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ABSTRACT 

Background: chronic kidney disease can lead to end stage renal disease which would require the patient to be 

on dialysis. Kidney diseases predispose patients to many complications, such as cardiovascular, 

hematological, endocrinological, and others. For a patient who is on dialysis, the damaging processes on the 

cardiovascular system resulting in congestive heart failure are accelerated, making it the biggest cause of 

mortality. Methodology: We conducted this review using a comprehensive search of MEDLINE, PubMed, 

and EMBASE, January 2001, through February 2017. The following search terms were used: chronic kidney 

disease, end stage renal disease, congestive heart failure, indications of dialysis, hemodialysis, complications 

of dialysis, congestive heart failure in dialysis patients. Aim: in this review, we aim to evaluate the incidence, 

prevalence, pathogenesis, and outcome of congestive heart failure in a patient who is on dialysis due to 

chronic kidney disease. Conclusion: Congestive heart failure and chronic kidney disease patients on dialysis 

have a very bad prognosis of only three years, and there has been no improvement in prognosis from over 

twenty years. More studies and researches must be conducted in this topic in order to come up with better 

forms of therapy in order to decrease mortality and improve quality of life. 

Keywords: Chronic kidney disease, congestive heart failure, heart failure on dialysis, pathophysiology of 

congestive heart failure with chronic kidney disease. 

 

INTRODUCTION 

Chronic kidney disease (CKD) is a word 

that covers all degrees of declined renal function. 

The guidelines have defined CKD as a decreased 

glomerular filtration rate (GFR) of less than 60 

mL/min/1.73 m
2
 for a minimum of 3 months 

despite of the primary etiology. Kidney disease is 

the 9
th
 leading cause of death in the United States of 

America. CKD is classified as stages form 1 to 5 

based on the decreasing amount of GFR, where 

stage 5 is the worst with a GFR <15 mL/min/1.73 

m
2
, or those requiring dialysis 

[1]
. End stage renal 

disease (ESRD) is described as a condition of 

individuals with CKD, who necessitate renal 

replacement therapy. There are two types of renal 

replacement therapy, which are dialysis or 

transplant. ESRD is the most dreaded complication 

of CKD 
[2]

.  Indications for renal replacement 

therapy comprise presence of any of the following: 

severe metabolic acidosis, hyperkalemia, 

intractable volume overload, encephalopathy, 

pericarditis, failure to thrive and malnutrition, 

peripheral neuropathy, intractable gastrointestinal 

symptoms, and in asymptomatic patients with a 

GFR of 5-9 mL/min/1.73 m². The listed conditions  

 

are irrespective of the cause of the CKD or the 

presence or absence of other comorbidities 
[3]

. 

The typical life expectancy of a patient on 

hemodialysis is less than 3 years, and unfortunately, 

hasn't changed in over 20 years 
(2)

. CKD is 

associated with an increased risk of developing 

cardiovascular disease, chronic renal failure, 

hypertension, anemia, protein loss, platelet 

dysfunction, fatigue, and overall decreased quality 

of life. Cardiovascular disease remains the greatest 

cause of mortality in patients with ESRD, and it 

accounts for 53% of all deaths with a known cause 

in dialysis patients. It is assessed that up to 36% of 

all people with ESRD already have congestive heart 

failure (CHF) at the beginning of dialysis, while 

another 25% of dialysis patients progress to de-

novo CHF. The yearly incidence of such 

occurrence is 7% 
(4)

. The patho-biological processes 

that reinforce the severity and advancement of 

cardiovascular disease in CKD include hastened 

atherosclerosis and constant reduction in the 

function of left ventricular (LV) as the renal 

function declines, and when that patient is on 

hemodialysis, these processes are accelerated 
[3]

. 
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In this review, we aim to evaluate the 

incidence, prevalence, pathogenesis, and outcome 

of congestive heart failure in a patient who is on 

dialysis due to chronic kidney disease. 

 

METHODOLOGY 

• Data Sources and Search terms 

We conducted this review using a comprehensive 

search of MEDLINE, PubMed, and EMBASE, 

January 2001, through February 2017. The 

following search terms were used: chronic kidney 

disease, end stage renal disease, congestive heart 

failure, indications of dialysis, hemodialysis, 

complications of dialysis, congestive heart failure 

in dialysis patients 

• Data Extraction 

Two reviewers have independently reviewed the 

studies, abstracted data, and disagreements were 

resolved by consensus. Studies were evaluated for 

quality and a review protocol was followed 

throughout. 

The study was approved by the Ethics Board of 

King Khalid University.  

 

DISCUSSION 

CHF is a very common condition in the 

common population. Currently it affects 23 million 

across the world 
[4]

. There are many risk factors for 

CHF, namely coronary artery disease, male gender, 

obesity, and hypertension. The most common 

conditions associated with CHF are aging, 

hypertension, diabetes mellitus, Left ventricular 

hypertrophy (LVH), coronary artery disease, and 

infiltrative cardiomyopathy, which are all common 

comorbidities CKD patients 
[5]

. Those 

comorbidities are associated with the initiation and 

worsening of myocardial fibrosis and reduced 

ventricular compliance. Subclinical heart failure 

and left ventricular hypertrophy (LVH) is the most 

common echocardiographic finding in CKD 

patients on hemodialysis 
[6]

. 

HF is also a very common presentation in 

patients with CKD. On the other hand, uncontrolled 

CHF also very commonly causes progression of 

renal failure. This creates a vicious cycle where 

CHF can be the cause of renal failure, and renal 

failure can worsen the CHF even further by directly 

affecting the heart 
(3)

. Recent animal studies have 

suggested that abnormal cardiac function 

contributes significantly to advanced loss of kidney 

function 
[7]

. CHF and CKD act synergistically in 

causing renal damage. The mortality rate and going 

on to dialysis therapy increases by 50–100% when 

CHF and CKD present together 
[8]

.  

It is estimated that 50% of the patients with 

CHF have CKD. Also it is worth noting that CHF 

was 15.1 times more prevalent in those with CKD 

compared to those with normal kidney function. 

The prevalence of CHF increases as the renal 

function worsens. Therefore, CKD is a powerful 

and independent risk factor for cardiovascular 

diseases. In the US, for instance, the prevalence of 

cardiovascular diseases in CKD patients is as high 

as 63%, while only 5.8% in people without CKD. 

Additionally, the prevalence is directly linked with 

the severity of CKD 
[3]

. 

Congestive Heart Failure in Chronic Kidney 

Disease- Interrelated Pathophysiology. 

The significant link between CKD and 

cardiovascular diseases is explained by the typical 

overlapping of numerous risk factors 
[9]

. These risk 

factors are classified as 

 -traditional: advanced age, hypertension, diabetes, 

and dyslipidemia and  

 -nontraditional: CKD-specific factors such as 

anemia, volume overload, proteinuria, malnutrition, 

metabolism abnormalities, inflammation, and 

oxidative stress. 

CHF is associated with a reduction in renal blood 

flow and GFR.  Proteinuria many times can occur 

in CHF and damages the kidneys. These factors 

which are triggered by ischemia, including the 

cytokines produced, lead to the damage of 

glomerulus, mesangium, tubular cells and 

interstitial cells, along with progressive fibrosis 
[10]

. 

This causes progressive renal ischemia which also 

activates renin-angiotensin-aldosterone system and 

sympathetic activity leaving toxic effects on the 

renal tissue. High amount of angiotensin II can 

collect in the heart and lead to myocyte 

hypertrophy, fibrosis of interstitium, and 

microvascular ailment, disturbance in cardiac 

conduction system, prolonged QT, and eventually 

arrhythmias 
[11]

. High aldosterone in the serum can 

induce fibrosis of myocardium, assumed to be due 

to the release of transforming growth factor β 
[12]

. 

CKD reversely deteriorates CHF. The rise in 

serum creatinine level is one of the best forecasters 

of mortality in CHF. The changes that take place in 

the uremic heart are outlined below 
[10]

: 
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(1) Atherosclerotic plaques grow quicker in a uremic 

environment. High blood urea occurs early in renal 

disease. 

(2) There is a deficient micro-vessel growth compared 

to the hypertrophy of cardiomyocytes. This makes 

the myocytes deprived of oxygen supply. Ischemia 

stimulates myocardial cell apoptosis, as well as 

accumulation of extracellular matrix and collagen, 

resulting in interstitial fibrosis. Fibrosis promotes 

LV stiffness, increased filling pressure of the LV, 

weakened diastolic filling, and eventually diastolic 

dysfunction. Myocardial fibrosis additionally 

worsens ischemia by reducing the capillary density 

and reserve, and considerably increases the risk of 

ventricular arrhythmias and sudden cardiac death 
[9; 

13]
. Associated coronary artery disease—also, very 

common in patients with CKD and ESRD—further 

contributes to ischemia, myocardial cell damage, 

and fibrosis. Myocardial fibrosis aggravates 

ischemia, by reduction of capillary density and 

coronary reserve system. Fibrosis also considerably 

upsurges the possibility of ventricular arrhythmias 

and sudden cardiac death 
[13]

. Concomitant coronary 

artery disease, which is also very commonly found 

in patients with CKD and ESRD, contributes to 

ischemia, further cell damage, and fibrosis 
[11]

. 

(3) The coronaries fail to vasodilate as a result of 

endothelial dysfunction. 

(4) Studies of the metabolism of the heart in uremia 

have shown a decay of energy-rich nucleotides, 

especially ATP 
[14]

. Thus, there is a reduction in 

energy stores. 

(5) The sympathetic activity is amplified and so is the 

apoptosis. In response, the chemoreceptors and 

baroreceptors in the already damaged kidney are 

activated causing further load on the heart by 

increasing the heart rate and contraction, 

predisposing it to development of arrythmias. 

Apoptosis happens due to disproportionate 

sympathetic activity of the cardio muscles. 

Sympathetic overactivity may even induce 

concentric remodeling of the LV 
[15]

.  

(6) Uremia leads to several abnormalities of cardiac 

muscle function, including the abnormal calcium 

cycle affecting its contractile function. Deficiency 

of vitamin D is commonly seen in CKD patients, 

and is linked with myocardiac hypertrophy. It is 

related to early cardiovascular mortality as well as 

sudden cardiac death in patients on dialysis. It has 

been well recognized that vitamin D has a number 

of biological effects on the heart, such as cardiac 

cell contraction, hypertrophy, proliferation, 

differentiation, and protein and collagen expression 

of cardiac muscles. Furthermore, vitamin D plays a 

role in the maintenance of tone of vessels and 

cardiac output 
[16]

. 

Congestive Heart Failure with Dialysis 

In dialysis-dependent ESRD patients, the 

risk of cardiovascular mortality is 10-fold to 20-

times higher than in any other age- and gender-

matched control subjects without associated chronic 

kidney disease 
[17]

. Patients with CHF have an 

additional struggle in tolerating certain kinds of 

hemodynamic stress, for instance, atrial fibrillation, 

tachycardia, changes in blood pressure, and 

ischemia-induce acute presentation of or 

deterioration of diastolic dysfunction 
[18]

. At the 

same time, these causes of hemodynamic stress are 

particularly frequent in patients with CKD, 

especially those on hemodialysis. Dialysis patient 

are hemodynamically at a hypervolemic state due to 

high blood flow through the arterio-venous fistula 

leading to volume overload which consequently 

leads to LV dilatation (eccentric left ventricular 

hypertrophy), by buildup of new myocardial fibers 

in series 
[19]

. 

The median survival of dialysis-dependent 

patients with baseline heart failure is estimated to 

be 3 years, in contrast with 5 years for those 

without baseline heart dysfunction. Over 80% of 

ESRD patients who are recently diagnosed with HF 

are expected to die within only three years from the 

time of this diagnosis.  It is evaluated that up to 

36% of all people with ESRD already have CHF at 

the beginning of dialysis, while another 25% of 

dialysis patients progress to de-novo CHF. The 

yearly incidence of such occurrence is 7% 
[20]

. 

Anemia as a Worsening Factor 

To further add to this vicious cycle of CHF 

and CKD is anemia, which itself is a product of 

CKD and CHF. At the same time anemia worsens 

both CHF and CKD.  This vicious cycle can be 

called the cardio-renal-anemia syndrome. 

Intervention of CHF and anemia can help prevent 

the progression of CHF as well as CKD 
[21]

. About 

40–50% of patients with CHF have anemia. 

Anemia has many causes in this case, but the two 

most significant ones are possibly CKD itself and 

cytokine-induced depression of production of 

erythropoietin along with depression of bone 

marrow use of the available erythropoietin. The 

cytokine tumor necrosis factor beta is existent in 
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increased concentrations in the blood of CHF 

patients 
[22]

. They can act to depress red blood cell 

formation. Many studies found that the severity of 

anemia was proportional to the severity of CHF, 

additionally causing higher mortality, and increased 

need for hospitalization. Therefore, it appears that 

treatment of anemia in CKD is helpful in 

preventing CHF. There is some suggestion that 

improvement of anemia is connected with both a 

slowing the advancement of the renal failure and 

also delaying the time to onset of dialysis 
[23]

. 

A study was conducted on 179 patients 

with severe, resistant CHF and who were also 

anemic. They were not responsive to maximally 

tolerated doses of ACE inhibitors and beta blockers 

until the underlying anemia was corrected 

erythropoietin subcutaneously along with intra-

venous iron (iron sucrose-Venofer). The CHF was 

then noted to be improved, and their rate of 

hospitalization and oral or intravenous diuretics 

doses fell. In 80% of the cases, the creatinine 

clearance surprisingly increased, or stayed the same 
[21]

.  

From a hemodynamic view, left ventricular 

hypertrophy is an adaptive remodeling process of 

LV, which is necessary to compensate the increase 

in cardiac work. The increased work is caused by 

an increase in afterload (pressure overload), an 

increase in preload (volume overload), or both. 

Increase in afterload may be a consequence of 

arterial hypertension, wall stiffness, or stenosis of 

aortic valve 
[23]

. This leads to a concentric 

thickening of the LV wall in a concentric fashion. 

High preload may be due to high volume, anemia, 

and dialysis patient high blood flow through the 

arterio-venous fistula leading to volume overload 

which consequently leads to LV dilatation 

(eccentric left ventricular hypertrophy), by buildup 

of new myocardial fibers in series 
[19]

. 

Diagnosis of Congestive Heart Failure in 

Chronic Kidney Disease 

The American College of Cardiology 

Foundation/American Heart Association, the Heart 

Failure Society of America and the European 

Society of Cardiology recommend the following 

basic laboratory tests and studies in the initial 

evaluation of patients with suspected heart failure 
[24]

:  

- Complete blood count  

- Urinalysis, which can reveal proteinuria 

- Serum electrolyte levels, which may be abnormal 

owing to causes such as fluid retention or renal 

dysfunction 
[10]

 

- Blood urea nitrogen and creatinine levels, which 

may show diminished renal blood flow as well as 

declining renal function 
[25]

 

- Fasting blood glucose levels as elevated levels 

show an increased risk for heart failure (including 

in non-diabetic patients) 

- Liver function tests, which can reveal elevated 

liver enzyme levels and show liver dysfunction as a 

result of heart failure 

- B-type natriuretic peptide and N-terminal pro-B-

type natriuretic peptide levels, which are elevated 

in heart failure 
[26]

 

- a 12-lead electrocardiogram, which can show 

arrhythmias, ischemia, infarction, or coronary 

artery diseases 

- Chest radiography (posterior-anterior, lateral), 

which reveals pulmonary congestion or enlarged 

heart chambers 
[27]

 

- Two-dimensional echocardiographic and Doppler 

flow ultra-sonographic studies, which may tell 

about ventricular dysfunction and chamber 

enlargement 

- Coronary arteriography to detect if any ischemic 

LV dysfunction is present 
[28]

 

Assessment of fluid status is very crucial in 

all CKD and, above all, in ESRD patients. In those 

patients with CKD and CHF, volume overload may 

be both a result and a triggering factor of the 

concluding condition 
[29]

. 

Treatment of Heart Failure in Chronic Kidney 

Disease 

The main aims of CHF therapy in CKD 

patients are:  

-to decrease both the preload and afterload which 

eventually reduces LVH,  

-to treat myocardial ischemia if present, and  

-to inhibit the sympathetic nervous system and the 

renin-angiotensin-aldosterone system 
[30]

 

Strategies to minimize large volume shifts 

with the help of high-dose loop diuretic, salt and 

water restriction, and frequent dialysis is crucial. 

Dietary salt restriction and diuretics are endorsed 

for CKD and CHF patients to strictly control fluid 

overload and its symptoms. Loop diuretics are used 

as first-line drugs in patients with a GFR 

<30 mL/min/1.73 m
2  [1]

. In patients with CKD and 

ESRD also have anemia, therefore, it should be 

treated as per to the guidelines used in the general 

CKD population. Serum hemoglobin of 11 to 
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12 g/dL should be the target. Vitamin D deficiency 

and low phosphate levels are concomitant with LV 

hypertrophy and dysfunction 
[31]

. A satisfactory 

phosphate, calcium, vitamin D, and PTH level is a 

goal in CKD patients. In CKD patients with CHF, 

beta-blockers have shown to reduce mortality and 

hospitalization. Hence, a beta-blocker should be 

advised to all such patients, unless contraindicated. 

Treatment must be initiated at a very low dose and 

carefully increased and monitored the entire time to 

prevent worsening heart failure, hypotension, and 

bradycardia especially in dialysis patients 
[32]

.  

Studies have revealed a promising effect of 

ACEIs on survival in patients with CKD and CHF; 

however, patients with serum creatinine 

>2.5 mg/dL were not a part of those trials. 

Unfortunately in patients with HF and ESRD, the 

ACE inhibitors have shown higher risk of adverse 

events. ARBs can be used, particularly in patients 

who develop cough or angioedema from ACEIs. 

RAAS inhibitors require cautious dose titration and 

monitoring in order to prevent serious adverse 

effects, like drop in blood pressure, hyperkalemia, 

and acute kidney injury. In stage 3 CKD subjects 

with heart failure, aldosterone antagonists should be 

used with a lot of caution, with close monitoring of 

the levels of potassium 
[25]

.  

For ESRD patients with CHF adequate 

ultrafiltration is crucial for controlling volume 

overload. In hemodialysis, large-volume 

ultrafiltration must be avoided, as it can cause 

myocardial stunning episodes. High-flow A-V 

fistula should also be avoided because it adds to 

volume overload, increased cardiac output, and 

eccentric left ventricular hypertrophy. Instead, short 

daily or long nocturnal dialysis result in better fluid 

status 
[25]

. To improve clinical outcomes of dialysis 

patients with heart failure, the therapeutic goal must 

be to 
[33]

:  

(1) recover hemodynamics by reducing both 

preload and afterload by treatment of hypertension, 

curing hypervolemia and arterial hardening, and 

lessening the positive sodium balance  

(2) treat cardiac ischemia  

(3) decrease LV hypertrophy and fibrosis  

(4) inhibit the sympathetic nervous system 

Blood pressure control is crucial and has 

favorable effects in CKD and ESRD patients. It 

leads to regression of left ventricular hypertrophy 

and improves diastolic function 
[34]

. Candesartan 

use in hemodialysis patients has significantly 

decreased cardiovascular mortality, perhaps due to 

regression on myocardial fibrosis 
[35]

. 

 

CONCLUSION 

We have seen the significant inter-related 

pathophysiology of CHF with CKD and its 

worsening nature with ESRD or on patients who 

are receiving dialysis therapy. These concomitant 

conditions affect a vast population and 

unfortunately, have a very bad prognosis of only 

three years. What is worse is that there has been no 

improvement in prognosis from over twenty years. 

Therefore, more studies and researches must be 

conducted in this topic in order to come up with 

better forms of therapy to decrease mortality and 

improve quality of life.  
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