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Cardiorenal Syndrome Revisited

O

ABSTRACT: syndromes have been categorized into Faiez Zannad, MD, PhD
based on_ is perceived to be the Patrick Rossignol, MD,

of the vicious and interrelated cycle of declining function PhD

in both organs. This clinical classification has broadened interest in

cardiorenal interactions, but it is merely does rely on or

inform predominant and has produced little change in

scientific

either practice or the research agenda. In contrast,

common ﬁ pathways for several categories
of cardiorenal syndromes, suggesting a athogenesis.
is a common consequence of andi related
endothelial dysfunction

in aging, hypertension, diabetes mellitus, obesity,
ischemia, and organ injury. It is a feature in
chronic disease. Therefore, we suggest that
not only a marker but also the
several cardiorenal syndromes. Interstitial
and may play a role in the

the cardiorenal syndrome continuum. Focusing on fibrosis as a disease
mediator might enable the identification of—s
that could potentially be modulated with renin-angiotensin-aldosterone
system inhibitors, _-ﬁ or other novel
antifibrotic agents in development. This conceptual approach may be an

effective new strategy for the prevention and treatment of fibrosis within
the cardiorenal syndrome continuum.

Key Words: cardio-renal syndrome
u fibrosis ® heart failure ® renal
insufficiency
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Cardiorenal Syndrome

ardiorenal syndromes are broadly defined as “dis-
orders of the heart and kidneys whereby acute
or chronic dysfunction in one organ may induce
acute or chronic dysfunction of the other.”" Consensus
groups have provided guidance for physicians on the
classification and clinical management of patients af-
fected by these syndromes,' but uncertainty remains in
the medical community’s understanding of pathophysi-
ological mechanisms, the interactions that contribute
to cardiorenal syndromes, and the optimal manage-
ment approaches for these patients (Table 1).23
In this article, we aim to raise awareness about the
importance of harmonizing evaluation metrics and clin-
ical event definitions across the cardiovascular and renal
communities; highlight gaps in evidence in the patho-
physiology, prevention, and management of cardiore-
nal syndromes and the need to prioritize research in this
area; and propose new concepts for pathophysiology-
based disease-specific management strategies.

THE CLASSIC DEFINITION

The Acute Dialysis Quality Initiative produced a defini-
tion and clinical classification structure for cardiorenal

Table 1. _to Address Knowledge Gaps

Utility of novel biomarkers (eg, Validation studies
NGAL, KIM-1) to detect kidney
injury

Better differentiation between

rises in serum creatinine and

other kidney biomarkers that

signal worsening renal function vs
decongestion in patients with heart
failure and relationship of these to
prognosis

Prognostic modeling using
prospective registries with
prespecified definitions, followed
by prospective validation studies

Association between fibrosis
biomarkers and reversibility of
worsening renal function

Prospective biomarker studies

Predictors of improved renal
function after mechanical
circulatory support or
transplantation

Prognostic modeling using
prospective registries

Efficacy of matching therapy

to biomarker phenotypes (eg,
MRAs in patients with elevated
inflammatory or fibrosis markers)

Prospective randomized trials,
antifibrotic agent (eg, MRA,
ACE inhibitor, ARB, novel small
molecules) vs no antifibrotic
agent in biomarker-positive and
biomarker-negative patients;
usefulness of registry-embedded
platform trials, with master
protocols to study multiple
therapies

Time course of fibrosis, when is it
reversible, when is it nonreversible,
implications for preventive
therapies

Prospective studies

ACE indicates angiotensin converting enzyme; ARB, angiotensin receptor
blocker; KIM-1, kidney injury molecule-1; MRA, mineralocorticoid receptor
antagonist; and NGAL, neutrophil gelatinase-associated lipocalin.
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syndromes in 2010. Cardiorenal syndromes were cat-
egorized into 5 types based on the organ presumed to
be the primary precipitant and the time course of pro-
gression (ie, acute or chronic)." These definitions pro-
vided a clinically relevant construct to raise awareness
of cardiorenal syndromes and prompt consideration of
management approaches. Precise epidemiological data
are difficult to obtain, but it is

have some
as defined by the Acute Dialysis
Quality Initiative (ie, acute kidney injury in the setting
of acute heart failure or chronic kidney disease [CKD]
in the setting of chronic heart failure).* In a retrospec-
tive cohort study of 30681 patients with transthoracic
echocardiography and up to 110 months of follow-
of patients developed at least
Of those patients who developed
type of cardiorenal syndrome, - subse-

quently developed an -hS
Potential pathophysiological mechanisms for the
various types of cardiorenal syndromes have been pre-
viously described,’® but a categorization starting from
clinical descriptions limits the ability to distinguish the
predominant pathophysiology in an individual patient.

DISEASE-SPECIFIC
IN THE CARDIORENAL SYNDROME:
CURRENT KNOWLEDGE AND
EVIDENCE GAPS

Heart Failure and the Cardiorenal
Syndrome

The interplay between heart failure and kidney disease
in patients with a chronic cardiorenal syndrome can lead
to highly complex and challenging clinical scenarios.
First, the diagnosis of worsening heart failure may be
uncertain in a patient with cardiorenal syndrome.

in the settin
of worsening heart failure. It ma

Volume overload in patients with
heart failure also becomes more difficult to manage as
CKD progresses.

that occurs in the set-
or titration of neurohormonal
encountered.
after the initiation or
as a result of their
Interesting recent
data showed that (ie,
angiotensin-converting enzyme inhibitor, mineralocor-
ticoid receptor [MR] antagonist [MRA], B-blocker, di-

ting of
antagonists is

titration of these agents,
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Cardiorenal Syndrome

uretics) were

These data

the concept that serum
increases should ﬁ i -

but rather considered in the context of the entire
clinical

is an important determinant of treat-
ment decisions, although in many cases it be diffi-
cult or because the methods of measuring
renal function in clinical settings are imprecise. Acute
kidney injury has typically been categorized into prer-
enal azotemia (ie, renal hypoperfusion that leads to a
decreased glomerular filtration rate [GFR] without in-
jury to the renal parenchyma), intrinsic acute kidney in-
jury (ie, involving damage to the tubules, glomeruli, in-
terstitium, or intrarenal vasculature), or postrenal acute
kidney injury (ie, resulting from acute obstruction of
urinary flow). These designations are somewhat theo-
retical in nature because methods other than biopsy
are lacking to distinguish between prerenal azotemia
and intrinsic damage.® In addition, prerenal azotemia
and intrinsic acute tubular necrosis can coexist.® In the

acute setting, equations for estimated GFR -)l
FREISHEEEY B, vnich  BBRGRH in such situations,

Serum creatinine to estimate GFR continues to be the
predominant measure of kidney function in clinical set-
has several

tings, but serum
cluding its between
azotemia and kidney injury.' Several biomark-
ers of renal injury are being evaluated for their utility to
detect kidney injury and to differentiate it from func-
tional decline without injury. Novel “tubular dysfunc-
tion markers” (eg, neutrophll gelatmase—assooated

lipocalin kidney injury molecule-1 )
are promising, buti is needed before
adoption in clinical practice.?'

In a post hoc analysis of the DOSE study (Diuretic
Optimization Strategies Evaluation) in patients with
heart failure, worsening renal function was not associ-
ated with a higher risk of the composite end point, but
improved renal function was associated with a higher
risk of death, hospitalization, or emergency room vis-
it.”2 These patients may simply have been more severely
ill or suboptimally decongested; only 7.7% of patients
were considered congestion free by the treating physi-
cian. More patients (19%) with worsening renal func-
tion were considered congestion free at 72 hours by
the treating physician, but the occurrence of worsening
renal function was associated with a significantly short-
er duration of study drug (diuretic) treatment, which
could also have implications for readmission resulting

from incomilete deconiestion.12

Circulation. 2018;138:929-944. DOI: 10.1161/CIRCULATIONAHA.117.028814

which most likely reflect in

rather than intrinsic kidney injury. An analysis
of the SOLVD trial (Studies of Left Ventricular Dysfunc-
tion) showed that function after
enzyme inhibitor initiation was
with an risk, and
amon those patients who

the associated

randomized to therapy was associated
compared with patients
function (relative risk, 1.19,
95% confidence interval [Cl], 1.08-1.31; P<0.001),
than the risk associated
function in patients randomized
(relative risk, 1.48; 95% Cl, 1.35-1.62;
P<0.001; P for interaction with patients randomized to
RAAS inhibitors=0.005)." Inh

function in patients with heart failure with
ejection fraction randomized to

therapy was associated with a
whereas function in patients with HF-
i)significantly as-
4 It should be emphasized that
ave convincing-pof-on

pEF randomized to was

prolonging survival and reducing morbidity in patients
with and both US and European guidelines give
a for their

sociated with

use.’™ ' In contrast, randomized trials to date have
demonstrated the of in
except perhaps for MRAs."’

New definitions for worsening renal function in
heart failure have been proposed.? In addition to typical
threshold changes in serum creatinine or eGFR, these
definitions require a deterioration in heart failure status
not leading to hospitalization (chronic heart failure) or
deterioration in heart failure status, failure to improve,
or a need for inotropes, ultrafiltration, or renal replace-
ment therapy (acute heart failure). These definitions
may enable better detection of true worsening renal
function, but the subjective assessment of deteriora-
tion or no clinical improvement may be a limitation of
the definition because many factors unrelated to renal
function can contribute to in-hospital worsening or a
lack of clinical improvement.

One study categorized 132 patients with acute heart
failure according to whether they had true worsening
renal function (serum creatinine rise >0.3 mg/dL or
>25% decrease in eGFR and deterioration or no clini-
cal improvement during hospitalization), pseudowors-
ening renal function (serum creatinine rise >0.3 mg/
dL or >25% decrease in eGFR and uneventful clinical
course), or no worsening renal function.’ Urinary lev-
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Cardiorenal Syndrome
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40— estimated glomerular filtration rate; RRT, renal
30 32% - replacement therapy; and SCr, serum creatinine.
Reprinted from Zannad and Rossignol®* with
20 19% , permission of the publisher. Copyright ©2017,
16% 16% 17% American Heart Association.
1L I 10% 10%
10
I 1% I 2%
o =
Any renal  SCr>1.5-2 SCr>2.1-2.9 SCr=3 eGFRorCrCl <30 RRT No criteria
exclusion mg/dL mg/dL mg/dL ml/min specified

kidney disease, identification of patients with pathophys-
iology likely to respond to treatment under study) or the
choice of study end points and how to define them (ie,
differentiating worsening heart failure from worsening
renal function, interpreting biomarkers affected by im-
paired kidney function [natriuretic peptides, high-sensi-
tivity cardiac troponin], statistical handling of competing
risks) are critical decisions that, if incorrect, can prevent
a trial from answering its intended question. A limited
body of evidence is available to researchers on which
to base assumptions used in clinical trial design, but we
have previously suggested research priorities to help ad-
dress these knowledge gaps (Figure 4) and harmonize
the approach to clinical investigation across disciplines.®

It is encouraging that specific cardiorenal trials evaluating
cardiovascular and renal outcomes are now underway.®’

Specific training in cardiorenal medicine and the
emergence of a new generation of cardiorenal special-
ists may be justified given the complexity of interactions
between the renal and cardiovascular systems. This may
apply to both the basic research level and the usual care
setting. Closer collaboration between nephrologists
and cardiologists has been encouraged as a mechanism
to advance clinical research efforts in cardiorenal syn-
drome #4888 Sych a collaboration may, for instance, lead
to better persistence in the long-term use of lifesaving
drugs (ie, RAAS inhibitors), with improved management
of recurrent worsening renal function or hyperkalemia

Suggested Research Agenda

Develop valid PROs
for supportive
endpoints; develop
appropriate

analytic methods

Harmonize evaluation
metrics and clinical
data definitions for
ESKD in the context
of CV outcome trials

Improved patho-
physiologic profiling
to enable precise
selection of optimal
target population

Analysis and
validation of
composite
CV and renal
endpoints

Develop new
methodologic approaches
to deal with competing
risks in composite
endpoints

Develop core set

of CV outcomes
relevant to CKD;
may vary according
to CKD stage

Inform Clinical Trial Design

8T0Z ‘z Jequiides uo Aq Bio'sfeulnofeye//:dny wouy papeoumoq

Specific recommendations for patient selection (according to pathophysiologic target and CKD stage)
Specific recommendations for endpoint selection

Generation of robust evidence to guide management of patients with CKD and CV disease

Figure 4. Research agenda.

Completing the priorities outlined in the Cardiovascular and Renal Clinical Trialists (CRCT) research agenda will inform clinical trial design for future clinical trials
and will enable specific recommendations to be made on patient selection and end point selection, which will in turn enable robust evidence to be generated that
will guide the management of patients with chronic kidney disease (CKD) and cardiovascular (CV) disease. ESKD indicates end-stage kidney disease; and PRO,
patient-reported outcome. Reprinted from Rossignol et al®® with permission of the publisher. Copyright ©2017, Oxford University Press.
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