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Abstract

Cardiorenal syndromes (CRS) have been subclassi-
fied as five defined entities which represent clinical
circumstances in which both the heart and the kidney
are involved in a bidirectional injury and dysfunction
via a final common pathway of cell-to-cell death and
accelerated apoptosis mediated by oxidative stress.
Types 1 and 2 involve acute and chronic cardiovascular
disease (CVD) scenarios leading to acute kidney injury
or accelerated chronic kidney disease. Types 2 and 3
describe acute and chronic kidney disease leading pri-
marily to heart failure, although it is possible that acute
coronary syndromes, stroke, and arrhythmias could be
CVD outcomes in these forms of CRS. Finally, CRS type
5 describes a simultaneous insult to both heart and
kidneys, such as sepsis, where both organs are injured
simultaneously. Both blood and urine biomarkers are
reviewed in this paper and offer a considerable opportu-
nity to enhance the understanding of the pathophysiol-
ogy and known epidemiology of these recently defined
syndromes.
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INTRODUCTION

Both cardiac and renal diseases commonly present in the
same patient and have been associated with increased
costs of care, complications, and mortality[l’zl. Cardiorenal
syndromes (CRS), describing the dynamic inter-relation-
ship between heart and kidney malfunction have been
defined in a recent consensus process by the Acute Di-
alysis Quality Initiative (ADQI)". This has generated five
distinct syndromes upon which the epidemiology of CRS
can be described. This paper will review this new clas-
sification and give concrete examples of each CRS, and
discuss the available data on incidence and risk predictors.
Finally, a succinct review of promising biomarkers will be
presented that are very likely to change the described CRS
epidemiological literature as we know it, based largely
upon the measurement of a single blood biomarker-
serum creatinine.

CLASSIFICATION OF CARDIORENAL
SYNDROMES

The term cardiorenal syndromes suggests the presence of
multiple syndromes with subtypes denoted by dysfunc-
tion of the principal organ (cardiac or renal or both) as
well as the relative acuity of the condition. Both organs
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must have or develop pathological abnormalities to fulfill
the criteria for definition. The umbrella term “cardiorenal
syndromes” was defined as “Disorders of the heart and
kidneys whereby acute or chronic dysfunction in one ot-
gan may induce acute or chronic dysfunction of the oth-
er”. Five subcategories of CRS are given below. Proposed
pathophysiological mechanisms are described in Figure 1
for each syndrome.

POORLY LIGANDED, LABILE, CATALYTIC
IRON AS THE BASIS OF OXIDATIVE
STRESS REACTIONS

As shown in Figure 1, it has been recently determined
that the process of oxidative stress resulting in cell dys-
function, accelerated apoptosis, and cell death is reliant
on the cytosolic and extracellular presence of labile or
catalytic iron. There are several steps in generation of re-
active oxygen species (ROS). Oxygen may be reduced to
form superoxide anion, which can then either dismutate
or go through another reduction reaction by superoxide
dismutase to form hydrogen peroxide which itself can
then be reduced through several pathways. Overall, the
net Fritz-Haber reaction is slow and in the presence of re-
duced transition metals such as ferric iron (Fe’*), a Haber-
Weiss reaction results in the formation of the highly dam-
aging hydroxyl radical from the superoxide anion. Then in
the presence of ferrous iron (Fe”"), a Fenton-type reaction
converts hydrogen peroxide to the highly damaging hy-
droxyl radical. Further reduction of the hydroxyl radical
finally ends in the formation of water. It has been theo-
rized that a common element to all forms of oxidative
stress in the heart and kidneys involves the availability of
unbound iron”. The body has an intricate management
system for iron metabolism keeping it bound in transport
proteins, heme, and cellular organelles for normal func-
tioning™”. If small amounts of iron are released from
adjacent injured cells and not bound, this pootly ligan-
ded (labile or catalytic) iron in either the ferric or ferrous
states, can facilitate the rapid generation of oxygen free
radicals and the propagation of oxidative stress and injury
across regions of vascular tissue”. Thus, it is possible that
the fundamental pathophysiological basis for CRS is the
loss of control over normal iron management after insults
to either the heart or the kidneys in the form of hypoxia,
chemotoxicity, or inflammation.

It has been interesting to note that intravenous infu-
sions of iron in the form of iron dextran, iron sucrose,
iron gluconate, and iron dextrin (polymaltose) have been
proposed as a treatment for anemia in patients with heart
failure. While in general the trials have demonstrated im-
provement in either anemia, symptoms, or both, there
are as yet no published outcomes data. Several studies
have demonstrated that intravenous infusions of iron in
normal volunteers and hemodialysis patients have resulted
in a transient 3-4 fold rise in systemic levels of catalytic
iron”"", The clinical consequences of iron infusions and
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catalytic iron in heart failure (HF) patients, if any, are un-
known at this time.

CATEGORIES OF SYNDROMES

The broad and most important concepts of CRS include
the following: (1) bidirectional organ injury or malfunc-
tion; (2) an inciting event for acute CRS; and (3) a precipi-
tous decline in function for acute or chronic CRS.

Acute cardiorenal syndrome
Acute cardiorenal syndrome (CRS Type 1): acute decom-
pensation of cardiac function leading to acute renal fail-
ure. This is a syndrome of worsening renal function that
frequently complicates acute decompensated heart failure
(ADHF) and acute coronary syndrome (ACS). Seven ob-
servational studies have reported on the frequency and
outcomes of CRS Type 1 in the setting of ADHF and
five in ACS™. Depending on the population, 27%-40%
of patients hospitalized for ADHF develop acute kidney
injury (AKI) as defined by an increase in serum creatinine
of = 0.3 mg/dL">". Risk predictors for this complica-
tion include reduced baseline renal function, diabetes, and
prior HE'" These patients experience more complicated
hospital courses, longer inpatient stays, and higher mortal-
ity. In the Prospective Outcomes Study in Heart Failure
(POSH) study, only in those with ADHF and a hospital
course complicated by circulatory shock, hypotension,
cardiac arrest, sepsis or ACS, a rise in serum creatinine did
confer a higher 6-mo mortality" . Conversely, those with
an increase in serum creatinine of = 0.3 mg/dL but no
other complications did not have higher mortality in the
hospital, at 30 or 180 d. Thus, much of CRS Type 1 mor-
tality is confounded by a complicated course and AKI.
Importantly, it has been noted that CRS Type 1 in ADHF
rarely occurs in the prehospital phase, and is observed
after hospitalization, implying that some factor associated
with hospitalization, namely diuresis, precipitates CRS.
The use of loop diuretics, probably by further activation
of the renin-angiotensin system and possibly worsening
intra-renal hemodynamics, have been identified as one
of the modifiable in-hospital determinants of CRS Type
1", Testani e ai'” have recently shown in the Evaluation
Study of Congestive Heart Failure and Pulmonary Artery
Catheterization Effectiveness (ESCAPE) trial that the use
of higher doses of loop diuretics, causing hemoconcentra-
tion, resulted in a 5-fold increased rate of worsening renal
function. However, in this prospective trial of hemody-
namic monitoring, aggressive diuresis was associated with
a 69% reduction in mortality at 180 d. Several studies have
now linked the presence of an elevated central venous
pressure and renal venous congestion to the development
of CRS Type 1, thus, the relative balance of venous and
arterial tone and congestion of the kidney appear to be
important in the drop in renal filtration that occurs during
hospitalized treatment of ADHF"",

The other major clinical scenario where CRS Type 1
develops is in the setting of urgent or elective coronary
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Figure 1 Pathophysiology and definitions of the five subtypes of cardiorenal syndromes. CVP: Central venous pressure; GFR: Glomerular filtration rate; BNP:
Brain natriuretic peptide; ANP: Atrial natriuretic peptide; RAAS: Renin-angiotensin-aldosterone system ; ADHF: Acute decompensated heart failure; ACS: Acute coro-
nary syndrome; CKD: Chronic kidney disease; CVD: Cardiovascular disease; ATN: Acute tubular necrosis; CI-AKI: Contrast-induced acute kidney injury; CSA-AKI:
Cardiac surgery-associated AKI; CHF: Chronic heart failure; LVH: Left ventricular hypertrophy; EPO: Erythropoietin; LPS: Lipopolysaccharide.

revascularization for acute or chronic coronary disease.
Acute contrast-induced and cardiopulmonary bypass sut-
gery-associated AKI occur in 15% and 30% of patients,
respectively“s’l()]. Importantly, iodinated contrast which
causes renal vasoconstriction and direct cellular toxicity to
renal tubular cells is an important pre-existing factor in the
few days before cardiac surgery. Cardiac surgery exposes
the kidneys to hypothermic, pulseless reduced perfusion
for 30-90 min, and thus represents a superimposed isch-
emic injury in the setting of a pro-inflammatory state”™,
It is possible that the extracorporeal circuit used in cardio-
pulmonary bypass surgery activates systemic factors that
further induce AKI; however, attempts to limit this ex-
posure have not resulted in significantly reduced rates of
AKI®". Thus, these two scenatios are tightly linked, since
almost every cardiac surgery patient operated upon in
the urgent setting undergoes coronary angiography in the
hours to days before surgerylzz]. As with ADHE, CRS Type
1 in acute and chronic coronary disease has a confounded
relationship with outcomes. In those with complications,
CRS Type 1 appears to be independently associated with
a 3 to 4-fold increase in mortality despite the availability
of dialysis in the hospital”**". In all forms of CRS Type 1,
there is a tisk of advancing to higher stages of CKD and
ultimately the need for chronic renal replacement strate-
gies™. The incremental and cumulative risk of these renal
outcomes according to the clinical scenarios described
above for an individual patient are unknown. Thus the im-
portant points concerning the epidemiology of CRS Type
1 are: (1) the mortality risk appears to be confounded by
other non-renal complications occurring during the hospi-
talization; (2) intravascular iodinated contrast alone, and in
cases where cardiac surgery follows coronary angiography,
direct cellular toxicity from the contrast itself results in an
observed rise in serum creatinine predominately in those
with baseline reductions in renal filtration with additional
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risk factors, including diabetes, heart failure, older age, and
larger contrast volumes; and (3) in the setting of ADHE,
superimposed use of iodinated contrast or other cardiac
procedures is associated with longer lengths of stay and
higher mortality which is possibly in part, attributable to
CRS Type 1¥%,

Chronic cardiorenal syndrome

Chronic cardiorenal syndrome (CRS Type 2): chronic
abnormalities in myocardial function leading to worsened
chronic kidney disease (CKD). This subtype implies that
chronic CVD can contribute to the development of CKD.
Six observation studies have reported on CRS Type 2,
with a minority of reports teporting on CVD contributing
to an excess risk of CKD". It is recognized that the risk
factors for atherosclerosis, namely diabetes, hypertension,
and smoking are independently associated with the devel-
opment of CKD™, In addition, chronic abnormalities in
systolic and diastolic myocatdial performance can lead to
alterations in neurohormonal activation, renal hemody-
namics, and a vatiety of adverse cellular processes leading
to apoptosis and renal fibrosis””. Approximately 30% of
those with chronic cardiovascular disease (CVD) meet a
definition of CKD, and multiple studies have demonstrat-
ed the independent contribution of CVD to the worsen-
ing of CKD"". An important component of CRS Type
2 epidemiology is that CKD appears to accelerate the
course of atherosclerosis and result in premature CVD
events including myocardial infarction and stroke™*.
Importantly, CKD and its metabolic milieu wotk to cause
advanced calcific atherosclerosis through CKD mineral
and bone disorder charactetized by phosphate retention,
relative vitamin D and calcium availability, and secondary
hyperparathyroidism™. Of these factors, phosphate re-
tention appears to be the critical pathophysiological com-
ponent stimulating the conversion of vascular smooth
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muscle cells to osteoblastic-like cells which, »iz the Pit-1
receptor, are stimulated to produce extracellular calcium
hydroxyapatite crystals in the vascular smooth muscle
layer of arteries™. Thus, patients as a part of CRS type 2,
more commonly have vascular calcification, less vascular
compliance, and a higher degree of chronic organ injury
related to blood pressure elevation and shear stress?.
Despite these mechanisms specific to CRS, CRS Type 2
remains heavily confounded by the “common soil” of
atherosclerosis and CKD. The cardiometabolic syndrome
and neurohormonal activation affect both organ systems;
thus, it is difficult to tease out the temporal sequence of
pathophysiological events for most individuals which are
occurring over the period of decades™

Studies have shown that 45.0%-63.6% of patients with
chronic HF have evidence of CKD defined as an esti-
mated glomerular filtration rate (e¢GFR) < 60 mL/min per
1.73 m™, Multiple studies have demonstrated that CKD
is closely linked to more frequent hospitalizations and
complications from pump failure and arrhythmias™*", Tn
addition, patients with CKD and end-stage renal disease
have higher defibrillation thresholds and may not have the
protective benefit of implantable cardio defibrillators as
those with normal renal function™. Increased degrees of
left ventricular hypertrophy and cardiac fibrosis are be-
lieved to be4;£]he biologic basis for these electrophysiologi-

cal findings'

Acute renocardiac syndrome

Acute renocardiac syndrome (CRS Type 3): acute worsen-
ing of renal function leading to cardiac events. The most
common scenario for CRS Type 3 is the development of
AKI that results in volume ovetload, sodium retention,
neurohormonal activation, and the development of clini-
cal HF with the cardinal features of pulmonary conges-
tion and peripheral edema. Volume overload alone has
been shown to induce cardiac failure and reflect CRS Type
3 most clearly in the pediatric populationm]. However, in
adults, when acute on chronic disease is a common occut-
rence, it is difficult to identify clear cases where AKI lead
to cardiac decompensation. It is also possible that CRS
Type 3 could precipitate in an acute coronary syndrome,
stroke, or other acute cardiac event. Thus the epidemiol-
ogy of this CRS subtype is not well defined for individual
CVD events such as ACS, stroke, cardiac rehospitaliza-
tion, arrhythmias, pump failure, and cardiac death™.

Chronic renocardiac syndrome

Chronic renocardiac syndrome (CRS Type 4): chronic
renal disease leading to the progression of cardiovascu-
lar disease. Over the past several decades there has been
recognition of a graded and independent association
between the severity of CKD and incidence as well as
prevalence of CVD". In a meta-analysis of 39 studies
(1371990 participants), there was a clear relationship
between the degree of renal dysfunction and the risk
for all-cause mortality[45‘. The unadjusted relative risk of
mortality in participants with reduced kidney function
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was In excess of the reference group in 93% of cohorts.
Fourteen of the 39 studies described the risk of mortality
from reduced kidney function, after adjustment for other
established risk factors. Although adjusted relative hazard
ratios were on average 17% lower than unadjusted relative
risks, they remained significantly greater than unity in 71%
of cohorts. The overall mortality was influenced greatly by
excess cardiovascular deaths, which constituted over 50%
of cases. Thirteen studies have been identified as specifi-
cally reporting on CRS Type 4, most of which were in
populations with end-stage renal disease!”. It should also
be recognized, that CKD contributes to CVD outcomes
in CRS Type 4 by complicating pharmacological and in-
terventional treatment”**". For example, azotemia and
hyperkalemia restrict the use of drugs that antagonize the
renin-angiotensin system, thus fewer patients with CKD
enjoy the cardiovascular benefits of angiotensin convert-
ing enzyme inhibitors, angiotensin Il receptor antago-
nists, and aldosterone receptor blockers"™*". Tt has been
shown that CKD also worsens the presentation, severity,
response to treatment, and cardiorenal outcomes in acute
and chronic hypertension[SO’S]J. In addition, the perceived
risks of AKI lead patients with CKD towards conserva-
tive management strategies which have been associated
with poor outcomes in the setting of both acute and
chronic coronary artery disease™. Finally, a recent study
of silent brain injury (asymptomatic cerebral infarctions
by magnetic resonance imaging) has been associated with
a rapid decline in renal function in approximately 30% of
patients[s‘ﬂ. This suggests the possibility that cerebrovas-
cular disease could in some way contribute to more rapid
progression of CKD.

Secondary cardiorenal syndrome

Secondary cardiorenal syndrome (CRS Type 5): systemic
illness leading to simultancous heart and renal failure. It is
recognized that a systemic insult, particulatly in a younger
patient with no prior heart or kidney disease, can lead to
simultaneous organ dysfunction. This is almost always
in the setting of critical illness such as sepsis, multiple
trauma, or burns. There are limited data on the incidence
and determinants of CRS Type 5, in part because of
confounders such as hypotension, respiratory failure, liver
failure, and other organ injury beyond the cardiac and
renal systems. This results in a difficult human model for
investigation. Sepsis as a precipitator of CRS Type 5 is
common and its incidence is increasing, with a mortal-
ity estimated at 20%-60%"*". Approximately 11%-64%
of septic patients develop AKI that is associated with a
higher morbidity and mortality™. Abnormalities in car-
diac function are also common in sepsis including wall
motion abnormalities and transient reductions in left ven-
tricular ejection fraction”. Observational data have found
approximately 30%-80% of individuals with sepsis have
measurable blood troponin T or T' that are above the 99"
detection limits™. These elevated cardiac biomarkers have
been associated with reduced left ventricular function and
higher mortality even in patients without known coronary
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Biomarker Mechanism of action Advantages Diagnostic Potential
approach therapeutic
approaches
Catalytic Leads to generation of the hydroxyl radical, the most In patients with ACS, the appearance of ~Detection of Use of iron
(labile, poorly- destructive of ROS; released into the blood in patients catalytic iron precedes the rise in serum non-transferrin- chelators to

liganded) iron

NGAL
(lipocalin-2,
siderocalin)

Cystatin C

KIM-1

NAG

IL-18

L-FABP

with ACS* thought to be involved in oxidative
organ damage also in AKI™; local cellular and tissue
availability of catalytic iron are likely to determine
the degree and severity of organ injury in the setting
of most hypoxic and other toxic insults'®”

Natural siderophore produced by renal tubular
cells that reduces the availability of catalytic iron,
thus limiting oxidative damage and limiting
bacterial growth

Cysteine protease inhibitor (housekeeping protein)
produced by all nucleated cells that is freely filtered
by the glomerulus and reabsorbed in the proximal
tubule; no tubular secretion

Transmembrane glycoprotein not normally detected

[, detected in urine early after ischemic or
69]

in urine
nephrotoxic injury to cells of the proximal tubule'

Large lysosomal brush-border enzyme found in cells
of the proximal tubule, not normally filtered by the
glomerulus; elevated concentrations found

in urine in the setting of AKI, CKD, diabetes
mellitus, hypertension and heart failure”!
Pro-inflammatory cytokine found in urine after acute
ischemic damage to proximal tubules”; associated
with AKI-related mortality, although not organ-
specific"®; might be involved in myocardial cell
damage in the setting of ACS™

Selectively binds free unsaturated fatty acids and

products of lipid oxidation in cells in the setting of

troponin and detects acute myocardial
infarction with an area under the ROC
curve of > 90% "

One of the earliest kidney markers of
cardiac and renal injury in animals®;
detected in humans shortly after AKI and
predicts need for in-hospital dialysis*!
Not dependent on muscle mass; better
predictor of risk of adverse events in
patients with CVD than creatinine or
eGFR™

Highly specific for AKI caused by
systemic illnesses such as sepsis and not
for pre-renal azotemia or drug-induced
renal injury'®’; May be elevated before
histologic evidence of proximal tubular
cell death!™

Marker of the degree of tubular damage

Sensitive and specific to detect ischemic
AKI with an area under the ROC curve
of 0.78"); levels rise 48 h before those of

P 68]
creatinine'

Might predict dialysis-free survival in
patients with AKI"

bound iron
in blood by
the bleomycin

assay[“]

Detection in
blood and

urine!®”!

Detection in

blood

Detection in
urine

Detection in

urine

Detection in
urine

Detection in
urine

diminish oxidative

0.q [66]
injury

Overexpression
reduces oxidative
stress in ischemic
s 1671
injury’

Inhibitors expressed
in stem cells are
protective in
models of myocyte
injurym'

hypoxic tissue injury; detected in the urine in the
setting of AKI"!
Tubular Several enzymes, such as gamma glutamyl
enzymuria transpeptidase, alkaline phosphatase, lactate
dehydrogenase, and a and 11 glutathione

S-transferases are released from tubular cells”*”"

A combination of measures of enzyme
levels could potential indicate the

Detection in -

urine

presence and location of kidney injury"””

eGFR: Estimated glomerular filtration rate; KIM-1: Kidney injury molecule 1; IL-18: Interleukin-18; L-FABP: Liver-fatty acid binding protein; NAG:
N-acetyl-B-(D)glucosaminidase; NGAL: Neutrophil gelatinase-associated lipocalin; ROC: Receiver operating characteristic; ROS: Reactive oxygen species.

. 59-
disease

o, Importantly, volume overload as a result of
aggressive fluid resuscitation appears to be a significant
determinant of CRS Type 5. Among 3147 patients en-
rolled in the Sepsis Occurrence in Acutely Ill Patients
(SOAP), there was a 36% incidence of AKI, and volume
overload was the strongest predictor of mortality™. Tat-
rogenic volume overload appears to play an important
additional role, possibly along the lines described for CRS
Type 1 and passive venous congestion of the kidney, in
the pathogenesis of AKI. At the same time, volume over-
load increases left ventricular wall tension and likely con-
tributes to cardiac decompensation in those predisposed
to both systolic and diastolic HF*”. In summary for CRS
Type 5, both AKI and markers of cardiac injury followed
by volume ovetload ate common in sepsis, with each be-
ing associated with increased mortality. However, there is
a current lack of integral information on the incidence of
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bidirectional organ failure and its pathophysiological cot-
relates in a variety of acute care settings.

BIOMARKERS OF CARDIORENAL
SYNDROMES

There is considerable interest in blood and urine biomark-
ers to detect CRS. For decades, the rise in serum creati-
nine has been the only detectable sign of a reduction in
glomerular filtration. Creatinine has had the disadvantages
of being linked to creatine and overall body muscle mass,
hence varying according to body size in addition to the
rate of renal elimination". Furthermore, the kidney both
filters and secretes creatinine. Finally, the assays used to
measure creatinine have not be standardized across labo-
ratoties, therefore studies reporting values from multiple
centers have inherent variation in values attributed to dif-
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ferences in measurement techniquem, Hence, there is a
clear need for better laboratory markers of renal filtration.
An ideal marker would be independent of muscle mass,
reflect actual renal filtration at the time of measurement,
and be sensitive to changes in actual GFR in order to alert
clinicians to a meaningful change shortly after it occurs.

Unlike cardiac biomarkers indicating myocardial injury
and overload (troponin, creatine kinase myocardial band,
natriuretic peptides), the field of nephrology has been
devoid of approved blood or urine markers of AKI. Thus
the current paradigm is that when renal injury occurs, cli-
nicians must wait to observe a reduction in GFR before
AKI is inferred. The concept of measuring markers of
the acute injury process is crucial to the early upstream
identification of AKI before there is setious loss of organ
function®”. Table 1 is a summary of relatively novel renal
markers and what is known about them in acute cardiac
and renal injury. Their use in the years to come will un-
doubtedly influence the epidemiology of CRS.

IMPACT ON HOSPITAL MEDICINE

Cardiorenal syndromes as described in this paper are not
spontaneous or primary conditions that atise in free-living
populations. Acute CRS appears to occur once hospital-
ization and its associated care have occurred. Thus, there
are determinants and clear precipitants to these syndromes
that are potentially controllable by clinicians. Improved
education and awatreness concerning the risk factors and
presence of CKD holds great promise for patients and
clinicians to avoid contributors to CRS such as excess
sodium intake, and use of intensive loop diuretics, non-
steroidal anti-inflammatory agents, thiazolidinediones, and
iodinated contrast. The National Kidney Foundation Kid-
ney Early Evaluation Program is a nationwide and now
global community-based screening program that evaluates
volunteers for CKD and its risk factors, with effective
education for participants and their physiciansm. This
program, as it evolves and broadens, has a considerable
opportunity to lessen the frequency of avoidable CRS in
the future by spurring community awareness and clinical
appreciation for CKD. Finally, the most important public
health question concerning this field is wether or not a
lessening of the frequency or severity of AKI will reduce
hospital length of stay, cardiovascular, renal, and all-cause
morbidity and mortality. Large scale clinical trials of pre-
ventive therapies that consign broad composite primary
endpoints with biomarkers as secondary endpoints are
needed to answer this pivotal question.

CONCLUSION

The ADQI consensus on CRS has yielded a framework
for a better understanding of the epidemiology of the five
subtypes of CRS". A description of the epidemiology of
the heart-kidney interaction is critical to our understand-
ing of the overall disease burden associated with these
specific CRS subtypes, and will guide future investigations
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into their pathophysiology, diagnosis, prognosis, and man-
agement. Recent studies have identified and characterized
several novel biomarkers for HF and AKI. These advanc-
es will herald better understanding, diagnosis, and treat-
ment of CRS. It is anticipated that these biomarkers will
help make an earlier diagnosis of CRS possible, as well as
identify the specific type of CRS. It is hoped that some
of these new biomarkers will either provide sufficient risk
prediction or early diagnosis of all patients for novel pre-
ventive and treatment strategies to ameliorate the course
of CRS, and subsequently, the long-term outcome.
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