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CHAPTER 112

Cardiorenal Syndrome Type 2

Ajay Srivastava, Paras Dedhia, and Charuhas V. Thakar

OBJECTIVES

This chapter will:

1. Review the definition and epidemiology of cardiorenal
syndrome type 2 (CRS-2).

Identify the theoretical pathogenic pathways of CRS-2.
Discuss management strategies for CRS-2.

Introduce adjunct management assistive devices, such as
cardiac resynchronization therapy and implantable pul-
monary artery pressure sensors.

S G0N

Heart failure (HF) is a growing public health problem in
the United States, affecting more than 5 million people,
with more than 550,000 new cases diagnosed each year."”
Primarily a disease of the elderly, HF is associated with a
high prevalence of comorbid conditions, such as hyperten-
sion, diabetes, and chronic kidney disease (CKD). Based
on an analysis of a 5% Medicare sample between 1994 and
2003, the prevalence of HF in patients over 65 years of age
increased from 89 to 121 per 1000 eligible Medicare ben-
eficiaries. This also was accompanied by a significant
increase in the prevalence of comorbid conditions: 64%
of HF patients suffered from ischemic heart disease, 89%
had hypertension, and 35% had diabetes.” Acute HF is one
of the most common reasons for hospitalization in the United
States and accounts for more than 1.1 million admissions
annually.” Tt is also evident that, along with other comorbid
conditions, approximately 40% of patients hospitalized
with HF have abnormal renal function upon hospital admis-
sion with a serum creatinine (SCr) value exceeding 1.5 mg/
dL.* Considering their medical complexity and dual organ
involvement, the management of these patients poses an
enormous task for healthcare providers, because they have
to balance effective implementation of treatment guidelines
while minimizing the risk of complications.

The true nature regarding the relationship between the
heart and kidney is exemplified when discussing cardiorenal
syndromes (CRS), whereby a complex pathophysiologic
interplay ensues. Acute or chronic dysfunction of varying
severity in one organ leads to the same in the other. A
detailed categorization of the five subtypes (i.e., CRS types
1 through 5)° has helped elucidate this temporal association
regarding the aberrant organ, consequently leading to the
subsequent pathophysiologic changes in the other organ.
All the subtypes are associated with increased morbidity
and mortality and consequently risk factor modification,
treatment strategies, and future research depend on our
understanding of the precise pathophysiologic mechanisms
of each.®

CRS type 2 (CRS-2) is defined as the onset or progression
of CKD secondary to chronic HF from various causes,
including congenital and acquired cardiac disease, stable
or progressive HF, or from repeated episodes of acute
decompensated HF.®

A temporal relationship between the occurrence of
chronic HF and a consequent onset or progression of CKD

is required to define CRS-2. Given the inherent difficulty
in identifying the antecedent causal occurrence in patients
that have co-existing chronic HF and chronic kidney disease
(CKD), the term CRS “type 2/4” also has been suggested.”

This chapter outlines the epidemiology, pathogenesis,
diagnosis, and management of CRS-2.

EPIDEMIOLOGY OF CARDIORENAL
SYNDROME TYPE 2

Unfortunately, the data regarding the relationship between
clinical outcomes and management in subjects with CKD
in HF is not very robust because patients with elevated
serum creatinine levels are typically excluded from prospec-
tive studies in HF.® Therefore large observational registries
offer insight into the prevalence of CKD in this population
of patients. However, these observational studies often report
a one-dimensional view based on the presence or absence
of a particular comorbidity, such as CKD in HF,” making it
difficult to distinguish between CRS-2 and CRS-4.° Moreover,
there appears to be wide variability on prevalence rates:
For example, data from the ADHERE registry regarding
nearly 120,000 acutely hospitalized HF patients demon-
strated that CKD (defined as Modification of Diet in Renal
Disease [MDRD] GFR < 60 mL/min/1.73 m? of BSA) was
present in 64% of patients,'” while another study indicated
it to be as low as 12%."

Another challenge in interpreting the natural history of
CRS-2 from observational data is that these studies: (1)
typically use acute care admissions as a starting point,
which essentially represents CRS-1 superimposed on perhaps
an underlying CRS-2 and (2) do not have longitudinal data
beyond hospital discharge other than long-term survival.
This leaves several gaps between the proposed pathophysiol-
ogy of CRS-2 and clinical evidence.

PATHOGENESIS

In CRS-1, the decline in renal function occurs in the setting
of an acutely decompensated HF with a resulting drop in
cardiac output and increased renal venous pressures. In
CRS-2, the mechanisms are less acute and not as well
understood. A number of intricate mechanisms have been
proposed regarding the pathogenesis of CRS-2, which include
neurohormonal activation, the imbalance between nitric
oxide and reactive oxygen species, renal hypoperfusion,
venous congestion, and inflammation.’

Neurohormonal Changes in Heart Failure

Neurohormones are formed by specialized neurosecre-
tory cells, which because of their part in the nervous



system structure, can act as a neurotransmitter as well as
a hormone. In a pathologic state such as CRS, they play
a role in mediating an oxidative stress or injury cascade
that includes pervasive inflammation, endothelial dysfunc-
tion, and cellular death. Neurohormonal abnormalities
represent an imbalance between elevated production of
vasoconstrictive mediators such as epinephrine, endothelin,
and angiotensin and an altered sensitivity and release of
vasodilatory factors such as nitric oxide and natriuretic
peptides.” Decreased cardiac output and arterial underfilling
leads to a persistent activation of the sympathetic nervous
system (SNS) and renin-angiotensin-aldosterone system
(RAAS), which leads to subsequent pathologic volume
expansion as well as multi-organ fibrosis including the
heart and kidneys."”” In addition, angiotensin II appears
to be especially involved in the development of reactive
oxygen species (e.g., superoxide) via activation of NADPH
oxidase and NADH oxidase in various cells including cardiac
myocytes and renal tubular epithelial cells." Inactivation of
nitric oxide by reactive oxygen species may contribute to the
endothelial dysfunction seen in vascular smooth muscle as
well as the impaired contractile effects on cardiac myocytes
in HE."

Role of Congestion and Cardiorenal Hemodynamics

Typically, high renin levels and resultant abnormal angio-
tensin II production are key mediators in the setting of
reduced circulating volume, ultimately leading to pathologic
volume overload and consequent downstream effects result-
ing from microvascular congestion. High venous pressures
offer a viable mechanism to the progressive CKD in HF in
those with preserved ejection fraction and stable hemody-
namics."* As such, the ESCAPE (Evaluation Study of Conges-
tive HF and Pulmonary Artery Catheterization Effectiveness)
trial evaluated pulmonary artery catheter—guided manage-
ment of acute decompensated congestive HF in 433 patients
and found no correlation between baseline renal function
and cardiac index."” Furthermore, improvement in the
cardiac index did not result in improved renal function
nor prevention of rehospitalization or death, suggesting
that decreased forward flow and hemodynamics are not
the main determinants of progressive renal failure in the
HF population.”

Consequently, continued RAAS stimulation as a result
of venous hypertension rather than hypoperfusion can
stimulate continued sodium avidity and persistent resultant
pressure and volume overload,''® leading to worsening
renal dysfunction including in those with well-preserved
left ventricular ejection fraction.'”” An additional facet could
be that renal autoregulatory mechanisms are able to preserve
intrarenal hemodynamics despite macrophysiologic changes
as HF progresses. However, this preservation of glomerular
filtration rate (GFR) occurs at the cost of maladaptation,
eventually leading to ischemia and glomerulosclerosis.

Inflammation

Although inflammation is associated with HF and CKD,
which may be an effect of each disease process rather than
the initiating event, it certainly may contribute to the
pathologic progression in CRS. Elevated levels of proinflam-
matory cytokines including TNF-o, IL-18, and IL-6 are
observed in those with CKD and chronic HF. Although the
RAAS and sympathetic nervous system do stimulate inflam-
matory mediators, venous congestion from volume overload
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also may play a role in promoting the inflammatory process.*
For example, in the setting of volume overload, endotoxins
including lipopolysaccharide may translocate through the
gut because of bowel wall edema, which in turn induces
proinflammatory cytokines."” Cumulatively, these proinflam-
matory cytokines can have detrimental effects on the heart,
kidneys, and vasculature leading to cyclic and progressive
organ damage, fibrosis, and dysfunction."

It is not clear whether the inflammatory mediators play
a lead role in the causal pathway of CRS regarding the
worsening heart and kidney failure or whether they merely
represent markers as a consequence of vital organ stress/
injury. This latter notion is supported by the fact that several
randomized placebo-controlled trials of antiinflammatory
therapies (e.g., anti-TNF-a) in chronic HF have not proven
to be efficacious in improving clinical outcomes. A host
of other reasons why there have not been encouraging results
may include the redundancy of the cytokine cascade, dif-
ferences in inflammatory status for those with varying levels
of CHF, as well as those with differing comorbid causes
such as diabetes or hypertension.'®

Link Between Cardiorenal Syndrome Types 1 and 2

A number of hemodynamic and nonhemodynamic factors
are involved in the pathogenesis of CRS-2 (Fig. 112.1). By
extrapolating the information derived from other clinical
settings, it is conceivable that episodes of acute kidney
injury (AKI) in the setting of acute HF (CRS-1) either initiate
or further facilitate the progression of CRS-2. Inclusive of
all of the above mechanisms (RAAS stimulation, inflam-
mation, fibrosis), an episode of AKI consequently can follow
a path of progressive loss of renal function initiated by a
catastrophic episode of CRS-1 with subsequent partial
recovery or nonrecovery. This pathogenic link makes
evaluating the epidemiology of this disease more complex.
For example, as alluded to earlier, underlying HF and
episodic AKI can act as residual confounders when evaluat-
ing progressive CKD. However, it is less ambiguous to
separate the subgroup of individuals with HF who have a
progressive loss of renal function in the setting of worsening
systolic function and consequently have a strikingly high
risk of morbidity and mortality.

DIAGNOSIS AND BIOMARKERS

The comorbid nature of HF and CKD give rise to notable
challenges when attempting to identify their relational
occurrence or progression. The use of serum creatinine
(SCr) as part of the diagnostic spectrum has many limitations,
especially when inferring its clinical utility in management
and outcomes. For instance, the variability among those
of differing age, gender, race, and muscle mass render
diagnostic and management decisions difficult even with
regard to the same patient over time. In addition, the use
of estimation equations for GFR to account for this variability
in SCr is valid only during a steady state. Moreover, the
fact that SCr represents a decline in GFR and not necessarily
parenchymal disease limits its use in determining the
progression of renal decline.”” Other biomarkers include
nonspecific yet classic findings of intrinsic kidney disease
such as proteinuria (e.g., >1000 mg daily), active urinary
sediment such as hematuria, and renal ultrasound with
findings such as smaller kidney sizes, thinning parenchyma,
and increased echogenicity.
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FIGURE 112.1 Hemodynamic and nonhemodynamic effects toward progressive chronic kidney disease (CKD) and cardiorenal syndrome
(CRS) type 2 with worsening CKD also imposing negative morbid cardiac effects. CO, Cardiac output; RBF, renal blood flow.

Biomarkers

The current state of biomarker analysis is focused primarily
on the early detection of AKI, and consequently very limited
biomarker data are available regarding the early detection
of onset and progression of CKD, which would prove
invaluable in the evaluation and management of CRS-2.
Among the key attributes for potentially viable biomarkers
would be their ability to accurately detect kidney damage
and/or decline of renal function earlier than what we cur-
rently have available. Furthermore, the utility of an
endogenous filtration biomarker is related directly to its
ability to predict clinical outcome. There are several can-
didate markers in the inflammatory and fibrotic pathways
that have been evaluated in experimental settings but have
not yet been validated in CRS-2 patients (Fig. 112.2).

Cystatin C, neutrophil gelatinase-associated lipocalin
(NGAL), and kidney injury molecule-1 (KIM-1) have received
increased attention and scrutiny in this era of discovering
potentially useful biomarkers.

Cystatin C is a low-molecular-weight protein that is
believed to be produced by all nucleated cells. It is filtered
completely by the glomeruli, and although not reabsorbed,
it is metabolized in the tubules and therefore cannot be
used to measure clearance directly, but serum levels can
be used as a proxy to estimate clearance. Measured GFR
appears to be estimated more accurately with the CKD-
EPI¢,.qy formula.”

Produced and secreted by neutrophils in humans, the
expression of the NGAL protein is increased significantly
in damaged epithelial cells.”” These increased levels occur
earlier in damaged tissue than our classic markers of kidney
damage (e.g., SCr) and correlate well with the extent of
renal tubular damage cells.”” Studies continue with regard
to its use in the early detection and staging of CKD, the
progression of CKD, as well as following the response to
treatment.”” KIM-1 is a transmembrane protein that is not
expressed ordinarily in uninjured kidneys but is upregulated
by proximal tubular cells after ischemic or nephrotoxic
exposure and can be measured in the urine.”” Given the
propensity of CRS-2 subjects to suffer from acute episodes
of decompensating heart or kidney failure, it is proposed

that markers of acute kidney injury may provide prognostic
value in determining the downstream course of kidney
disease progression. Such validation studies, however, are
seriously lacking.

MANAGEMENT

Many questions arise when considering management
optimization with coexisting cardiac and renal dysfunction
and specifically CRS-2:

1. How does one weigh the relative contribution of baseline
chronic heart dysfunction or the chronic kidney disease
to declining renal function?

2. Does the progression of renal dysfunction result from
its own inherent disease processes and not necessarily
because of the chronic HF affect outcomes to the same
degree as if the progression was secondary to the HF?

3. Does a reduction in GFR during HF treatment lead to
worsening outcomes (i.e., increased mortality)?

4. What is the optimal end point with regard to co-
management of cardiac and renal dysfunction?
Although these questions are being investigated actively,

it is clear that striking a proper balance between the optimal

therapy for HF and reduced kidney function for the best
clinical outcomes is of foremost importance. Although large
randomized controlled trials of chronic HF over the last

20 years have not routinely included patients with advanced

renal disease,” it has been observed that patients with

concomitant renal dysfunction have worse outcomes in HF
patients. However, observational data using baseline SCr
values alone are not enough, as trials have indicated that

a relationship between a change in GFR (regardless if it is

positive or negative) in those with HF do not necessarily

affect outcomes in the same manner, but rather it is the
cause of this change that is important. Nonetheless, optimiza-
tion of cardiac function can actually improve GFR and
have a positive impact on those with CRS-2. Consequently,
any therapy involving RAAS inhibition and diuretics for

CRS-2 patients should include surveillance of renal function

and electrolyte balance.
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FIGURE 112.2 In search of ideal biomarkers for cardiorenal syndrome type 2. ADMA, Asymmetric dimethylarginine; ALT, alanine transaminase;
AST, aspartate transaminase; BNP, brain natriuretic peptide; BUN, blood urea nitrogen; CNP, C-type natriuretic peptide; eGFR, estimated
glomerular filtration rate; FGF-23, fibroblast growth factor-23; IGFBP7, insulin-like growth factor binding protein 7; IL, interleukin; INR,
international normalized ratio; KIM-1, kidney injury molecule-1; L-FABP, liver-type fatty binding protein; NAG, N-acetyl-B-D-glucosamine;
NGAL, neutrophil gelatinase-associated lipocalin; SCr, serum creatinine; TIMP-2, tissue inhibitor metalloproteinases-2; TNF, tumor

necrosis factor.

RAAS Blockers

The neurohormonal activation seen in HF makes RAAS
blockers a cornerstone therapy in the management of patients
with HF and reduced ejection fraction. These include renin
inhibitors, angiotensin-converting enzyme inhibitors (ACEISs),
angiotensin receptor blockers (ARBs), and mineralocorticoid
receptor antagonists (MRAs). However, RAAS blockers are
underused in those with HF and advanced CKD for fear of
worsening renal function and consequently adversely
affecting outcomes. Although much of the information
gleaned regarding the effect of RAAS blockers on CRS is
from posthoc analysis of trials, they offer important insight
on renal dysfunction in HF.

An example of the importance placed on the mechanism
for worsening renal function in HF patients with regard to
its predictability toward adverse outcomes can be observed
from the Studies of Left Ventricular Dysfunction (SOLVD)
trial, which revealed that although early worsening renal
function in the overall population was associated with
increased mortality, this was not the case for those treated
with an ACE-I (i.e., enalapril) as opposed to the placebo,
in which an early worsening of renal function in the presence
of an ACE-I was not associated with an adverse prognosis

in patients with cardiac dysfunction.”® Subsequent analysis
of this trial indicated proteinuria as an independent predictor
of hospitalization for CHF and mortality in patients with
diabetes and without diabetes who had left ventricular (LV)
dysfunction and that enalapril reduced proteinuria in
diabetic patients with LV dysfunction.** Similarly, although
a higher dose of losartan (150 mg vs. 50 mg) was associated
with an increased risk for an acute and chronic reduction
in eGFR in the HF end point evaluation of Angiotensin II
Antagonist Losartan (HEAAL) trial, there was a decreased
risk of hospitalization or death in the former group.”
Moreover, the Randomized Aldactone Evaluation Study
(RALES) trial evaluated patients with severe HF already
on an ACEI and loop diuretic and, although the addition
of spironolactone was associated with an increased risk of
hyperkalemia and decline in renal function versus placebo
in those with an already worse baseline renal function,
this group benefited the most with regard to all-cause
mortality.”® Given that the efficacious nature of RAAS
blockade in HF is well established, the use of multiple
RAAS blockers has been surmised but demonstrated to be
harmful when combining ACEIs and ARBs,”* including
those patients on hemodialysis.”* The same has been
described for the dual use of the renin inhibitor aliskiren
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with ACEIs or ARBs in those who are diabetic or have a
GFR less than 60 mL/min/1.73 m?, which has led to an
FDA warning.”

Conversely, the use of mineralocorticoid receptor antago-
nists (MRAs), including spironolactone and eplerenone in
association with ACEIs or ARBs in those with severe HF, has
shown to be more favorable,” although these patients should
be monitored closely and educated because of an added
propensity for hyperkalemia. In addition, this combination
of medications also offer added renoprotection with further
reduction of proteinuria and blood pressure.*

The dose of diuretic and propensity for hypotension in
patients with advanced HF strongly predict the risk of rise
in SCr values in those taking an ACEI; therefore initiating
lower doses of RAAS blocker would be beneficial.”

Diuretics

Fluid retention is a fundamental feature in HF,** and
although it may be overwhelmingly evident in CRS-1, the
chronic nature of volume overload in CRS-2 may manifest
in differing ways depending on patient characteristics,
including the status of renal dysfunction and HF. In addition,
although the worsening renal function in HF certainly may
be due to prerenal physiology, it can also decline in the
setting of volume overload, leading to improved overall
outcomes with treatment of the decompensated HF despite
a rise in SCr. Although diuretics are the first-line therapy
in the management of volume overload in those with HF
and typically involve loop diuretics and may include
potassium-sparing MRAs and thiazide diuretics, their
efficacy and safety has not been evaluated in RCTs, and
even their ideal doses are debatable.”

Certainly, many factors are involved regarding diuretic
effect on GFR in those with HF. Increases in SCr can be
attributed to a fall in cardiac output related to a decline in
cardiac filling pressures, whereas a decrease in SCr may
be attributed to a decline in intraabdominal and renal venous
pressures. In some cases, there may be no change in SCr
because the patient’s cardiac performance may be resting
on the flat portion of the Frank-Starling curve.

The classic objective of diuretic-based therapy is to
remove the extracellular fluid volume from the intravascular
space at a rate that allows for appropriate refilling from the
interstitial space, therefore avoiding intravascular depletion
and tissue underperfusion.’” Given the negative effects of
venous congestion on CKD progression, uptitration of
diuretics has been supported to improve cardiovascular
outcomes as well as overall survival,”** although this should
not be at the cost of causing hypovolemia, which will lose
any protective significance.”

The most apparent data with regard to diuretic therapy
and outcomes may be found in those with decompensated
HF; however, similar strategies can be inferred. For instance,
use of multiple diuretic classes (e.g., loop diuretic with
long acting thiazide and MRA) with a low sodium diet to
offset adaptation and therefore diuretic resistance can
enhance diuresis. Caution not to confuse diuretic resistance
with poor compliance is warranted.”” Should patients not
respond to maximal multidrug class therapy, then inpatient
use of intravenous (IV) diuretic bolusing or continuous
drip may be warranted.

The 2013 American College of Cardiology/American
Heart Association HF guidelines state that the definitive
goal of diuretic therapy is to eliminate clinical evidence
of fluid retention,”® which can be represented by an
elevated JVP and peripheral edema. However, such clinical

features may not adequately represent the true status of the
patient because peripheral edema may have only cosmetic
ramifications and not justify aggressive diuresis. Certainly,
hypotension and the development of contraction alkalosis
can indicate that patients are approaching their target
weight.

Cardiorenal Anemia Syndrome

Anemia is common in those with chronic HF* as well as
CKD when the GFR decreases below 60 mL/min/1.73 m?.
Although the mechanisms behind the anemia seen in CRS
may involve other complex mechanisms, it is associated
with increased morbidity and mortality in these patient
populations. The anemia in CKD is normocytic and nor-
mochromic and is largely secondary to decreased renal
production of erythropoietin as well as a decline in the
survival of red blood cells. Increased cytokine production
related to the HF, including tumor necrosis factor-alpha
(TNF-a),”” can antagonize the effect of erythropoietin by
directly inhibiting erythroid progenitor cells and also
through hepcidin-induced failure of iron absorption and
metabolism.” In addition, the use of ACEIs can decrease
erythropoietin production in a dose-related manner.*
Management of anemia in this setting should begin with
an evaluation of the possible underlying and reversible
causes, including obtaining iron studies, folic acid, and
vitamin B, levels as well as thyroid-stimulating hormone.**
Although treatment with erythropoietin-stimulating
agents (ESAs) has been found to improve the functional
cardiac class, exercise tolerance, ejection fraction, and
quality of life in this population of patients,*” the goal
hemoglobin (Hgb) level is debatable because higher levels
may not improve outcomes and consequently raise safety
concerns related to thromboembolic events.*' In fact, ensur-
ing that iron levels are optimized even with IV iron prepara-
tions can improve Hgb levels in CRS patients possibly
circumventing an immediate need for ESAs.*

OVER THE HORIZON

Cardiac Resynchronization Therapy

Intraventricular conduction delay can be seen in up to 20%
to 30% of those with symptomatic HF resulting in dys-
synchrony and reduction in pump performance.*’ A survival
benefit is seen in those patients with HF and CKD who are
responsive to cardiac resynchronization therapy (CRT), as
well as preservation and improvement of renal function in
some cases.*

Implantable Pulmonary Artery Pressure Sensor

CardioMEMS is currently the only FDA-approved miniatur-
ized, wireless monitoring sensor that is implanted in the
pulmonary artery to measure PA pressure directly. The
information can be submitted electronically to patients’
healthcare providers. The CHAMPION (CardioMEMS Heart
Sensor Allows Monitoring of Pressure to Improve Outcomes
in Class III HF) trial was a randomized, controlled, single-
blind trial that evaluated this device (active PA pressure-
guided monitoring group) with standard care versus standard
care with clinical assessment in 550 NYHA class III HF
patients. It showed that incorporation of active monitoring



led to targeted changes with a higher frequency of medication
titration and reduced HF hospitalizations.*’

CONCLUSION

CRS-2 involves a complex interaction between the heart
and kidney, resulting in the onset or progression of chronic
kidney disease resulting from chronic HF. However, having
CKD and HF is not enough to establish CRS-2 but rather a
temporal relationship between the occurrence of chronic
HF and a consequent onset or progression of CKD is required
and proves to be diagnostically challenging. However,
biomarkers that could accurately detect the early onset and
progression of CKD earlier than what is currently available
would yield promising identification, management, and
outcome utility. A rise in SCr in the setting of treatment
does not necessarily suggest CRS-2 progression or worse
outcomes.

Key Points

1. Cardiorenal syndrome type 2 (CRS-2) may be a
common but underrecognized clinical entity with
novel management considerations.

2. Arrise in serum creatinine with regard to treatment
with renin-angiotensin-aldosterone system inhibi-
tors or diuretics does not necessarily indicate
progression of CRS-2 or worse outcomes.

3. Biomarkers will potentially play an important role
in early diagnosis and management of CRS-2.

4. Cardiorenal anemia should be recognized early
and managed appropriately.
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