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Heart transplantation (HTx) remains the definitive treat-
ment of advanced heart failure, and survival and quality
of life following HTx are excellent. The use of extended
donor criteria, procurement of hearts in donation after
circulatory death, and transplantation with the use
of novel organ preservation techniques will possibly
increase the number of organs available [1]. Globally,
about half of the HTx recipients are on mechanical cir-
culatory support, usually a left ventricular device, by the
time of HTx, which augments the risk of bleeding, renal
failure, and graft failure in the immediate postoperative
period. If post-transplant complications are not recog-
nized and treated promptly they might have an important
negative impact on outcome. Therefore, careful monitor-
ing and knowledge of the pathophysiology of graft failure
and complications following HTx are essential for suc-
cessful HTx [2, 3].

Hemodynamic monitoring

After HTx careful monitoring of hemodynamic param-
eters is necessary as even small changes in preload and
afterload may impair cardiac performance and can be dif-
ficult to treat. Continuous perioperative monitoring of
systemic, pulmonary artery and central venous pressure
(CVP) and intermittent measurements of pulmonary
capillary wedge pressure (PCWP), intermittent or con-
tinuous measurements of mixed venous oxygen satura-
tion (SvO,), left atrial pressure (LAP), and cardiac output
(CO), in addition to standard monitoring, are recom-
mended [2]. Ischemia and reperfusion of the graft often
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induce systolic and diastolic dysfunction (Table 1, tip 1)
[4]. Repeated echocardiographic assessment of heart
function is necessary, especially when hemodynamic
instability occurs, to diagnose ventricular under filling,
tamponade or failure of, particularly, the right ventricle
(RV) manifested as impaired systolic shortening of the
RV free wall and paradoxical movement of the interven-
tricular septum (Table 1, tip 2).

Graft failure

Early primary graft dysfunction (PGD) is associated with
significantly increased 30-day and 1-year mortality and
is defined as PGD diagnosed within 24 h of HTx. Early
PGD is divided into left ventricular (LV), RV, and biven-
tricular dysfunction and categorized according to the
extent of inotropes and mechanical support used [5]. LV
failure is less common than RV failure after HTx, and
LV systolic dysfunction may suggest poor graft quality
or acute rejection. Isolated RV failure is an independent
risk factor of mortality and one of the most serious com-
plications after HTx [4] and should be treated promptly.
HTx recipients frequently exhibit increased pulmonary
vascular resistance (PVR) resulting from their pre-trans-
plant chronic heart failure or donor—recipient size mis-
match. This PVR elevation may be further aggravated
by cardiopulmonary bypass (CPB)-induced pulmonary
endothelial dysfunction, exposure to protamine, and
bleeding and blood transfusions, which may all increase
the risk of postoperative RV failure. Isolated RV fail-
ure should be suspected when CVP>15 mmHg and/or
when CVP>PCWP/LAP, together with low CO or low
SvO, (<60%). Avoiding and treating RV failure include
close attention to filling pressures and carefully main-
taining an intraventricular balance with centrally aligned
septum evaluated by echocardiography and a PCWP/
LAP<15 mmHg, CVP<PCWP/LAP, and SvO,>65% to
ensure adequate systemic perfusion (Table 1, tip 3) [3].
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Table 1 10 tips for intensive care management of transplanted heart patients

1 Systolic and diastolic dysfunction early post-HTx are frequent and require close monitoring of left- and right-sided filling pressures, as well as

cardiac output and mixed venous oxygen saturation
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Repeated echocardiographic assessment of heart function is necessary, especially when hemodynamic instability occurs
RV failure is common and therapy should aim at maintaining a CVP < PCWP/LAP with a PCWP/LAP < 15 mmHg
Epicardial pacing to maintain heart rate at 90-110 beats/min is recommended
Inotropes with chronotropic entities, e.g., isoproterenol, dopamine, dobutamine, or milrinone, are recommended > 24 h post-HTx
Norepinephrine does not increase PVR in postcardiotomy vasodilatory shock
In severe RV failure, inhaled therapies with nitric oxide or prostacyclin, enable selective pulmonary vasodilation and unloading of the failing RV
In severe graft failure, early initiation of mechanical support is indicated
Infusion of natriuretic peptide may reduce the need for dialysis in selected HTx patients with associated AKI
0 Everolimus-based immunosuppression with early cessation of calcineurin inhibitor is beneficial for kidney function

As a result of the autonomically denervated heart,
sinus bradycardia and supraventricular arrhythmias are
common rhythm disturbances after HTx [6]. Heart rate
(HR) early post-HTx is a significant driver of CO because
of diastolic dysfunction. Atrial pacing is therefore initi-
ated by surgically placed pacing wires to maintain HR
90-110 beats/min (Table 1, tip 4). Persistent tachyar-
rhythmias should prompt investigation of possible rejec-
tion and treated accordingly.

Most patients receive inotropes for chronotropic and
inotropic stimulation of the denervated heart. To avoid
RV failure, we routinely use infusion isoproterenol for a
minimum of 24 h to decrease PVR and to increase myo-
cardial contraction and HR. Standard inotropic medica-
tion includes a combination of isoproterenol, dopamine,
dobutamine, or milrinone [2] (Table 1, tip 5). Normally,
the inotropic support is weaned over 2—4 days post-HTx.
Norepinephrine may be added to achieve a mean arterial
pressure > 65 mmHg if tolerated; otherwise an individual-
ized arterial pressure to obtain optimal balance between
systemic and cardiac pressures is sought. A hesitance to
treat systemic vasodilation with norepinephrine fearing
that norepinephrine will provoke RV failure by pulmo-
nary vasoconstriction is not supported by the literature,
as norepinephrine does not increase PVR in postcar-
diotomy vasodilatory shock (Table 1, tip 6) [7]. Most
patients can be handled conservatively with inotropic
and/or vasoactive infusions, but in more severe RV fail-
ure, adjunctive therapy with inhaled nitric oxide or pros-
tacyclin, to enable selective pulmonary vasodilation and
thereby decreasing PVR and RV afterload, may be indi-
cated (Table 1, tip 7) [8]. In case of severe graft failure
despite vasoactive and inotropic support, early initiation
of mechanical support is indicated (Table 1, tip 8) [9].

Renal function
Acute kidney injury (AKI) after HTx is a common com-
plication with an incidence of 25-50% and an incidence

of dialysis-dependent AKI of 12-22%. Impaired renal
oxygen delivery during CPB [10], bleeding/tamponade,
postoperative RV failure, and venous congestion [11]
as well as the use of calcineurin inhibitors (CNI) are all
linked to post-HTx AKI. In early AKI post-HTx, infu-
sion of low-dose (50 ng/kg/min) atrial natriuretic peptide
(ANP) increases renal blood flow and glomerular filtra-
tion rate and decreases the incidence of dialysis in AKI
after cardiac surgery. A meta-analysis showed that for
solid organ (liver, heart, kidney) transplantation-asso-
ciated AKI, ANP reduces the need for dialysis (Table 1,
tip 9) [12].

Immunosuppression

Effective immunosuppression protects against acute and
chronic graft rejection and is a prerequisite for success-
ful HTx, but has feared side effects like susceptibility to
infections and malignancies. For intense immunosup-
pression immediately post-HTx, 50% of HTx recipients
receive induction therapy with anti-thymocyte or anti-
lymphocyte globulins, or interleukin-2 receptor antag-
onists, the former of which is associated with better
long-time survival [13]. CNIs, included in standard
immunosuppressive regimens, are nephrotoxic.

Management of immunosuppression related
complications

Aiming at minimizing the risk of CNI-related complica-
tions and worsening of pre-HTx comorbidities, induction
therapy may allow for postponing of CNI exposure, of
special relevance to HTx recipients with impaired kidney
function [14]. Everolimus, a proliferation signal inhibitor,
may be an alternative to CNI in de novo heart transplant
recipients, as everolimus-based immunosuppression
with early elimination of CNI is associated with long-
term preservation of kidney function [15], and may be
relevant to avoid renal replacement therapy and its asso-
ciated increased in-hospital mortality (Table 1, tip 10).
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