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Postoperative Right Ventricular Failure in Cardiac Surgery
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Abstract

Two cases of patients that developed right ventricular failure (RVF)
after cardiac valve surgery are presented with a narrative revision of
the literature. RVF involves a great challenge due to the severity of
this condition; it has a low incidence among non-congenital cardiac
surgery patients, is more likely associated with cardiovascular and
pulmonary complications related to cardiopulmonary bypass (CPB),
and is a cause of acute graft failure and of a higher early mortality in
cardiac transplant. The morphologic and hemodynamic characteris-
tics of the right ventricle and some specific factors that breed pulmo-
nary hypertension after cardiac surgery are in favor of the onset of
RVF. Due to the possibility of complications after cardiac valve repair
or replacement, measures as appropriate hemodynamic monitoring,
to manage oxygenation, ventilation, sedation, acid base equilibrium
and perfusion goals are a requirement, as well as a normal circulating
volume, and the prevention of a disproportionate rise in the afterload,
to preserve the free wall of the right ventricle (RV) and the septum’s
contribution to the right ventricular global function and geometry. If
there is no response to these basic measures, the use of advanced ther-
apy with inotropics, intravenous or inhaled pulmonary vasodilation
agents is recommended; the use of mechanical ventricular assistance
stands as a last resource.
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Introduction

Severe right ventricular failure (RVF) has a low incidence
among non-congenital cardiac surgery patients [1, 2]. When
RVF takes place, it represents a significant clinical challenge at
cardiovascular intensive care unit settings because of the high
prevalence of morbidity and mortality [3]. There is little litera-
ture available on RVF in the context of cardiac surgery; pul-
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monary hypertension (PH) on the other hand is a well-studied
phenomenon, but it is possible that the mortality associated
with PH may be due to poor adaptation of the right ventricle to
the pulmonary vasculature [4]. RVF is a serious complication
that may occur whether the surgery is done on the left or right
cardiac cavities [5].

The definition of right ventricular dysfunction after car-
diac surgery varies from author to author, although it is always
related to unfavorable outcomes. In a retrospective series of
patients with ischemic cardiomyopathy that underwent coro-
nary revascularization, a right ventricle fractional area change
(RVFAC) of less than 35% was associated to longer days at
intensive care units, more days of mechanical ventilation and
a reduced hospital survival rate [6]. Pinzani et al found that in
mitral or mitral-aortic repair or replacement, RVF, defined by
clinical criteria, was a strong predictor of mortality, and only
28% of patients survived after 75 months of follow-up [2]. De-
naut et al, in a series of 800 patients that underwent a cardio-
pulmonary bypass, found that the dynamic obstruction of the
outflow tract in the right ventricle (RV) was associated with
higher hemodynamic instability and difficulty in the discon-
nection from cardiopulmonary bypass (CPB) [1]. Hosenpud et
al, while analyzing patients that underwent a heart transplant,
reported that 20% of all early deaths were due to RVF [7].

Several factors may rouse an acute RVF after cardiac sur-
gery. A multivariable logistic regression analysis of congenital
cardiac disease surgery in adults showed that the preoperative
dysfunction of the RV, supraventricular tachycardia, and a CPB
time > 150 min were the related determinants for RVF [5].

Cardiac transplant and left ventricular mechanical assis-
tance are relevant clinical scenarios where RVF may be com-
mon. RVF after the implantation of a left ventricular assistance
device (LVAD) occurs in around 11% of cases and has a high
mortality rate [8]. Ochiai et al described that the need for ino-
tropic support, female gender and non-ischemic etiology are
variables associated with the need for right ventricle assistance
device (RVAD) in patients with LVAD [9], Kormos et al em-
phasized that clinical factors such as fever, pulmonary edema
and transfusions during surgery predict the need for right me-
chanical support better than the measurement of the right ven-
tricular function before implantation [10].

In patients with cardiac transplant, the dysfunction of the
RV is considered as an almost always-present syndrome, and
RVF is one of the causes of this acute and severe dysfunction
of the graft with clinical outcomes that are discouraging [11].
In a publication on the perioperative perspective of the RV in
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Figure 1. Physiopathology of right ventricular failure. FRV: function right ventricle; PVR: pulmonary vascular resistance. Taken

and adapted from [16].

cardiac surgery, the author states that a vascular pulmonary
resistance prior to the transplant > 6 Woods Units and a mean
transpulmonary gradient (TPG) > 15 mm Hg are associated
with a higher incidence of RVF and perioperative mortality
[12].

The conceptual variability and the poor clinical outcomes
turn RVF in postoperative cardiac surgery to a partially re-
solved clinical problem. This publication presents two clinical
cases and an updated clinical narrative revision based on the
systematic strategy of medical literature research.

Case analysis 1

A 53-year-old male patient with a history of mitral valve re-
placement by a mechanical prosthesis due to infectious endo-
carditis visited his physician due to cardiac failure and fever
symptoms, blood culture isolated Escherichia coli. Patient
developed cardiogenic shock and required orotracheal intuba-
tion. The trans esophageal echocardiogram showed a parapros-
thetic leak, dilation of the right cavities, tricuspid insufficiency
and severe PH (PSAP 109 mm Hg) with preserved systolic bi-
ventricular function. On the fourth day of antibiotic treatment,
there was a replacement of the mitral prosthesis and an annu-
loplasty of the tricuspid valve. The immediate postoperative
period showed a suprasystemic rise in the arterial pulmonary
pressure refractory to inodilators such as milrinone and levo-
simendan. Inhaled nitric oxide (INO) was administered with
a transitory decrease in pulmonary pressure. The echocardi-
ography control showed a higher growth of the right cavities

with severe compromise of the contractibility of the RV. Treat-
ment with digoxin and sildenafil was initiated without clinical
response. The patient developed a multi-organic failure after
which he died.

Case analysis 2

The patient was a 72-year-old male with a diagnosis of severe
mitral valve insufficiency and moderate tricuspid insufficien-
cy with a history of hypertensive cardiopathy, cor pulmonale
and severe PH. He was scheduled for mitral valve replace-
ment, tricuspid plasty and Maze surgery. After the anesthetic
induction, the pulmonary pressures increased dramatically
with hemodynamic instability and only the mitral valve re-
placement could be accomplished. The aortic clamp time was
47 min and the time of extracorporeal circulation was 69 min.
To remove the pump, vasoactive and mechanical assistance
with an intra-aortic balloon pump was necessary. The PH
turned suprasystemic, required INO, inodilators, and silde-
nafil to achieve control of the PH and to be able to remove
mechanical ventilation. After removing mechanical ventila-
tion, the patient started a new pulmonary hypertension crisis
requiring mechanical ventilation and pulmonary vasodilation
therapy; the echocardiography control showed a detriment to
the systolic function of the RV with severe dilation. At fifth
day of treatment, the patient experienced significant signs of
improvement, the removal of advanced support was achieved
again after 15 days under clinical care and the patient left the
hospital alive.
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Figure 2. Physiopathology of the right ventricle after surgery. Taken and adapted from [17].

Physiopathology of Right Cardiac Failure: Tra-
ditional Approach

The physiopathology of right cardiac failure traditionally has
had a hemodynamic focus based on the characteristics of the
RV, regardless of the triggering factor.

The RV obeys the Frank-Starling law; compared to the
left ventricle (LV), it has a thin wall with high distensibility
and drains to an arterial system of low pressure and less re-
sistance [13]; with any abnormality in the preload, afterload
or contractibility, a rapid dysfunction of the RV is produced
[13, 14]. A noticeable increase of the preload enlarges the free
wall, changing the morphology of the RV and displacing the
interventricular septum, the contracting capacity is affected
and due to the ventricular interdependency, it decreases the LV
distensibility [14, 15].

The impedance of the pulmonary valve, the pulmonary
vascular resistance, and the function of the left heart determine
the afterload of the RV. Chronic increase of the afterload al-
lows for compensatory changes to take place, nonetheless an
acute increase is not well tolerated [14, 15]; sudden elevation
of pulmonary vascular resistance (PVR) leads to a rapid dilata-
tion of the RV with an increase in the cardiac workload and
contractile dysfunction [14, 15].

RVF decreases cardiac output, starting a vicious cycle
where low cardiac output decreases coronary perfusion and
RV function [16] (Fig. 1).
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Physiopathological Model of Acute Right Ven-
tricular Insufficiency in Cardiac Surgery

The specific physiopathology process of RVF after cardiac
surgery is more complex than the traditional model. Several
mechanisms have been attributed to RVF development, but
according to the patient’s conditions, more than one mecha-
nism may concur; among these mechanisms, PH primarily
associated with CPB, preexisting PH, and ventricular interde-
pendency are between the most relevant, above all the latter
[17] (Fig. 2).

Pulmonary vasoconstriction and acute increase in pul-
monary resistance after removing the CPB may be due to in-
flammatory mediators that cause endothelial damage or due
to ischemic and reperfusion mechanisms owing to inadequate
blood flow through the bronchial arteries [17]. There is a lack
of equilibrium between the vasodilation and vasoconstrictor
substances with a reduction of nitric oxide and prostacyclin
and an increase of the thromboxane A2 and endothelin [18].
There are specific factors related to cardiac surgery that may
cause PH and disturb the hemodynamic determinants of the
RV, for example, administration of heparin and/or protamine,
pulmonary microembolism phenomena, ischemia of the RV,
metabolic acidosis, hypercapnia, hypothermia, hydric over-
load, poor myocardial protection, extended extracorporeal cir-
culation (ECC) time, obstruction of vascular grafts, and loss of
auricular-ventricular synchrony [13] (Fig. 3).
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Figure 3. Features based in the Frank-Starling law related with acute right ventricular failure at post-cardiac surgery. Figure taken

and adapted from [13].

Surgery without ECC in myocardial revascularization has
been suggested as a protection factor of the right ventricular
function, but a clinical trial with 50 patients failed to show
the benefits on the right ventricular global function in a pe-
riod of 3 months [19]. The administration of protamine may
generate PH, the severity of the clinical status is not related to
the dosage, and three reactions have been described: transitory
systematic hypotension, anaphylactoid reaction, and severe
PH with circulatory shock with low incidence of catastrophic
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cases (1.8%) [17]. Prostacyclin has been used with satisfactory
outcomes, for the treatment of patients with RVF and prota-
mine facilitated PH [20].

Acute PH and RVF due to ischemia and myocardial de-
pression after CPB are temporary and generally do not cause
a hemodynamic collapse, except in patients with previous PH
[17]. Some causes of PH in cardiac surgery are: dysfunction of
the LV, mitral valve disease [21], and the mismatch between
the prosthetic and the patient; particularly this last one has
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Figure 4. Management algorithm proposed in patients with postoperative right ventricular dysfunction.

been associated with a higher postoperative mortality rate [22].
In patients subjected to pulmonary thromboendarerectomy,
age and the perioperative deterioration of the preexisting PH
are known factors that impact hospital mortality [23].

Studies suggest that functional state of the interventricu-
lar septum is the most important determinant of the maximum
right ventricular function [24]. During non-appropriate eleva-
tion of the afterload, almost half of the global function of the
RV depends on the interventricular septum [17]. Contraction
force of the LV is the primary determinant of the septum con-
tribution to the global function of the RV, even more so than
coronary perfusion [24]. Therefore, when the RV function is
lost, recovering and maintaining the contribution of the inter-
ventricular septum could be important [25].

Ventricular interdependency has a determinant etiologi-
cal role in LAVD-related RFV, due to the acute displacement
of the septum that produces the emptying of the LF with me-
chanical assistance [17]. The loss of the septum contribution
to the contraction of the RV modifies the contractility and the
geometry of the RV, produces tricuspid regurgitation and may
cause acute dysfunction [17]. These patients may benefit from
a preoperative optimization of the RV function or even planned
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biventricular assistance [26].
Diagnosis

RVF after cardiac surgery may be defined as a clinical syn-
drome unleashed by the inability of the RV to supply blood
to pulmonary circulation after the removal of the CPB or af-
ter cardiac surgery [17]. Three specific clinical scenarios have
been described: 1) RVF associated with cardiotomy [17],
distinguished by hemodynamic instability, difficulty of CPB
removal and a long mechanical support requirement, with an
incidence varying from 0.04% to 0.1% with mortality rates as
high as 75% [22]; 2) low cardiac output syndrome due to bi-
ventricular insufficiency predominantly on right side (LCOS)
[17], is a more frequent clinical scenario with a reported in-
cidence from 3% to 45%, characterized by signs of low cost,
rarely presented due to isolated RVF, and for the majority of
times, it is associated with LV dysfunction and a high mortal-
ity [3]; and 3) lastly, a lesser degree of RV dysfunction, which
lacks clinical repercussion and does not lead to RVF, and is
present in almost all patients subjected to CPB [17].
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Monitoring and diagnosis strategies for the objective
evaluation of the RV have limitations in critical patients, but
pulmonary artery catheter and echocardiogram continue to be
the strategies with the highest benefits [13]. Echocardiogra-
phy is the less invasive method available, and allows physi-
cians to estimate the function and the size of the RV since it
is very difficult to measure the ejection fraction of the RV, and
global function contractibility indexes of the RV. The most
used methods are tricuspid annulus plane systolic excursion
(TAPSE), Tei index or global myocardial behavior index, max-
imum speed of the tricuspid ring during systole through tissue
Doppler, subjective evaluation of the RV dilation, and the frac-
tion change as an equivalent parameter of the ejection fraction
[17]. The American Society of Echocardiography recommends
the routine use of at least one of the specific echocardiographic
parameters to evaluate the RV function [27]. TAPSE method
reflects the displacement of the tricuspid ring towards the apex
as a measure of the longitudinal shortening of the RV; it is a
simple and robust measure that may be performed and corre-
lates well with the right ventricular ejection fraction estimated
by a pulmonary arterial catheter [28].

The pulmonary arterial catheter provides relevant infor-
mation with respect to hemodynamic parameters, even though
it might be questioned in some scenarios. In the specific sce-
nario of cardiothoracic surgery, its use overpowers the risks
[17]. The isolated RVF diagnosis is recognized hemodynami-
cally by elevated pressure in the right auricle (PRA), with a
normal or low wedge pressure that indicates poor filling of the
left auricle [17].

The final diagnosis is an addition of all the criteria [12]: 1)
clinical criteria: difficulty in the removal of the CPB or LOCS
after surgery that is not explained by the LV function or hypo-
volemia; 2) hemodynamic criteria: PAD > 18 mm Hg or PAD/
wedge pressure ratio > 1, cardiac index (CI) < 2 L/min/m?,
and medium arterial pressure < 60 mm Hg; and 3) echocar-
diographic criteria: dilation of the RV (> 2/3 of the LV in its
transversal diameter); shortening fraction < 25% or a 20% re-
duction with respect to the pre-CPB evaluation; TAPSE < 16
mm and systolic speed of the Doppler tricuspid tissue ring <
10 cm/s [12].

Treatment

Principles of RVF treatment after cardiac surgery are based on
concepts of hemodynamic pathology. In case of any degree
of right ventricular dysfunction, a number of basic interven-
tions must be performed. Appropriate intravascular volume
ensures an optimal preload; being able to attain good levels
of oxygenation, maintain the acid-base equilibrium, and the
synchronicity of the ventilator, avoiding a pleural overcharge
and bronchospasm prevents sudden rises in the post-charge
of the RV [15, 16]; ensuring an adequate myocardial protec-
tion, maintaining perfusion of the tissue, and avoiding meta-
bolic acidosis prevent the deterioration of the contractibility in
the RV. If despite attaining these conditions, a typical case of
RVF is established, it is necessary to do an advanced interven-
tion, which may be pharmacologic, inotropics, or intravenous/
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inhaled vasodilators, even using mechanical ventricular assis-
tance (Fig. 4).

Optimization of volume status

The RV is highly dependent on volume, but hypovolemia as
well as hypervolemia may compromise cardiac output and the
perfusion of other organs. Hypovolemia is common in the first
hours after surgery for two reasons: bleeding and increments in
vascular permeability [16, 29] and hypervolemia is more fre-
quent in the following days due to excessive reanimation with
fluids. Volume administration must be guided with clear perfu-
sion goals and predictors of fluid responsiveness, even though
there is no consensus on which to use facing the variability of
the performance with regard to static and dynamic response to
volume in cardiac surgery studies. In a prospective study of
pediatric patients, the variability of systolic volume (VSV) did
not predict the volume response in cardiac surgery [30]. In a
sub-analysis of a clinical trial focused on volume expansion, it
was shown that a rise in basal SVO, might be used as a predic-
tor of fluid responsiveness with an area under the curve of 0.73
particularly in those patients with systolic dysfunction (global
ejection fraction (GEF) <20%) [31].

Lee and collaborators in a prospective study with 35 pa-
tients concluded that the pulse pressure variability (PPV) pre-
dicts the fluid responsiveness in surgery without ECC and may
be used to guide fluid therapy [32]. A more recent publica-
tion from Fischer and collaborators found that the PPV and
the VSV measured through non-invasive plethysmography do
not forecast fluid responsiveness [33]. The use of automatic
transesophageal echocardiography has shown that the breath-
ing variation in the left ventricular systolic area (DeltaSA) may
predict fluid responsiveness [34]. Belloni’s work showed high
sensibility in dynamic parameters regarding fluid responsive-
ness (PPV and VSV) regarding central venous pressure and
wedge pressure. He found that, surprisingly, there was no
correlation between the aortic peak flow change measured by
echocardiography and the response status [35].

Hypervolemia is harmful to the RV, and an exaggerated in-
crease in telediastolic volume may displace the interventricu-
lar septum; for this reason, it is important to identify and treat
hypervolemia quickly with diuretics or hemofiltration [36].

Afterload reduction with pulmonary vasodilators

In this section, we will name the agents that have shown great-
er effect with respect to the treatment of postoperative RVF.
Agents such as tezosentan have shown a positive effect in the
management of PH of another etiology, but in cardiac surgery,
it has not been proven to prevent endothelial dysfunction in-
duced by CPB [37].

INO

This is a powerful selective pulmonary vasodilator, has rapid
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action and a short half-life, and is inactivated by hemoglobin
in the lung capillaries which prevents systemic vasodilation;
higher than 10 ppm doses are not associated with a higher re-
duction of pulmonary vascular tone [38].

Some hemodynamic benefits have been described in post-
surgical patients with mitral stenosis and severe PH; it in-
creases cardiac output and reduces pulmonary vascular resist-
ance [39]. This medication has synergetic effect with inhaled
iloprost in the reduction of pulmonary pressure and improves
RV function [40]. Matamis and collaborators proved that the
combined use with phosphodiesterase 5 (PDES) inhibitors
such as sildenafil has an additive effect in disproportionate
PH control in cardiac surgery patients [41]. The PH rebound
effect when treatment is interrupted quickly becomes a fre-
quent complication; for this reason, treatment suspension
must be monitored with precaution [42]. Chances of this sec-
ondary effect may also decrease when combined with silde-
nafil [43].

Prostaglandins

The E1 prostaglandin, epoprostenol (synthetic prostacyclin
(PGI2)) and prostacyclin analogs such as iloprost are potent
pulmonary vasodilators that reduce pulmonary vascular resist-
ance, improving the performance of the RV and increasing car-
diac output. Prostaglandin E1 is a member of the prostanoid
family; it has been shown to improve pulmonary hemodynam-
ics and the outcome of patients with PH that have undergone
correction of congenital cardiac illnesses with an important de-
crease in mortality compared with conventional therapy [44].
In a series of 208 patients of cardiac transplant, PGE1 reverted
increased pulmonary vascular resistance in the acute phase of
the treatment [45].

Epoprostenol is available for inhaled or intravenous ad-
ministration. Inhaled administration in a series of 20 patients
reduced pulmonary pressure and improved systolic work of
the RV, a dose of 60 pg is hemodynamically safe and its ef-
fect is reverted in 25 min [46]. Compared to nitric oxide, the
administration is easy, does not require special equipment and
is free of secondary toxic effects and the cost savings are sub-
stantial [47, 48].

In cardiac and pulmonary transplants, inhaled prostacyc-
lin and nitric oxide reduce arterial pressure in a similar way,
improving the CI and venous oxygen saturation, making pros-
tacyclin an alternative in the treatment of PH in thoracic trans-
plants [49].

Iloprost is a synthetic analog of PGI2; it is a potent pulmo-
nary vasodilator without systemic effects, but with antiplatelet
and antiproliferative effects. In a clinical trial with 46 patients
it was more effective in reducing PH immediately after the
removal of the CPB [50]. When administered in combination
with nitric oxide it reduces pulmonary hypertension and con-
tributes to the improvement of the RV function [40].

Pulmonary vasodilation with PDES inhibitors

These molecules reduce pulmonary vascular resistance by se-
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lectively and strongly inhibiting PDES, but also reduce sys-
temic resistance. Sildenafil improves cardiac output by bal-
ancing pulmonary and systemic vasodilation and also has a
synergetic effect with nitric oxide [51].

In a series of 90 patients, sildenafil improved early diag-
nosis of patients with left side valve surgery, reduced days of
mechanical ventilation and time in intensive care unit [52].

Gandhi et al showed in a clinical trial with 40 patients
that suffered from severe PH that were scheduled for mitral
valve replacement that sildenafil administered before surgery
reduced PH and the need for mechanical ventilation compared
to placebo [53].

Sildenafil has also been attributed with a potential role in
the decrease of pulmonary vascular resistance and the inci-
dence of acute RVF related to the LVAD implant [54].

Contractibility optimization

Inotropics support the free wall of the RV and together with
the septum are another determinant of the global function of
the RV. Dobutamine acts through the stimulation of the B,
receptor, a dose of 5 - 10 pg/kg/min improves the coupling
between the pulmonary artery and the RV, and it decreases
pulmonary resistance and improves contractibility [55, 56].
The drug may increase cardiac output with a lower risk of
hypertension than levosimendan [57], and in coronary revas-
cularization surgery, it has been linked to decreases in pulmo-
nary microvascular pressure that may produce fewer pulmo-
nary complications of the CPB [58]. In a series of 60 patients
with mitral valve surgery, inotropic activity was higher than
that of levosimendan [59], but the association improves sys-
tolic volume in patients that underwent CPB with a depressed
ejection fraction [60].

Milrinone, similar to dobutamine, may restore blood flow
in tissues and the substitution of oxygen in patients with low
output due to cardiac surgery [61], it is effective in patients
with a depressed ejection fraction that underwent myocardial
revascularization without ECC [62] and facilitates the removal
of the CPB in patients with mitral stenosis and severe PH [63].
Its use has been related to the survival of patients with RVF
associated with an LVAD [64]. Other effects may include in-
ternal mammary arterial spam prevention, anti-inflammatory
properties, and improved splanchnic perfusion [65].

Levosimendan is a sensitizing agent of troponin C to intra-
cellular calcium; randomized studies in cardiac surgery com-
pared to placebo had shown better hemodynamic safety pro-
file, but there were no differences in organ dysfunction [66]. In
a prospective study of 200 patients with cardiac valve surgery
or combined with coronary revascularization, levosimendan
was associated with a reduced incidence of cardiac failure, but
a higher risk of arterial hypotension and required vasopressors
without an improvement in mortality [67]; the perioperative
administration in 64 patients during a clinical trial regarding
placebo in mitral valve surgery and low ejection fraction im-
proved renal function and decreased the need for renal replace-
ment therapy [68].

Two meta-analyses concluded in favor of levosimendan
in early mortality, less postoperative complications, and bet-
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ter outcomes in the intensive care unit when compared to pla-
cebo or other inotropics. Nonetheless, it is suggested to wait
for more clinical trials and more conclusive evidence [69, 70].

Vasopressors

Norepinephrine acts primarily on the al receptor causing vaso-
constriction, but it has a modest inotropic effect due to stimu-
lation of the bl receptor [71]. This stimulation facilitates the
coupling between the pulmonary artery and the RV [55]. Use
of norepinephrine was associated with an increase in post-sur-
gical cardiac output in a study of cardiac surgery patients, and
the effect was measured by the basal cardiac function, volume
recruitment, and change in venous tone. The authors propose
that the response in cardiac output to norepinephrine may be
predicted with VSV [72]. Vasopressin pairs with the V1 re-
ceptors in the cells of the vascular smooth muscle [71], low
dosages (0.01 - 0.03 U/min) produce pulmonary vasodilation
through the stimulation of the endothelial nitric oxide, but at
higher doses, it potentiates the response of catecholamine and
causes coronary and pulmonary vasoconstriction [73]. A re-
cent study in humans compared the in vitro effect of various
vasopressor agents of human radial and pulmonary arteries;
the sympathomimetic agents had similar vasoconstriction po-
tency in both arteries, while vasopressin even though it has
a potent effect of the radial artery, did not have an effect on
pulmonary vascular tone [74].

Mechanical Circulatory Assistance

Mechanical circulatory support therapy to the RV is an ad-
vanced therapy and must be considered in postoperative RVF
when it is rebellious to pharmacological management. The
intra-aortic balloon pump (IABP) may improve coronary per-
fusion and translate into improved global ventricular perfor-
mance, but its benefit is very controversial for the RV. Boeken
et al described 79 patients with predominantly right LOCS
treated with IJABP with a survival rate of 63% and a significant
increase of the CI and TAM [75]. Extracorporeal membrane
oxygenation (ECMO) has been used successfully in cases of
RVF; there are reported cases with satisfactory outcomes in
massive pulmonary embolism and perioperative pulmonary
endarterectomy [76, 77]. In RVF caused by LVAD, Noly and
collaborators compared venous-arterial ECMO support to the
RVAD in pulmonary arteries and veins; there were no differ-
ences in the extent of the support, neither in hospital stay or
mortality, even though the rate of complications was higher
with ECMO [78]. There is described experience with less in-
vasive devices like the RV function to allow the removal of the
device [79].

In a revision, Lang et al concluded that the RV support as
a bridge therapy to transplant or recovery in patients with RFV
after cardiac surgery was related to an improved hemodynamic
stability, but its use must be carefully considered taking into
account the individual characteristics of each patient due to
multiple risks and high mortality [80].
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Conclusion

Two cases of postoperative RVF were described, with ven-
tilation, pharmacological, and similar medical support inter-
ventions, one of the cases with a successful outcome, another
non-favorable. This shows a sample of the variable clinical
complexity of right cardiac failure after surgery.

Refractory RVF has a low incidence but high morbidity
and mortality in cardiac surgery. Understanding of the physi-
opathology has allowed the development of therapeutic strate-
gies that are more effective. The key to this management con-
sists in the preoperative identification of the patients at risk
with RVF, the early recognition of the right dysfunction, and
rapid treatment focused on decreasing pulmonary vascular
resistance, optimizing the ventricular performance, and main-
taining the contribution of the interventricular septum and the
free wall of the RV, through the use of vasodilators, inotrop-
ics, and the delicate volume equilibrium state. Refractory right
failure may be an indication of mechanical circulatory support,
but only in specific cases. There is a deep need for more clini-
cal trials in critical medical scenarios.
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