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AND CLASSIFICATION OF ACUTE KIDNEY INJURY
IN HEART TRANSPLANT RECIPIENTS
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Kidney injury in heart transplant recipients is of a complex nature and bears the features of all types of cardiore-
nal interaction impairment. Pre-transplant renal dysfunction, perioperative acute kidney injury, as well as factors
associated with graft and immunosuppression, determine the prevalence and severity of kidney pathology in this
group of patients. This review examines the pathophysiology of kidney dysfunction in heart failure, the epide-

miology, and criteria for acute kidney injury.
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Heart disease and renal dysfunction are often interre-
lated. When the heart and kidneys are affected simulta-
neously, mortality, morbidity, as well as the complexity
and cost of treatment increase significantly [1]. Mutual
heart-kidney interaction syndrome has been known for
a long time. However, until 2008 it had no clear defini-
tion and classification. This situation was corrected at an
international conference facilitated by ADQI (Acute Dia-
lysis Quality Initiative), where the opinions of leading
experts in the field of nephrology, intensive care, cardiac
surgery, cardiology, and epidemiology were reconciled.

Five types of cardiorenal syndrome (CRS) have been
identified, which reflect all possible interdependent heart
and kidney injury [2, 3]. At the same time, different ty-
pes of CRS can be manifested at different stages of the
disease in one patient. In some cases, there may be a
vicious circle, where there is simultaneous or combined
heart and kidney damage. A unique example of such a
situation is kidney injury in heart transplant recipients,
since at different stages of treatment, before and after
transplantation, there could be manifestations of all CRS
types: impaired kidney function with long-term heart
failure (HF) at the preoperative stage; acute kidney injury
(AKI) in the perioperative period against the background
of cardiopulmonary bypass (CPB), heart graft dysfunc-
tion, use of cardiotonic drugs, mechanical support of the
contractile function of the heart, immunosuppression; in
some cases, renal damage has an outcome in the terminal
stage with a continuing need for dialysis replacement
therapy and persistence of such pathological mechanisms
as suburemia, overhydration, chronic inflammation, bone
and mineral disorders, anemia, and others, leading to the

development in a heart graft characteristic of a chronic
kidney disease (CKD) in the final, dialysis-dependent
stage, changes in the form of cardiofibrosis, myocardi-
al hypertrophy, calcification of heart valves and blood
vessels.

MECHANISMS OF KIDNEY INJURY IN IMPAIRED

CARDIAC FUNCTION

The pathophysiology of kidney injury in HF is com-
plex, involving multiple pathological factors acting si-
multaneously (Fig.). Although a fall in cardiac output and
renal perfusion has traditionally been considered as the
main cause of HF-related renal dysfunction, the results
of a number of major clinical trials do not support this
position. For example, using an analysis of data from
118,465 patients with acute decompensated HF, Hey-
wood et al. could not demonstrate an association between
left ventricular systolic dysfunction and deterioration of
kidney function [4]. According to the results of a study by
K. Damman et al., in 2557 patients who underwent right
heart catheterization, increased central venous pressure
(CVP) was a predictor of mortality and was associated
with low estimated glomerular filtration rate (eGFR),
regardless of the cardiac index (CI) [5]. A number of
studies suggest the presence of other pathophysiologi-
cal mechanisms of renal dysfunction, particularly the
effect of high right atrial pressure on venous congestion
and venous hypertension. The same authors confirmed
previously published data in a study of 2647 patients
with systolic HF, in whom a decrease in the eGFR and
mortality were associated with such manifestations of
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venous stasis as ascites and increased pressure in the
jugular vein [6]. According to the ESCAPE (Evaluation
Study of Congestive Heart Failure and Pulmonary Artery
Catheterization Effectiveness) study, which enrolled pa-
tients with decompensated HF, renal function depended
neither on cardiac index, nor on pulmonary capillary
wedge pressure, nor on systemic vascular resistance.
However, it was associated with right atrial pressure [7].

Based on database analysis of a branch of the same
study, Hanberg et al demonstrated that there is a stati-
stically significant inverse correlation between CI and
e¢GFR in patients with HF who underwent pulmonary
artery catheterization [8].

In a study by Guglin et al. in 178 HF patients, eGFR
correlated with high CVP and low renal perfusion pres-
sure. EchoCG found that deterioration of renal function
was associated with tricuspid regurgitation peak velocity,
but not with left ventricular systolic function [9]. Maeder
et al. reported that in patients with HF, tricuspid regur-
gitation severity was independently associated with the
degree of impaired renal function [10]. At the same time,
many studies that have analyzed right atrial pressure in
HF have two shortcomings complicating interpretation
of these data: severity of preexisting parenchymal re-
nal disease and degree of reduction of left ventricular
systolic function are not considered. It is possible that

increased right atrial pressure becomes clinically signifi-
cant for the onset of renal venous congestion only when
the cardiac index is decreased. In an animal experiment
simulating acute renal venous congestion (13 mm H,0),
renal dysfunction (decreased blood flow, eGFR, sodium
and free water clearance) became less pronounced when
systemic hemodynamics were restored to control values
by transfusion [11]. Damman et al. report that in potential
lung recipients with HF, due to pulmonary hypertension,
right atrial pressure (RAP) and renal blood flow were
independently correlated with radioisotope-measured
eGFR. Moreover, the association with RAP was more
pronounced in patients with reduced renal blood flow
[12]. For instance, Uthoff et al. report that in patients
with acute HF, the combination of arterial hypotension
and high CVP was significantly associated with lower
eGFR [13]. Thus, therapeutic measures aimed at redu-
cing renal congestion will be most effective in patients
with arterial hypotension.

The hemodynamic response to reduced systemic ar-
terial pressure depends on endothelial function, which
is impaired in both chronic kidney disease and heart
failure. Reduced renal perfusion pressure stimulates the
sympathetic nervous system and the renin-angiotensin-
aldosterone system (RAAS). Angiotensin II and catecho-
lamines cause glomerular arteriolar vasoconstriction that
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reduces renal plasma flow [14]. Angiotensin II exerts a
disproportionate vasoconstrictor effect on efferent arte-
rioles, maintaining eGFR despite reduced renal plasma
flow [15]. Thus, initially, the filtration fraction and eGFR
were preserved, then the increase in angiotensin II and
catecholamine production proves inadequate, which en-
tails an even greater preglomerular vasoconstriction and
reduction in eGFR [16]. This, in turn, activates sodium
and water reabsorption in the proximal tubule, leading
to even greater systemic and renal congestion; renal in-
terstitial pressure increases; all capillary bed and tubu-
les are compressed; local hypoxia develops. Increased
pressure in the tubule lumen leads to a decrease in the
transglomerular pressure gradient and exacerbates the
decrease in eGFR [17].

In people without HF, the transient state of hyper-
volemia results in increased renal excretion of salt and
fluid; this reduces the blood volume and cardiac output,
normalizing blood pressure. However, in patients with
HF, despite the hypervolemic state, elevated right at-
rial pressure and CVP negatively affect renal sodium
excretion, creating a vicious cycle of sodium and fluid
retention and HF build-up, which leads to even greater
renal congestion [18].

Increased intra-abdominal pressure, blood congestion
in the abdominal organs and interstitial space also play
a role in impaired renal function. There is a negative
correlation between the magnitude of renal blood flow
and intra-abdominal pressure [19, 20]. According to a
study by P.K. Harman et al., when the intra-abdominal
pressure was elevated to 20 mmHg, GFR decreased to
<25% of normal in experimental animals; when the intra-
abdominal pressure was elevated to 40 mmHg, GFR fell
to 7% of normal, while cardiac output was reduced to
37% of normal [21]. Compromised capacitance function
of the abdominal organs and deficient abdominal lymph
flow also contribute to elevated pressure in the right
heart, which might additionally imply the occurrence of
renal dysfunction [22]. In addition, disturbed intestinal
microcirculation and barrier function, characteristic of
HF, stimulate the production of cytokines that aggravate
myocardial dysfunction, which in turn contributes to
disturbed microcirculation [23]. Proinflammatory cy-
tokines TNF and interferon-y can disrupt the epithelial
barrier function [24]. Subsequent entry of bacterial li-
popolysaccharides into the bloodstream activates mac-
rocytes and macrophages to produce proinflammatory
mediators [24].

Inflammation can both contribute to the onset and be
a consequence of renal venous stasis [25]. Inflammation
causes vascular dysfunction through endothelial factors
and increased arterial stiffness, decreased myocardial
contractility due to functional suppression of contractility
and myocardial cell death. P.C. Colombo et al. evaluated
the effect of peripheral venous stasis induced by venous
stress test on inflammation and endothelial activation.

Venous arm pressure was increased to ~30 mmHg above
the baseline level by inflating a tourniquet cuff around
the dominant arm. Plasma interleukin-6 (IL-6), endo-
thelin-1 (ET-1), angiotensin II, vascular cell adhesion
molecule-1, and chemokine ligand 2 were significantly
increased in the congested arm [26]. In HF and venous
congestion, activation of RAAS and the sympathetic
nervous system exacerbates the inflammatory response.
According to experimental data from K. Iwata et al.,
RAAS activation leads to stimulation of nicotinamide
adenine dinucleotide phosphate oxidase by angiotensin
11, which leads to formation of reactive oxygen species.
All these processes promote progression of renal dys-
function and development of renal fibrosis [27].
Fibrosis is a common pathophysiological mechanism
of cardiorenal syndrome. Disease-related injury to any
organ triggers a complex cascade of cellular and mole-
cular response, which culminates in tissue fibrosis. Alt-
hough this fibrogenic response can be restrained for some
time by adaptive mechanisms; in the case of prolonged
damaging effects, sclerotic parenchyma, cellular dys-
function and, ultimately, functional insufficiency develop
[29]. The cause of fibrotic processes, both in the heart
and in the kidneys, is endothelial dysfunction arising
from inflammation and oxidative stress, associated, in
turn, with aging, arterial hypertension, diabetes melli-
tus and obesity, and leading to cardiovascular disease,
HF and CKD [30]. Myocardial remodeling occurs after
heart damage and involves the secretion of extracellu-
lar matrix proteins by myofibroblasts. This promotes
cardiac fibrosis and preserves myocardial structure and
function, but such a condition leads to chamber dila-
tation, cardiomyocyte hypertrophy, and apoptosis, and
ultimately leads to the progression to heart failure [30].
In the kidney, tubulointerstitial fibrosis and dysfunction
can be caused by differentiation of tubular epithelial cells
into myofibroblasts through an epithelial-mesenchymal
transition phenotype, leading to the cells losing their po-
lygonal shape and epithelial markers and acquisition of a
fibroblast phenotype with increased extracellular matrix
synthesis (e.g. collagen I, 111, fibronectin). Aldosterone
can trigger a cascade of processes leading to cardiac,
vascular, and renal fibrosis, mutually involving them in
the development of cardiorenal syndrome. Experimental
studies have supported such pathogenetic mechanisms.
For example, in an experiment on rats, with AKI induced
by bilateral renal ischemia/reperfusion, treatment with
a mineralocorticoid receptor antagonist spironolactone
prevented the activation of fibrotic and inflammatory
processes, preventing the development of CKD [31, 32].
Of interest in this regard are the results obtained in the
study of living kidney donors, who, 12 months after ne-
phrectomy, developed a decrease in eGFR, accompanied
by significant increase in left ventricular mass, confirmed
by MRI, without development of arterial hypertensi-
on. Changes in eGFR were independently associated
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with changes in left ventricular mass. Compared with
the control group, the donors had a significantly incre-
ased concentration of fibroblast growth factor-23 and
high-sensitivity C-reactive protein. However, the clinical
relevance of these findings is unclear, as observational
studies have shown favorable long-term outcomes for
living kidney donors [33]. Nevertheless, studies of li-
ving kidney donors compared with controls suggest an
increased risk of cardiovascular events and end-stage
CKD [34, 35]. Elevated concentrations of highly sensiti-
ve cardiac troponin T and microalbuminuria were much
more common in donors than in the control group [35].
Meanwhile, Paoletti et al. suggested that in 100 kidney
transplant recipients, regression of left ventricular hy-
pertrophy portends better long-term combined clinical
outcome (death, any cardiovascular or renal event) [36].

In addition to these factors, activation of mineralo-
corticoid receptors through a number of mechanisms
(inflammation; increased potassium levels in the blood,
which has a proarrhythmic effect) promotes fibrotic
changes in the heart, arteries, and kidneys. This process
involves such mediators of inflammation and fibrosis
as galectin-3 [31, 37], NGAL [38], stimulating growth
factor ST2 [39] and cardiotropin-1 [40].

The pathophysiology of kidney injury after cardiac
surgery with CPB is even more complex and multifac-
torial. Additional mechanisms affecting renal function
in patients with chronic heart failure after such opera-
tions may include microembolization, metabolic and
hemodynamic disorders, ischemia—reperfusion injury,
and oxidative stress [41]. These mechanisms of injury
may be interrelated and synergistic. The use of CPB has
been associated with an alteration of vasomotor tone and
areduction in the renal parenchymal oxygen tension, and
consequently, decreasing the renal perfusion pressure up
to 30% and, hence, increasing the ischemia—reperfusion
injury [42]. In addition, the formation of microemboli
may be increased by the use of CPB. It is well known
that emboli smaller than 40 pum are not effectively filtered
by CPB-system filters and can damage renal capillaries
directly. The release of free hemoglobin secondary to
hemolysis is associated with renal tubular damage and
coagulation activity dysfunction [41].

In cardiac recipients, nephrotoxic calcineurin inhi-
bitors and risks associated with the use of organs from
extended criteria donors are added to all of the described
factors contributing to the onset of renal injury.

AKI EPIDEMIOLOGY AND CLASSIFICATIONS

AKI is a common complication occurring in more
than 50% of patients within the first week after admis-
sion in the intensive care unit (ICU) [42]. According to
M. Ostermann and J. Cerda, AKI-related mortality in
the acute period is 24% in adults and 14% in pediatric
patients [43]. Thus, it is 7 times higher than mortality in
the non-AKI group of patients. Consequences of AKI

include the need for renal replacement therapy (RRT),
chronic kidney damage in about 20% of patients, and
reduced quality of life. The additional cost of treating
1 patient with AKI requiring RRT in the United States
averages $42,077 [44]. According to B.J. Moore and
C.M. Torio, AKI accounts for 8—16% of all hospital ad-
missions in the United States, which is about 13 million
patients annually. The duration of hospitalization with
a secondary diagnosis of AKI almost tripled from 2005
to 2014 [45]. According to Kerr et al., hospitalizations
in 2014 for AKI patients in the UK incurred a cost of
$1.3 billion, which was more than 1% of the total NHS
budget [46].

Data on the incidence of AKI varies widely. In the
past, more than 30 definitions of acute renal failure could
be found in the literature. The diagnosis of acute renal
failure was based on urine output and urea and crea-
tinine as markers of eGFR reduction. The criteria for
assessing the degree of renal dysfunction varied consi-
derably among different authors. All these necessitated
the development of a generally accepted classification of
acute renal failure. For this purpose, the Acute Dialysis
Quality Initiative (ADQI) expert group was formed in
2003. In 2004, ADQI presented the RIFLE classifica-
tion, in which 5 stages of renal damage impairment were
identified — Risk, Injury, Failure, Loss, End-stage kidney
disease [47].

In 2007, members of the Acute Kidney Injury Net-
work (AKIN) working group coined the term AKI (Acute
Kidney Injury) to define a wide range of acute renal
dysfunction from the earliest and mildest forms to cases
where replacement therapy is required. The term AKI is
intended to express the reversible nature of kidney injury
in most cases. AKIN proposed a modification of RIFLE,
which drew attention to the minimal increase in blood
creatinine levels in a shorter period of time [48]. Finally,
in 2012, in the clinical guidelines for the treatment of
AKI, KDIGO, in turn, proposed again to increase the
time period for assessing the degree of renal injury and
drew attention to the delayed increase in blood creatinine
levels in relation to renal dysfunction [49]. According
to the KDIGO (Kidney disease: Improving Global Out-
comes) clinical guidelines, AKI is a sudden decrease in
kidney function in a period not exceeding 7 days, and
CKD is pathological changes in the renal structure or
function that last more than 90 days [49]. AKI should be
considered as a systemic disease with long-term patholo-
gical effects on the heart, lungs, central nervous system,
and especially the kidneys. The time interval between
the onset of AKI and the development of CKD has been
suggested to be called acute kidney disease. This term
defines the course of the disease after AKI in patients
with ongoing pathophysiological processes in the kidney.
The main AKI classifications are shown in Table.

The addition of urine output as a criterion increases
the incidence of AKI compared to a situation where se-

124



REVIEWS

rum creatinine alone is assessed [50, 51]. Xuying Luo et
al. analyzed the data of 3,107 patients who were conse-
cutively admitted at the ICU over a 6-month period [52].

AKI was determined according to the RIFLE, AKIN
and KDIGO classifications. KDIGO was the most sen-
sitive for AKI detection (KDIGO 51%, RIFLE 46.9%,
AKIN 38.4%). Meanwhile, the major limitation of these
classifications is the use of serum creatinine levels as
a marker of renal function. It is known that creatinine
concentration can be influenced by factors not associa-
ted with glomerular filtration, such as gender, age, race,
body surface area, diet, intake of certain drugs, as well
as diabetes and liver disease [49]. Besides, a change in
serum creatinine levels does not allow to identify the
localization of renal injury, tubular or glomerular. To
increase creatinine levels in the blood, a loss of about
50% of renal function is required.

As a consequence, it is detected 24—72 hours later
than the concentration of a number of new biomarkers
of kidney injury. These limitations facilitate the research
of new substances that allow not only to predict and
diagnose AKI, but also to identify the localization, type
and etiology of injury, predict outcomes, and determine
when to start treatment and ensure that it is monitored.

The currently known biomarkers make it possible to
assess renal function (cystatin C [53], galectin-3 [54],
proenkephalin [55]), predict AKI progression (interleu-
kin-18 (IL18) [56]), neutrophil gelatinase-associated li-
pocalin (NGAL) [57], microRNA [58]), determine renal
injury (NGAL, hepatic form of fatty acid binding protein
(L-FABP) [59], microRNA, IL18, kidney injury mole-
cule-1 (KIM-1) [60]), detect cell cycle inhibition (tissue

inhibitor of metalloproteinase-2 and protein-7, which
binds insulin-like growth factor (TIMP-2 and IGFBP-7)
[61]) and, finally, determine the nephrotoxic effect of
drugs (N-acetyl-glucosaminidase, gamma-glutamyl tran-
speptidase, alanine aminopeptidase) [62]. Although the
use of most of the new biomarkers of kidney injury is still
under study, their introduction into broad clinical practice
is inevitable in the future. L-FABP is approved for use in
Japan, NGAL is present in the European guidelines, and
the TIMP-2 + IGFBP-7 combination is FDA approved
in the United States [63].

Meanwhile, Klein et al. conducted a meta-analysis
of 63 studies of new biomarkers in order to explore the
possibility of using them in determining the onset of
RRT in AKI. Unambiguous results were not obtained
[64]. Biomarkers, which, according to the analysis, seem
useful for predicting the use of RRT, are actually mar-
kers of kidney stress, damage and decreased glomerular
filtration rate. From a clinical point of view, a decision
to initiate RRT is not based on the severity of kidney
injury, but on the presence of metabolic, electrolyte and
volumetric disorders in the patient, as well as concomi-
tant pathological conditions.

ACUTE KIDNEY INJURY IN HEART RECIPIENTS

Heart transplantation remains the only true “cure”
for end-stage heart failure. Since 1967, when K. Barnard
first performed a successful heart transplant (HTx), the
number of such operations has been steadily increasing.
By June 30, 2018, over 146,975 heart transplantations
were performed in patients of all ages worldwide. Ac-
cording to the register of the International Society for

Table
Comparison of acute kidney injury scales
RIFLE AKIN KDIGO Amount of urine
Stage SCr Stage SCr Stage SCr
. Increase :
1.5-fold increase or Increase by 1.5-1.9 times
RISK decrease in GF by | >26.5 umoli/L or 1 |or by >26.5 pmol/L of the <0.5 mL/kg/hour
o 1.5-2-fold increase . for 6-12 hours
>25% . baseline
of baseline
2-fold increase or Increase by .
INJURY decrease in GF by 2 |>2-3 times of the 2 gllgrg::;ﬁl};z_z'g times of Fo(l'iiglﬁlgﬁfslour
>50% baseline -
3-fold increase or Increase by >3 times Increase by 3.0 times
of baseline or SCr of the baseline or SCr
SCr >354 pmol/L >354 pmol/L with >354 pmol/L or RRT <0.5 mL/kg/hour
FAILURE with rapid increase | 3 |7 K 3=k . for 24 hours or
>44 umol/L or GF rapid increase initiation, or a def:rease i | uria for >12 hours
decrease >75% >44 pmol/L or RRT GF to <35 mL/min/1.73 m? =
’ initiation in patients <18 years of age
Complete absence
LOSS of renal function
for >4 weeks
END-STAGE | Complete absence
KIDNEY of renal function
DISEASE for >3 months

RIFLE and KDIGO assess changes in SCr levels within 7 days, AKIN within 48 hours.
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Heart and Lung Transplantation 2019, the 1- and 5-year
survival rates of heart recipients were 81% and 69%,
respectively [65].

Kidney injury is one of the most serious complications
in both the early and late postoperative period, directly
affecting treatment outcomes. According to numerous
authors, the development of AKI and CKD is associated
with longer ICU and hospital stay, higher incidence of
infectious complications, acute graft rejection, and, in
general, higher mortality rate [66, 67]. According to the
results of a meta-analysis of 27 cohort studies with data
from 137,201 heart recipients, the average incidence
of AKI was 47.1% (4.5%-72.3%), the need for RRT
was 12% (2.1%-39.06%). The incidence of AKI and
severe AKI requiring RRT has increased in recent ye-
ars. AKI after heart transplantation was associated with
increased short-term and 1-year mortality (3.5 and 2.3-
fold, respectively). AKI and AKI requiring a RRT were
unfavorable prognostic factors in heart transplantation
and were associated with a 13-fold increase in the risk
of death within 90 days after surgery. Despite advances
in transplantology in recent years, the risk of in-hospital
mortality (and/or mortality within 90 days after surgery)
and mortality within 1 year after transplantation has not
changed over the past 20 years. This situation is probably
due to liberalization of HTx indications and the use of
organs from extended criteria donors [66]. Other results
were published by Zijlstra et al, who analyzed data from
580 heart recipients who received transplants in Rotter-
dam from 1984 to 2013. The patients were divided into
groups A (1984-1999) and B (2000-2013). Despite a
significantly higher number of older donors in group
B compared to group A (mean age 43 versus 29 years,
donors over 50 years old 33% versus 2%, respectively),
long-term survival was higher among group B recipients
(90%, 86%, 81% and 68% by 30 days, 1 year, 5 years and
10 years, respectively, against 93%, 89%, 78%, and 53%
in the same period in group A). In heart recipients who
survived within 1 year after surgery, the 10-year survival
was significantly higher in group B than in group A (80%
versus 60%, respectively, p < 0.0001). In particular, this
decrease was associated with a reduced incidence of
kidney injury (14% in group A versus 4% in group B).
According to the authors, such outcomes were achieved
thanks to the use of new immunosuppression protocols,
early prescription of statins regardless of cholesterol
levels, active treatment of arterial hypertension and pre-
emptive myocardial revascularization of the graft [68].
Since there are still no effective targeted pharmacothe-
rapeutic for AKI, prevention, and early identification of
patients at risk of AKI can potentially play an important
role in improving treatment outcomes. Risk factors for
AKI in heart transplantation have been studied by many
authors. Preoperative ones include preexisting renal dys-
function, diabetes mellitus, older age of both donor and
recipient, previous heart transplantation; Intra- and post-

operative ones include graft ischemic time, surgery and
CPB, large blood loss and much blood transfusions, me-
chanical circulatory support, functional heart graft failure
[69—71]. According to Wang et al., who retrospectively
analyzed heart transplants at 8 UK centers from 1995
to 2017, there was a steady increase in RRT use in the
30-day postoperative period — from 12% in 1995-2000
to 47.7% in 2011-2017. More frequent use of RRT was
associated with older age of donors, higher number of
recipients with urgent status, and more frequent use of
mechanical (intra-aortic balloon pump, extracorporeal
life support, assisted circulation) and inotropic support.
Statistical analysis revealed RRT predictors in the post-
transplant period: male gender, the need for left ventricu-
lar bypass and inotropic support before transplantation,
intraoperative kidney dysfunction, and development of
severe graft dysfunction after surgery. The use of organs
from older donors increased the risk of requiring RRT.
Besides, repeated surgical interventions and infectious
complications were significantly associated with the need
for RRT. As for the survival of recipients in this stu-
dy, this indicator in the group of recipients with a need
for RRT was lower than in other recipients only within
3 months after surgery. This difference was particularly
pronounced in the early post-transplant period (71.6%
and 94.7%, respectively) [72]. Meanwhile, according to
Boyle et al., in the group of heart recipients with AKI
requiring RRT, in-hospital mortality was 50% versus
1.4% in the group of recipients without AKI [73]. Guven
et al. reported that the need for RRT within 30 days after
transplantation was associated with higher mortality at
1 year after surgery (22% versus 8% in the group of
recipients who did not require RRT) [74]. In a study by
Romeo et al., this indicator in the group of heart recipi-
ents who received RRT within a month after surgery was
also significantly higher than in other recipients (59.2%
versus 5.8%) [75]. In all these studies, AKI requiring
RRT served as a unifying risk factor for high mortality,
but a common factor was also right ventricular failure —
graft dysfunction [73-75].

Heart transplant recipients represent a unique popula-
tion of patients in whom all types of cardio-renal syndro-
me can be observed at different stages of the pathological
process. Over the past two decades, studies conducted
among patients with severe heart failure have shown
that venous congestion is a major damaging mechanism
leading to the onset and progression of renal dysfunction,
along with decreased cardiac output. It also activates the
renin-angiotensin-aldosterone system with further sodi-
um and water retention, inflammation with production
of pro-inflammatory cytokines, endothelial dysfunction,
fibrosis activation, and increased intra-abdominal pres-
sure. In the meantime, clear data on the effect of such a
mechanism in donor heart recipients are fragmentary. For
example, several publications report that right ventricular
failure in the early postoperative period is combined with
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a high incidence of AKI requiring RRT with increased
mortality. Introduction of precision methods for asses-
sing and correcting hydration and volemic status in pati-
ents awaiting HTx and in cardiac recipients, would most
likely reduce AKI incidence and improve transplantation
outcomes. However, this requires further study.

The authors declare no conflict of interest.
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