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CHAPTER 110 

Classification of Cardiorenal Syndrome
Luca Di Lullo and Antonio Bellasi

OBJECTIVES
The chapter will:
1.	 Provide an overview of cardiorenal syndrome (CRS) 

classification.
2.	 Briefly review cardiorenal syndromes definitions and clinical 

implications.
3.	 Focus on main pathophysiologic features of each CRS.

Large numbers of hospitalized patients have various degrees 
of heart and kidney dysfunction1; primary disease of the 
heart or kidney often involves dysfunction of or injury to 
the other.2 Based on this organ cross-talk, the term cardio-
renal syndrome (CRS) was proposed.3 Although CRS usually 
was referred to as an interruption of kidney function after 

heart injury,4 it is now clearly established that it can describe 
negative effects of an impaired renal function on the heart 
and circulation.5,6

DEFINITION OF CARDIORENAL SYNDROME

According to the recent definition proposed by the consensus 
conference of the Acute Dialysis Quality Initiative Group,7 
the term cardiorenal syndrome has been used to define 
different clinical conditions in which heart and kidney 
dysfunction overlap. The heart and kidney are involved in 
basic physiology, and their functions are linked closely. 
Although the heart provides nourishing and oxygen-rich 
fluids to all body areas, the kidney is accountable for provid-
ing fluid, electrolytes, and acid-base homeostasis together 
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those with ST myocardial infarction and/or reduced left 
ventricular ejection fraction.12

AKI is a well-known complication in patients hospitalized 
for ADHF; up to 45% patients require more complex 
management because of higher mortality rates. Preliminary 
observations point out the importance of timing in the 
development of AKI and its early diagnosis.

Hemodynamic mechanisms play a major role in type 
– 1 CRS in the presence of ADHF leading to decreased 
renal arterial flow and glomerular filtration rate (GFR) 
decline. Different hemodynamic profiles have been pro-
posed13: in “cold” pattern patients, reduction in effective 
circulation fluid volume (ECFV) represents the main 
hemodynamic change, although there is a marked increase 
in central venous pressure (CVP) in “wet” pattern patients.

“Cold” patients also have a decrease in renal blood flow 
related to the renin-angiotensin-aldosterone system (RAAS) 
and systemic nervous system activation, causing afferent 
vasoconstriction, decreased renal blood flow, and effective 
glomerular perfusion pressure. Patients who have a “wet” 
hemodynamic profile display increased pulmonary and/or 
systemic congestion. In these patients, high CVP directly 
affects renal vein and kidney perfusion pressure.14,15 A CVP 
increase also results in increased interstitial pressure with 
tubular collapse and progressive decline in GFR.16

Nonhemodynamic mechanisms also were proposed as 
involved in type – 1 CRS, including sympathetic nervous 
system (SNS) and RAAS activation, chronic inflammation, 
and imbalance in the proportion of reactive oxygen species 
(ROS) to nitric oxide (NO) production. Several pathophysi-
ologic processes contribute to perpetuating AKI, including 
endothelial and epithelial cell death with a primary role 
for apoptotic mechanisms resulting from renal ischemia 
and toxic injury.17

with neurohormonal activity (erythropoietin synthesis and 
vitamin D activation).

A clear classification of CRS is crucial as its correct 
application is required, offering an exciting challenge for 
nephrologists and cardiologists, who have to contaminate 
their own fields of applications. An effective classification 
of CRS has been proposed in a consensus conference by 
the Acute Dialysis Quality Group7 in 2008 (Table 110.1). 
This classification essentially divides CRS in two main 
groups, cardiorenal and renocardiac CRS, on the basis of 
primum movens of disease (cardiac or renal). Cardiorenal 
and renocardiac CRS then are divided into acute and chronic, 
according to disease’s onset. Type – 5 CRS integrates all 
cardiorenal involvement induced by systemic disease.

CARDIORENAL SYNDROME TYPE – 1  
(ACUTE CARDIORENAL SYNDROME)

Type – 1 CRS (acute cardiorenal, CRS-1) is characterized  
by acute worsening of cardiac function leading to acute 
kidney injury (AKI).8,9 Type – 1 CRS usually occurs in the 
setting of an acute cardiac disease such as acute decom-
pensated heart failure (ADHF) often after an ischemic (acute 
coronary syndrome, cardiac surgery complications) or 
nonischemic heart disease (valvular disease, pulmonary 
embolism) (Fig. 110.1).

Type – 1 CRS occurs in about 25% of patients hospitalized 
for ADHF10,11; among these patients a preexistent chronic 
kidney disease is common and contributes to AKI in 60% 
of all cases studied. AKI can be considered an independent 
mortality risk factor in acute ADHF patients, including 

TABLE 110.1 

Classification of Cardiorenal Syndrome

TYPE1 DENOMINATION DESCRIPTION EXAMPLE

1 Acute cardiorenal Heart failure leading to AKD Acute coronary syndrome leading to acute 
heart and kidney failure

2 Chronic cardiorenal Chronic heart failure leading to kidney failure Chronic heart failure
3 Acute nephrocardiac AKD leading to acute heart failure Uremic cardiomyopathy AKD-related
4 Chronic nephrocardiac Chronic kidney disease leading to heart failure Left ventricular hypertrophy and diastolic 

heart failure resulting from kidney failure
5 Secondary Systemic disease leading to heart and kidney 

failure
Sepsis, vasculitis, diabetes mellitus

Natriuresis

Cytokines

Apoptosis

Acute
cardiac
event
• ADHF

• ACS

• Iodinated
contrast
procedures

• Cardiac surgery

Hemodynamically mediated damage
(increased CVP, renal venous congestion)

Exogenous factors
(contrast media, diuretics)

Humorally mediated damage
(RAAS and SNS activation)

Natriuretic peptide
resistance

Systemic oxidative stress
(labile iron generates reactive oxygen species)

Acute kidney
injury
• ↓ O2 delivery

• Hypoxia

• ↓ GFR

• Necrosis/apoptosis

• Resistance 
ANP/BNP

Acute cardiorenal syndrome (Type – 1)

FIGURE 110.1  Pathophysiology of type – 1 cardiorenal syndrome. 
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injury or dysfunction; the temporal relationship between 
heart and kidney disease is an epidemiologic and patho-
physiologic aspect of the definition. Literature data show 
that chronic heart and kidney disease often coexist, but 
large cohort studies assess the onset of one disease (e.g., 
chronic HF) subsequently describing the prevalence of the 
other (chronic kidney disease [CKD]).30,31 It is difficult to 
establish which of the two diseases is primary versus second-
ary. CKD has been observed in 45% to 63% of CHF 
patients,30–32 but it is unclear how to classify these patients, 
often including those shifting from a clinical condition of 
type – 1 CRS. At the same time it is not easy to recognize 
these patients from type – 4 CRS.32

Worsening of renal function is different in acute or 
chronic HF patients: chronic heart failure is characterized 
mainly by renal hypoperfusion resulting from vascular 
(micro- and macro-) disease. At the present time there seems 
to be no clear relationship between measured glomerular 
filtration rate (GFR) and left ventricular ejection fraction 
(LVEF), although patients with low estimated GFR show 
lower LVEF.33 Concerning pathophysiology of type – 2 CRS, 
renal congestion and hypoperfusion together with increased 
right atrial pressure represent some of the cornerstones in 
renal dysfunction of chronic heart failure patients34 (Fig. 
110.2). More recently, there is an increasing interest in 
the role of erythropoietin deficiency contributing to more 
pronounced anemia’s degree than renal dysfunction could 
explain.35 Erythropoiesis-stimulating agents (ESA) therapy 
in patients with HF, CKD, and anemia lead to improved 
cardiac function with reduction in left ventricle size and 
volume, whereas diuretic therapy improves fluid reten-
tion and patients’ New York Heart Association (NYHA)  
scores.36

CARDIORENAL SYNDROME TYPE – 3 (ACUTE 
RENOCARDIAC SYNDROME)

Type – 3 CRS or acute renocardiac CRS occurs when AKI 
contributes to and/or precipitates development of acute 
cardiac injury. AKI may produce directly or indirectly an 
acute cardiac event, and it can be associated to volume 
overload, metabolic acidosis, and electrolytes disorders (i.e., 
hyperkalemia and/or hypocalcemia); coronary artery disease, 
left ventricular dysfunction, and fibrosis also have been 
described in patients with AKI with direct negative effects 
on cardiac outcomes.37,38 A wide spectrum of cardiac 
dysfunction includes ADHF, acute coronary syndrome (ACS), 
arrhythmias as defined by RIFLE (risk, injury, failure, loss, 
end-stage kidney disease), and AKIN (Acute Kidney Injury 
Network) criteria.39,40

Defining incidence and prevalence of type – 3 CRS is 
difficult because of the lack of epidemiologic data at the 
present time, although it is possible to collect data derived 
from single population studies; among them a 2147 per 
million population AKI incidence was reported in a northern 
Scotland population-based study.41

In a more recent retrospective study following traumatic 
disease, cardiac arrest was reported as a cause of death in 
20% of patients. Other causes of death include cerebrovas-
cular accidents (46%), sepsis (17%), multiple organ dysfunc-
tion syndrome (7.3%), and respiratory insufficiency (3.2%).42

Cardiac failure is certainly the most common cause of 
death in end-stage renal disease patients43 with a higher 
incidence than hepatic failure, massive transfusion, older 
age (>60 years), and respiratory and neurologic failure.44

Sera from type – 1 CRS patients show high levels of 
proinflammatory cytokines and proapoptotic agents.18 Frag-
mentation of renal tubular cells’ genomic DNA represents a 
biochemical hallmark of apoptosis, an irreversible process 
leading to cell death.19 The final pathway of apoptotic process 
is characterized by phagocytosis of apoptotic bodies.19

Oxidative stress is a hallmark of type – 1 CRS, as evi-
denced by a significant increase in circulating ROS and 
reactive nitrogen species (RNS) coupled with increased 
expression of interleukin-6 (IL-6).20

Gut underperfusion and endotoxin release in patients 
with ADHF also have been proposed as pathophysiologic 
mechanisms accelerating the progression of heart failure 
(HF) and CRS.21

Diagnosis of type – 1 CRS focuses on laboratory findings 
and ultrasonography and/or second level radiologic assays. 
Early diagnosis of AKI in type – 1 (such as in type – 3) 
CRS still remains a challenge22; classic biomarkers, such 
as creatinine levels, increase when kidney injury already 
is established and prevention fails. New frontiers are 
represented by novel biomarkers such as serum and urinary 
neutrophil gelatinase-associated lipocalin (NGAL), cystatin 
C, kidney injury molecule-1 (KIM-1), interleukin-18 (IL-18), 
and liver-type fatty acid binding protein (L-FABP).23,24

Together with laboratory diagnosis, type – 1 CRS can be 
diagnosed also by bioelectrical devices, especially concerning 
fluid assessment in those patients. Several clinical studies 
showed an association between decreased impedance values 
(increased body fluid volume) and adverse events such as 
rehospitalization and death; bioimpedance measurement also 
allows clinicians to distinguish cardiogenic dyspnea from 
noncardiogenic.25,26 High sensitivity and specificity of reduced 
bioimpedance’s values were confirmed by radiographic 
findings consistent with pulmonary edema.27

Ultrasonography can provide further elements for type 
– 1 CRS diagnosis; echocardiographic typical findings are 
represented by abnormal myocardial kinetics (indicating 
an ischemic condition) and left ventricular hypertrophy, 
valvular stenosis, and/or regurgitation (particularly in the 
case of rapid deterioration, such as valvular endocarditis 
or valvular rupture), pericardial effusions, normal inspiratory 
collapse of the inferior vena cava (excluding severe hyper-
volemia), aortic aneurysms, or dissection.28

The kidneys’ ultrasonographic evaluation usually shows 
normal or larger dimensions with preserved cortical-
medullary ratio; color Doppler evaluation shows regular 
intraparenchymal blood flow, often associated with raised 
resistance index (>0.8 cm/sec).28

Renal function often improves in response to standard 
therapy aimed to reduce filling pressures with loop diuretics 
and nitrates in warm and wet ADHF patients with AKI at 
presentation. Usually, angiotensin-converting enzyme (ACE) 
inhibitors are titrated upward slowly during the course of 
hospitalization. The hemodynamic effect of ACE inhibitors 
and its associated drop in filtration pressure, as well as 
“prerenal” kidney dysfunction resulting from the reduction 
in ECFV associated with intensified therapy with loop 
diuretics, may be the primary mechanisms underlying AKI 
development during hospitalization.29

CARDIORENAL SYNDROME TYPE – 2 
(CHRONIC CARDIORENAL SYNDROME)

Cardiorenal syndrome type – 2 (CRS-2) is characterized by 
chronic abnormalities in cardiac function leading to kidney 
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potential biomarkers have been proposed for the diagnosis 
of type – 3 CRS. Among AKI novel biomarkers (each with 
pros and cons), some of them seem to be particularly 
interesting, such as NGAL, KIM-1, IL-18, IL-6, cystatin C 
(CysC), N-acetyl-β-d-glucosamide, L-FABP, Netrin-1, Klotho, 
and Midkine.

On the other hand, several cardiac biomarkers are 
employed routinely in clinical practice: biomarkers of 
myocardial necrosis, such as troponins T (cTnT) and I (cTnI) 
and markers of heart failure such as B-type natriuretic peptide 
(BNP) and its inactive N-terminal fragment (NT-proBNP).49

The therapeutic approach is focused on treating comor-
bidities until to renal replacement therapies for nonrespond-
ing patients.

CARDIORENAL SYNDROME TYPE – 4 
(CHRONIC RENOCARDIAC SYNDROME)

Type – 4 CRS, also defined as chronic renocardiac syndrome, 
defines cardiovascular involvement in chronic kidney 
disease patients according to the National Kidney Founda-
tion (NKF) classification. The type – 4 CRS definition 
necessitates the existence of kidney disease before the 
development of heart failure.

Pathophysiologic interactions between the kidney and 
heart during AKI have been referred to as “cardiorenal 
connectors,”45 like activation of immune (i.e., pro- and 
antiinflammatory cytokines and chemokines release) and 
sympathetic nervous systems, hyperactivity of RAAS, and 
coagulation cascade. Oliguria can lead to sodium and water 
retention with consequent fluid overload and development 
of edema, cardiac overload, hypertension, pulmonary edema, 
and myocardial injury. Electrolytes imbalance (hyperkalemia 
primarily) can contribute to risk of fatal arrhythmias and 
sudden death, whereas uremia-related metabolic acidosis 
can affect myocytes’ metabolism, and it can be accountable 
for pulmonary vasoconstriction, increased right ventricular 
afterload, and negative inotropic effect46 (Fig. 110.3).

Ultrasound evaluation of type – 3 CRS patients shows 
several patterns on kidney and heart examination. Kidney 
size and echogenicity provide primary features to discern 
between acute and chronic nephropathies.47,48 A hyper-
echogenic renal cortex with low corticomedullary ratio is 
predictive of chronic nephropathy.47,48 At the same time 
cortical hyperechogenicity also can occur in acute tubular 
necrosis or systemic lupus erythematosus nephritis.47,48 
Echocardiographic pattern is not diagnostic, showing an 
increase in atrial volumes or areas as indices of volume 
overload or pleural or pericardial effusion; it often is associ-
ated with lung comets evidence on thoracic ultrasound.28 
Especially during the last 5 to 10 years, a large amount of 
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FIGURE 110.2  Pathophysiology of type – 2 cardiorenal syndrome. 
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FIGURE 110.3  Pathophysiology of type – 3 cardiorenal syndrome. 
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FIGURE 110.4  Pathophysiology of type – 4 cardiorenal syndrome. 

It now should be clear that there is a close relationship 
between CKD and the increased risk for cardiovascular 
disease: major cardiac events actually represent almost 50% 
of the causes of death in CKD patients resulting from the 
aging population, and higher rates in diabetic, dyslipidemic, 
and hypertensive patients10 (Fig. 110.4). The HEMO study 
clearly demonstrated high prevalence (about 80%) of 

cardiovascular disease in hemodialysis patients in relation 
with age, prevalence of diabetes, and dialysis duration,50 
whereas Tonelli et al. conducted a meta-analysis on 1.4 
million patients and found higher mortality rates for all 
causes.51 The largest epidemiologic study was performed 
by Go et al.:52 they screened more than 1 million people, 
identifying cardiovascular events (hospitalization for 
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(related to secondary hyperparathyroidism)28 and frequent 
right heart dysfunction feature, such as high pulmonary 
artery pressure, low tricuspid annulus plane systolic excur-
sion (TAPSE), or right chamber dilation.58

CARDIORENAL SYNDROME TYPE – 5

Type – 5 CRS is a recently defined clinical syndrome, and 
complete epidemiologic data on this entity are still incom-
plete. Type – 5 CRS occurs when cardiac and renal injury 
simultaneously occur, as it happens in several clinical 
syndromes (i.e., sepsis).68

Pathophysiology of CRS-5 depends on the underlying 
disease (Fig. 110.5). Acute CRS-5 results from systemic 
processes such as sepsis, infections, drug abuse, toxins, 
and connective tissue disorders (systemic erythematous 
lupus, Wegener granulomatosis, sarcoidosis). On the other 
hand, in patients with cirrhotic liver disease, CRS-5 has a 
more insidious onset and the kidney and cardiac dysfunction 
may develop slowly until a crucial point is reached and 
full decompensation occurs. Acute CRS-5 develops into 
the five following steps: hyperacute (0–72 hours after 
diagnosis), acute (3–7 days), subacute (7–30 days), and 
chronic (more than 30 days). Chronic CRS-5 (i.e., CRS in 
cirrhotic patients) presents a variable time sequence. 
Pathophysiologic changes in sepsis-related CRS can depend 
on systemic effects of sepsis, from sepsis’ direct effect to 
systemic metabolic pathways or, at least, from direct cross-
talk between the damaged heart and kidney.

Septic cardiomyopathy represents one of main predictors 
of mortality in septic patients, and it is diagnosed in almost 
half of patients.69 The left and right ventricle can be injured 
with dilation and decreased ejection fraction often unre-
sponsive to fluid and catecholamine therapy.70 Sepsis also 
affects the autonomic nervous system (ANS), RAAS, and 
hypothalamus-pituitary gland-adrenal gland axis (HPA), 
which can affect, in several and distinctive steps, cardiac 
and/or renal function. Sepsis also activates RAAS as an 
attempt to restore and maintain blood pressure; a blockade 
of RAAS may be beneficial because RAAS activation also 
has been involved in endothelial dysfunction and mortality 
during severe sepsis.71,72

Sepsis also is involved in causing severe alteration 
in HPA, leading to adrenal insufficiency73 and increased 
production of proinflammatory biomarkers, free radicals, 
and prostaglandins. Therefore inhibition of chemotaxis  
and expression of adhesion molecules can occur; admin-
istration of low-dose glucocorticoids can reduce vasopres-
sors’ employment and critical care units’ hospitalization  
period.74

Together with hemodynamic effects of a decompensated 
heart on renal blood flow, there are cardiac metabolic 
changes resulting from reduced fluid removal by kidneys. 
In an experimental model AKI led to cardiac apoptosis, 
partially limited by anti-TNF therapy,75 hypertrophy,76 and 
an increase in cardiac macrophages.77 Activation and induc-
tion of cytokines (TNF-α and IL-6) and leukocytes (macro-
phages, neutrophils, and lymphocytes) are well documented 
in the heart and kidney during sepsis. Contractile heart 
function mainly is affected, and muscle protein expression 
(actin and myosin) is abnormal in sepsis as well as 
membrane-associated proteins such as dystrophin, normally 
regulating cell shape.

Concerning diagnostic approach to sepsis, prototype of 
type – 5 CRS, initial emphasis has to be on the setting of 
severe sepsis and septic shock (body temperature less than 

coronary disease, heart failure, stroke, or peripheral artery 
disease) and all-cause mortality hazard ratio increases 
according to each declining interval of GFR. The conclusion 
was that the GFR is a strong, independent factor of cardio-
vascular morbidity and mortality.52 Therefore it was 
highlighted that cardiovascular risk is particularly evident 
in CKD patients with stage IIIb to IV (according to KDIGO 
CKD classification) and in those who underwent renal 
replacement therapy (RRT, hemodialysis, peritoneal dialysis, 
and transplant).53 Finally, in the Chronic Renal Insufficiency 
Cohort (CRIC) study investigators focused their attention 
on 190 CKD patients with a GFR less than 60 mL/min and 
performed serial echocardiographic evaluations: in a 2-year 
evaluation period during which patients shifted from stage 
V to end-stage renal disease, ejection fraction (EF) dropped 
from 53% to 50%.54

Concerning type – 4 CRS pathophysiology, Figs. 110.2 
and 110.3 show close interactions between CKD and car-
diovascular involvement. Chronic kidney disease can 
contribute indirectly (exacerbating ischemic heart disease) 
and directly (pressure and volume overload leading to left 
ventricular hypertrophy) to heart disease.55 Hyperphospha-
temia and secondary hyperparathyroidism (also described 
as CKD-mineral and bone disorder, or CKD-MBD) can induce 
the ossification of cardiac vessels and valves through 
“osteoblastic” transformation of vascular smooth muscle 
cells.56 Hypertension also can contribute to vascular calcifica-
tion and consequent pressure overload.

Volume overload is supported mainly by CKD-related 
secondary anemia together with sodium and water retention; 
it also can be worsened by the presence of hemodialysis 
vascular access.57,58

Chronic inflammation, insulin resistance, hyperhomocys-
teinemia, and lipidic dysmetabolism also can contribute to 
cardiovascular disease in CKD patients. As the GFR decreases, 
the gradual accumulation of a large number of toxins (β2 
microglobulin, guanidines, phenols, indoles, aliphatic amines, 
furans, polyols, nucleosides, leptin, parathyroid hormone, 
and erythropoiesis inhibitors) occurs.59–61

On the other hand, many other biomarkers’ serum levels 
increase as GFR declines: troponins, asymmetric dimethy-
larginine (ADMA), plasminogen-activator inhibitor type I, 
homocysteine, natriuretic peptides, C-reactive protein (CRP), 
serum amyloid A protein, ischemia-modified albumin, and 
others.62–64 All of these are involved in the CKD-related 
vascular disease development. Impaired heart function leads 
to renin-angiotensin-aldosterone system (RAAS) and SNS 
activation with consequent worsening of blood pressure 
and volume overload65; the RAAS and SNS activation also 
can be responsible for glomerulosclerosis and progressive 
kidney damage.66,67

The diagnosis of type – 4 CRS is based on serologic and 
instrumental tests. Cardiac function is assessed more widely 
by NT- proBNP serum levels, whereas eGFR represents the 
main biochemical test to evaluate kidney function.

Instrumental diagnosis is based mainly on ultrasound 
examination of the heart and kidneys. The kidneys show 
features of chronic nephropathy, such as a thin and hyper-
echogenic cortex with a reduced corticomedullary ratio 
together with small dilation of the urinary tract; parapyelic 
and subcortical cysts also are found.28

Echocardiography can demonstrate signs of volume 
overload, left ventricular dysfunction, and right ventricular 
dysfunction in end-stage renal disease and hemodialysis 
patients.

Increased atrial volumes or areas, pleural or pericardial 
effusion, and lung comets’ presence confirm volume 
overload.28 It is common to observe valvular calcifications 
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Because inflammation and immune disorders play an 
important role in the pathogenesis of sepsis, removal of 
cytokines and immunomodulation are two approaches based 
on extracorporeal convection devices, high volume hemo-
filtration, and high permeability membranes.83–85 The best 
results were obtained with high permeability membranes 
and absorption.86

Key Points

1.	 Cardiorenal syndrome involves a large spectrum 
of cardiorenal diseases based on heart-kidney 
cross-talk.

2.	 The heart and kidney are involved in basic physiol-
ogy, and their functions are linked closely; whereas 
the heart provides nourishing and oxygen, the 
kidney provides fluid, electrolytes, and acid- 
base homeostasis together with neurohormonal 
activity.

3.	 Classification of cardiorenal syndromes allows 
identification of acute and chronic diseases on the 
basis of primum movens of the disease.

36°C [96.8°F] or greater than 38°C [100.4°F], heart rate greater 
than 90 beats/min, tachypnea, and white blood cell counts 
less than 4 × 100 cells/L or greater than 12 × 100 cells/L), 
then on heart and kidney assessment and risk evaluation 
to start an appropriate treatment. Assessment of cardiac 
function in type – 5 CRS is similar to other clinical situations 
in which myocardial dysfunction is present. Echocardiog-
raphy confirms high-output cardiomyopathy with abnormali-
ties in left ventricular regional contractility together with 
dilation of left heart chambers.78

The diagnosis of kidney involvement in sepsis-related 
type – 5 CRS is overlapping to other forms of AKI with 
acute changes in serum creatinine levels according to RIFLE, 
AKIN, and KDIGO criteria.79,80 Currently, although several 
other biomarkers are proposed (cystatin C, KIM-1, NGAL, 
NAG), RIFLE, KDIGO, and AKIN criteria still recommend 
serum creatinine levels and urine output for diagnosis and 
monitoring of AKI in type – 5 CRS.

Treatment of type – 5 CRS is based primarily on underly-
ing disease management and on kidney and heart 
complications.

First of all, maintaining hemodynamic stability and 
guaranteeing tissue perfusion are key points to prevent 
type – 5 CRS in hyperacute phase of sepsis together with 
fluid control and correct antibiotic treatment. Fluid therapy 
must be managed carefully to avoid fluid overload and 
other iatrogenic complications.81,82

Uncontrolled infection/trauma/circulatory shock/tissue necrosis/anaphylaxis/apoptosis
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FIGURE 110.5  Pathophysiology of type – 5 cardiorenal syndrome. 
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