured and safe pre-habilitation
program might increase aerobic capacity. Cardiac pre-
habilitation includes a multicomponent program (aerobic
exercise training, respiratory muscle training, weight
control, nutritional optimization, improvement of sleep
patterns, psychosocial assessment and education) and has
been demonstrated to reduce postoperative complications
(30-32). From the pathophysiological point of view pre-
rehabilitation aerobic exercise seems to have the favorable
effects, but it still remains to be determined in patients
undergoing durable MCS.

TTE and TEE

The 2015 American Society of Echocardiography (ASE)
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recommend both TTE and TEE to evaluate patients
pre- intra- and (33-35) preoperative echocardiographic
assessment with TTE/TEE provides valuable information
about following skills:

(I) the status of LV and right ventricular (RV) cardiac
systolic function [evaluation of the degree of RV
dysfunction/biventricular assist device (BIVAD)];

(II) the degree of pulmonary arterial hypertension
(PAH);

(III) the presence of valvulopathies:

(i) aortic regurgitation: risk of poor systemic
perfusion;

(i) aortic stenosis: prevention of LV ejection;

(iii) mitral stenosis prevents LV flow resulting in
poor LVADS flow;

(iv) tricuspid regurgitation (TR) is associated with
RV dysfunction.

(IV) intracardiac thrombus increased risk of systemic
embolism from thrombus LAA/LYV;

(V) the size of the left ventricle: difficult inflow cannula
placement;

(VI) persistent foramen ovale;

(VII) other congenital defects and pericardial effusion.

Prior durable MCS implantation, critical transthoracic
echocardiographic evaluation of the RV function is
obligatory due to the fact that postoperative RV failure
increases postoperative mortality (36). In these cases,
temporary RVAD support is necessary until RV function is
recompensated. Nowadays, there is neither a standardized
protocol nor consensus recommendations for the
preoperative medical optimization prior LVAD implantation
to prevent right HF. Most centers use their own protocols.
In addition, no controlled randomized studies are available
and outcome data are still lacking. The EACTS consensus
statement noticed that levosimendan administration prior
LVAD implantation might be indicated (7).

Pre and Post RV systolic function is the main concern.
Apart from eyeball RV function (good, moderate, poor)
there are several objective methods used such as fractional
area change (FAC) and Tricuspid Annular Plane Systolic
Excursion (TAPSE). FAC is 32-60% (RV FAC (%) = EDA
- EDS)/EDA; and a normal TAPSE value is >16 mm. A
higher right over LV end diastolic - area ratio (RVEDA/
LVEDA) was associated with increased 60-day mortality in
LVAD patients (0.7+0.09 versus 0.62+0.11, P<0.01) (37,38).
A recently published meta-analysis of 36 observational
studies including 4,428 patients after LVAD implantation,
found that the pooled LV diameter was smaller in patients
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who developed RHE, as opposed to the RV, which was
larger in patients with RV failure (39). In accordance to
these findings Otten and colleagues observed that a smaller
LV diameter was associated with a worse outcome (40).
Another important echocardiographic parameter is TR
which is associated with RV volume overload resulting in
RV dilatation (41). The incidence of moderate and severe
TR in patients with end-stage HF undergoing LVAD
implantation is relatively high, and is reported to be in
the range of 12-57% (42-44). There are different reports
regarding the clinical value of TR after LVAD implantation.
Milano et al. analyzed 382 patients who received LVADs
(HeartWare) (42). They found a significantly increased
risk of RHF or death up to 30 days after implantation in
patients with moderate or severe TR before implantation
[odds ratio (OR) 2.9 (1.8-4.8; P<0.0001)]. Goldraich er 4i.
reported a similar high incidence of severe TR of 70% in
patients with tricuspid annulus dilatation (>23mm/m ) (43).
Both, tricuspid annulus dilatation and severe TR were
independent predictors of RHF [OR 6.00 (1.36-26.37;
P<0.02) and OR 4.62 (0.88-24.18; P<0.07)]. In accordance
to these results recent reports from the INTERMACS
Registry of patients with LVAD demonstrated that
moderate and severe TR at the time of LVAD implantation
were associated with higher mortality (44). However, the
value of preoperative echocardiographic examination in
predicting RV HF in patients after the implantation of
LVAD remains to be still determined due to the lack of
randomized trials and different definitions of right HF.
Previous studies examined small and heterogenous patient
cohorts, most of them were analyzed retrospectively. In
addition, the indications for LVAD implantation, the type
of device implanted as well as the definition of RHF varied
among the centers (45).

Noninvasive tests to predict RH failure

There are several noninvasive tests to assess RV function (46).
Cardiac MRI is useful to quantify RV function and
morphology in PAH patients. The first-pass radionuclide
angiography with radiolabeled RBC is the gold standard for
calculating RV function. Gated blood pool SPECT can be
an alternative as it separates the cardiac chambers well and
provides accurate assessment of the RV function with high
reproducibility, which is particularly useful for monitoring
treatment. However, more research is needed to compare
and validate these modalities in evaluating RV function in a
perioperative setting (46).
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Assessment of renal function

The incidence of acute renal insufficiency (AKI) after
cardiac surgery is reported to be 22-36% (47). Severe AKI
requiring renal replacement therapy is associated with a
mortality of 50-80% (48). Preoperative renal assessment
should include clinical risk stratification and measurement
of serum creatinine concentration to estimate basal
glomerular filtration rate (GFR). Modifiable risk factors
should be optimized prior surgery (diabetes, hypertension,
nephrotoxic drugs). The major impact of renal dysfunction
on durable MCS outcomes warrants close collaboration with
a nephrologist in the evaluation of a reduced GFR in order to
optimize all reversible causes. Therapeutic drug monitoring
is mandatory to reduce pharmacological interactions and
negative side effects, especially in case of polypharmacy (48).

Preoperative fasting

Intake of clear fluids until 2 hours before surgery does not
increase gastric content, reduce gastric pH or increase
complication rates. In case of absence of delayed gastric
emptying, the intake of fluids two hours before induction of
anesthesia is recommended (49). Oral carbohydrate loading
reduces postoperative insulin resistance and improves
patients comfort (50).

Preanesthetic medication

Routine administration of benzodiazepines to decrease
preoperative anxiety should be avoided (49). Previous studies
showed that long-acting benzodiazepines are associated with
an increased time on the ventilator and delayed extubation
resulting in an increased rate of postoperative delirium (51).
In addition, Maurice-Szamburski and colleagues
demonstrated that self-reported experience after surgery
was not improved with the benzodiazepine lormetazepam as
premedication (52).

However, short-acting benzodiazepines can be used in
extremely anxious patients with caution (51). Alternatively,
Melatonin administered 1-2 hours before surgery reduces
preoperative anxiety (53). Non-pharmacological strategies
such as music interventions or relaxation techniques as well
as hypnosis might offer an alternative approach to reduce
preoperative anxiety (54).

Anesthesia induction and maintenance

In HF patient’s hemodynamics depend on high
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catecholamine levels in the circulation. Anesthetics can
block the sympathetic system and can cause blood pressure
lability resulting in hypotension and requiring vasopressors.
Due to the reduced ejection fraction, drugs are distributed
slower into the circulation resulting in delayed anesthetic
effects. The anesthesia induction is among the most
critical periods of durable MCS with an increased risk of
cardiovascular collapse. The principle concern is right
heart dysfunction due to several trigger factors such as
PAH, decreased sympathetic tone, reduced systemic venous
return and a depressed myocardium. In addition, beginning
of positive pressure ventilation after intubation can increase
right heart ventricular afterload. Several high-risk patients
require hemodynamic preoptimization with appropriate
vasoactive support prior induction to preserve systemic
vascular resistance, RV myocardial contractility as well as
avoidance of increase of pulmonary resistance.

The anesthetic management should focus on short
to middle-acting narcotics and opioids that permit early
spontaneous breathing and early extubation after surgery.
Agents such as etomidate, midazolam, ketamine are
mandatory for induction of anesthesia. Etomidate has
neither negative inotropic and chronotropic effect nor does
it cause myocardial depression. Midazolam induction was
found to maintain cardiovascular stability in end-stage HF
patients. Opioids are useful to prevent sympathetic response
to laryngoscope. Long-acting opioids should be avoided and
middle-short -acting opioids such as sufentanil with optimal
pharmacokinetic profile should be used in combination
with ketamine. Ketamine does not increase the pulmonary
vascular resistance in patients with severe pulmonary
hypertension and has bronchodilating effects. In contrast
propofol should be used with caution due to its negative
inotropic and chronotropic effects.

Induction of anesthesia requires high clinical vigilance
and slow administration of the agent of choice with
continuous evaluation of physiological responses. All
alterations require immediate treatment as they can be
detrimental for the patient. The major goal of induction of
anesthesia is to maintain hemodynamic stability. Surgeon
and perfusionist should be immediately available during
induction and should be prepared to urgently perform
sternotomy, cannulation and cardio-circulatory assistance.

Intraoperative TEE

An initial intraoperative TEE exam assesses the patient’s
cardiac status and pulmonary pressures at the time of
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the procedure and serves as a reference to intraoperative
and postoperative findings. Intraoperative TEE allows
a dynamic assessment after durable MCS implantation.
The following assessment is mandatory after LVAD
implantation:

() LV should be monitored with caution with respect
to an adequate filling (Prevention of suction event
with collapse of the LV cavity);

(II) LVAD inflow cannula should be placed ideally in a
central position in the LV cavity. No interference
to the mitral valve apparatus is mandatory;

(III) Laminar flow through mitral valve should be
mandatory into the LV and LVAD inflow cannula

(IV) Paradoxical septum shift should be excluded;

(V) adequate de-airing of LV is mandatory;

(VI) Recognition of early RV dysfunction: RV systolic
function, TR severity, and interventricular
septum position as well as systemic venous return
(distention of the right ventricle);

(VII) Aortic regurgitation should be excluded;

(VIII) postoperative complications such as tamponade/
hemothorax should be excluded.

Recognition of early RV failure

The definition of RV is defined as unplanned insertion
of an RVAD or the use of an intravenous inotrope for
longer than 14 days (55,56). Numerous studies have been
published regarding echocardiographic parameters and its
impact in predicting RV failure (42-45,55,56). Evaluation
of RV in the operating room (OR) includes: RV chamber
size, visual estimation of RV contractility, presence of
new or severe TR jet, TAPSE, Tricuspid annular systolic
velocity, interventricular septal position and contractility
in systole and diastole as well as pulmonary artery (PA)
systolic pressure by assessing TR jet peak velocity (doppler
echocardiography) adding it to central venous pressure.
Evaluation of the TV is essential as worsening TR may
indicate a dilated RV from RV failure, PAH or fluid
overload.

Pulmonary regurgitation (PR) is often seen in patients
with PAH along with PA dilatation. Color Flow Doppler
(CFD) imaging will detect a diastolic jet in the right
ventricular outflow tract (RVOT) and pathological PR
has a wider, holodiastolic jet. Regurgitation velocities
are measured by continuous wave Doppler (CWD) to
calculate mean pulmonary artery pressure (MPAP). Right
heart catheterization as gold standard for diagnosis of PA
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pressures is mandatory and confirm the level of the PAP.

In summary, these echocardiographic parameters play
an important role in the decision making process regarding
anesthesia induction and utilization of inotropic and
vasopressor support at the beginning of the case.

Intraoperative monitoring

Perioperative monitoring is to enable early detection of
changes in specific physiologic parameters. The progression
of these parameters might result in adverse consequences.
Basic cardiorespiratory and metabolic monitoring (ECG,
NIBP, invasive blood pressure monitoring, end-tidal
CO,, temperature) should be used in all patients. Pre-
induction invasive arterial pressure monitoring is obligatory
as hemodynamic instability can occur around anesthesia
induction. In case of veno-arterial (VA)-ECMO prior
durable MCS implantation, the right upper limb is the
preferred site for continuous SPO, monitoring.

Even if numerous studies have failed to demonstrate
any outcome benefit from PA catheter use in various
patient cohorts, PA catheterization facilitates continuous
monitoring of the dynamic changes in central-venous
pressure (CVP) and PA pressures as well as the monitoring
of treatment interventions (positive inotropes, inhalational
pulmonary vasodilator therapy with milrinone, iloprost and
NO) (57). More sophisticated PA catheters allow estimation
of RV end-diastolic and end-systolic volume together with
RV ejection fraction (58,59).

Neurological monitoring

In all patients undergoing durable MCS depth of anesthesia
should be measured. A recent Cochrane review of
randomized trials of non-ICU found BIS-guided depth of
anesthesia was associated with lower rates of postoperative
delirium (60). In accordance to these findings the European
Association of Anesthesiology recommends monitoring of
depths of anesthesia to reduce the incidence of postoperative
delirium (49). The use of near infrared spectroscopy
(NIRS) in cardiac surgery is quite common. However,
there is only low evidence linking NIRS-detected regional
cerebral oxygen desaturation during cardiac surgery with
neurological complications after surgery (61). There has
been no conclusive consensus between anesthesiologists
and perfusionists regarding appropriate criteria for the use
of cerebral oximetry (62). In patients undergoing LVAD
implantation higher rSO, values at baseline are associated
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with lower 30-day mortality with an odds ratio of 0.94
and 95% confidence interval (0.888, 0.995) for every 1%
increase of rSO, (63).

Intraoperative management of PAH and right
heart dysfunction

PAH is defined as a mean pulmonary arterial pressure
>25 mm, measured by right heart catheterization (64,65).
As chronic end-stage HF progresses, the left and right
ventricle adapt by enlarging their volumes. But firstly, the
right ventricle first compensates with remodelling of the
extracellular matrix and concentric hypertrophy. In case of
increased RV afterload due to PAH, the ventricle becomes
dilated with consecutive impaired function resulting in
RV failure and shock. Patients with severe PAH and RV
dysfunction are at high risk to collapse during induction of
anesthesia which is due to nearly all anesthetics (negative
inotropic effects), anesthesia-induced sympatholysis with
arterial and venous dilation. This results in systemic
hypotension, decreased RV preload and reduced coronary
artery perfusion pressure. The first sign is leftward shifting
of the septum in the TEE. Therefore, pre-emptive VA
ECMO might be indicated in patients with preexisting
severe PAH (66).

In addition, pre-existing PAH might aggravate in the
perioperative period due to several trigger factors that
should be avoided: These are hypoxia, hypercapnia, acidosis
and hypothermia, all known to increase pulmonary vascular
resistance (PVR) and to induce pulmonary vasoconstriction.
Lung protective ventilation with low inspiratory pressures
and low tidal volumes is mandatory and protects the right
ventricle.

Therapeutically implications

The major goals in the management and prevention of RV
dysfunction include pulmonary vasodilation, optimization
of the RV, systemic vasoconstriction and maintenance of
sinus rhythm.

Pulmonary vasodilation

Pulmonary vasodilation can be achieved using three
different therapeutical approaches: NO as direct inhibitor
of phosphodiesterase-type V (PDE-V) and activation
of soluble guanylate cyclase (sGC) resulting in smooth
muscle relaxation and PVR reduction. Despite a wide use
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of inhalational NO in durable MCS patients, there is still
limited evidence-based data available (lack of randomized
-controlled trials). Potapov er 4l. failed to demonstrate a
beneficial effect in LVAD patients with prophylactic 40
ppm NO application (67). However, in several patients
NO application has been demonstrated to be a potent
vasodilator improving RV contractility (68,69).

An alternative approach is the endogenous prostacyclin
pathway. Prostaglandin 12 increases intracellular cyclic
adenosine monophosphate. (cAMP) levels resulting in
vasodilatation and consecutive positive inotropic effects
in acute PH conditions (70). Inhaled PGI2 (epoprostenol)
results in selective pulmonary vasodilation and has been
studied in various patient collectives (71). Currently a
prospective randomized trial compares the effect of iNO
and iPGI2 in patients undergoing LVAD implantation, heart
and lung transplantation (NCT 030381052, ClinicalTrials.
gov).

Inhaled iloprost is a carbacyclin analog of PGI2 exerting
its vasodilatory effects of 60-90 minutes. Previous studies
reported superior effect compared to iNO and inhalational
sildenafil in cardiothoracic surgery (72,73). lloprost was
more effective in reducing RV afterload (74). In summary,
vasodilators should be administered via inhalation as
“selective pulmonary vasodilators”. The intravenous
application should be avoided due to an increased risk of
RV failure, systemic hypotension and shock.

Optimization of RV performance

Inotropes are classified in sympathomimetic agents
(epinephrine, dobutamine, norepinephrine),
phosphodiesterase-type III inhibitors (milrinone,
enoximone) and calcium sensitizers (levosimendan).
Prophylactic use of inotropes is not recommended.
Dobutamine is the standard inotropic agent in cardiac
surgery with Bl-adrenergic effects. Previous studies
suggested that in patients with low ejection fraction (<40%)
the effect of dobutamine might be reduced compared to
patients with normal contractility (75). That means, in
severe HF patients the p-receptor density was lower, nearly
50%. Infusion of dobutamine was associated with a reduced
contractility response in these patients (75). In contrast,
selective phosphodiesterase-type III inhibitors (enoximone,
milrinone) increase intracellular levels of cyclic adenosine
monophosphate and consecutively increase contractility.
This positive effect has to be regard with caution, as it is
often accompanied by vasodilating effects and systemic
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hypotension. As several patients already receive milrinone
preoperatively as long-term treatment INTERMAC II1I),
they have an increased risk of severe systemic hypotension
after anesthesia induction. Despite its beneficial inotropic
effects on cardiac contractility, it remains unclear whether
phosphodiesterase-type III inhibitor milrinone have a
beneficial or detrimental effect on mortality (76-78). For
enoximone there are still no data available.

The positive inotropic effect of levosimendan results from
increasing the sensitivity of cardiac troponin C to calcium
(called calcium sensitizer), and the opening of mitochondrial
KTP channels of smooth muscle cells. In contrast to all other
inotropic substances, myocardial oxygen consumption is not
increased with levosimendan. This is an important fact as
the early postoperative period is associated with an increased
oxygen consumption and systemic inflammatory response
syndrome. Therefore, preoperative administration of
levosimendan seems reasonable as preconditioning in patients
with pre-existent RV dysfunction. Due to its pharmacokinetic
profile, the maximal inotropic effect of levosimendan would
be mostly effective given one day before surgery (79). In a
patients with cardiogenic shock, the infusion of levosimendan
significantly improved RV contractility (80). In addition,
levosimendan has anti-inflammatory and renal protective
effects, which could be beneficial in these patients known to
have a proinflammatory status. However, there are limited
data available and its effect on mortality has to be still be
determined yet.

Systemic vasoconstriction

Systemic vasoconstriction results in increased coronary artery
perfusion. Adrenaline and noradrenaline are sympathomimetic
vasopressors causing systemic and pulmonary vasoconstriction
as well as RV contractility. Vasopressin is known to cause
systemic vasoconstriction via stimulating G-protein-coupled
V1 receptors of vascular myocytes (81). In humans, vasopressin
seems not to affect the pulmonary vascular tone. Therefore, in
patients with PH it seems the drug of primary choice treating
arterial hypotension (77-79). In patients with PH and RV
dysfunction systemic hypotension should be strictly avoided.
Noradrenalin and vasopressin are the primary choice to
prevent systemic hypotension in patients undergoing durable
MCS.

Conclusions

Durable MCS are implanted for a great variety of
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indications at different clinical situations. Management
of these patients requires professional education and
expertise as these patients are critically ill with various
comorbidities. Therefore, the anesthesiologist carrying
for these critically ill patients should be vigilant about the
pathophysiology of HF, the operative procedure and the
implanted devices. A preoperative assessment of all organ
functions is mandatory. Different treatment options and
anticipation of complications should be discussed in a
multidisciplinary team approach. RV failure is one of the
major complications and should be prevented whenever
possible. Further randomized trials are necessary to define
preoperative assessment tools and to integrate preemptive
pre-rehabilitation programs with respect to enhanced
recovery after cardiac surgery recommendations. This
might improve outcome of these critically ill patients.
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