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Preface

Renal failure is a many-sided clinical state that normally progresses to kidney 
chronic disease (CKD). Renal replacement therapy (RRT) is a set of techniques 
applied to replace the capacity of blood filtration, which is completely lost in  
end-stage renal disease (ESRD).

This book brings a multidisciplinary approach to RRT in its three sections, from 
qualitative analysis to technical and clinical reviews.

Section I, “Health and Wellness,” includes two chapters that summarize crucial 
aspects of promoting the health and wellness of ESRD patients. In Chapter 1, 
Michael et al. present important aspects of Quality of Life (QoL) and exercise for 
patients. This chapter refers to the definitions and perceptions used as markers 
for QoL as a tool to be added to the nursing routine. Chapter 2, by Moreira et al., 
discusses “hope” as a multidimensional concept and its application in the follow-up 
of patients undergoing hemodialysis and peritoneal dialysis.

Section II, ”Hemodialysis Routine and Patients Care,” includes three chapters. 
Chapter 3, by Patel, discusses vascular access, from the role of radiology in technical 
practice to the potential early and late complications related to this procedure. 
Chapter 4 by Vizcarra reviews vascular accesses for hemodialysis. Chapter 5 by 
Rocha examines patient safety in hemodialysis and discusses some key aspects for 
reducing the risk of unnecessary harm related to hemodialysis.

Section III, “Renal-Associated Diseases and Clinical Biomarkers,” includes four 
chapters. Chapter 6 by Khrulev et al. reviews cerebrovascular disorders in both 
pre-dialysis and RRT patients from a pathophysiologic point of view and discusses 
clinical endpoints among patients at two-year follow-up. Chapter 7 is a remarkable 
assessment of Fabry disease (FD) by Wang et al. This X-linked lysosomal storage 
disorder has an important impact on renal function. Some FD patients are 
submitted to enzymatic replacement therapy while undergoing RRT and the 
understanding of this genetic disease is crucial for better clinical management. In 
Chapter 8, Hashim reviews the prognostic value of serum parathyroid hormone 
(PTH) in patients with ESRD, focusing on plasma PTH level parameters in CKD. 
Finally, Chapter 9 by Shutov and Filatova summarizes cardiorenal syndrome in 
patients on RRT.

Clinical routines are increasingly focused on the translational scenario of health 
sciences. Practically all procedures of a medical clinic depend on the participation 
of professionals from different areas of health. Therefore, Multidisciplinary 
Experiences in Renal Replacement Therapy brings together studies from different 
perspectives on RRT.
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Chapter 1

Effect of Exercise on  
Health-Related Quality of Life 
in Patients with End-Stage Renal 
Disease
Dhanya Michael, Joseph S. Fidelis and Sijo Joseph Pakalomattom

Abstract

Chronic kidney disease (CKD) is becoming more common around the world. 
Chronic kidney disease (CKD) is linked to a wide range of other health problems, 
such as diabetes, hypertension, stroke, and pulmonary illness. Patients with CKD 
tend to lead sedentary lives for a variety of reasons. Dialysis patients, on the other 
hand, are much less active than the general population. All of these factors raise the 
likelihood of future morbidity and mortality, while also lowering the overall quality 
of life for people who are ill (HRQoL). Regular physical activity (PE) has been 
shown to increase overall well-being and HRQoL. Here, we discuss several PEs and 
their effects on CKD patients’ physical fitness, function, and HRQoL, as well as the 
significance of haematocrit normalisation and the influence on their serum phos-
phorus levels. We have discussed the advantages of PE for this particular population 
of individuals as well as the side effects of intradialytic PE. There have also been 
discussions on factors that contribute to impaired physical function in CKD patients 
and the impact of PEs on different bodily systems.

Keywords: chronic kidney disease, end-stage renal disease, health-related quality 
of life, physical exercise, quality of life

1. Introduction

Health and QoL (quality of life) have different meanings to different people. 
Despite the fact that health has an impact on life happiness, health is simply a minor 
factor. As a result, health is seen as a component of QoL [1]. Perceived QoL refers to 
how people view and evaluate their quality of life. Subjective quantification refers 
to measuring how satisfied and happy you are with many aspects of your life, such 
as your health [2]. It is a notion that advocates quantifying your own life experience 
subjectively.

Health-related QoL (HRQoL) is a subgroup of QoL that is most affected by health 
or treatment [1]. Furthermore, either disease-specific or generic tools estimate it. It 
collects data on patients’ knowledge about specific areas of health, such as HIV-QL31 
or EORTC QLQ-C30, that are affected by a specific disease, whereas the latter 
measures general well-being that is applicable to all health states, including healthy 
individuals such as the 36-Item Short-Form (SF-36®) Survey or the EuroQoL 5 
Domain (EQ-5D) tool.
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Chronic diseases have become more common during the previous few decades. This 
is because the population is getting older, medical technology is improving, and infec-
tious diseases are being better prevented and managed. Consequently, a higher propor-
tion of people suffer from long-term disorders that impair their HRQoL. Chronically 
ill adults, such as those with hypertension, diabetes, coronary heart disease, congestive 
heart failure, chronic obstructive pulmonary disease, and arthritis, have lower HRQoL 
than healthy adults. Co-existing diseases reduce HRQoL even further [3].

Chronic diseases affect a range of HRQoL indicators, such as pain, general 
health, mental health, social function, and sleep, and a lower HRQoL may be 
the result. The primary care services supplied may have an impact on these other 
industries (e.g. mental health counselling, pain medication, and self-management 
education to aid in performing routine functions). HRQoL estimates, including 
complicated processes such as intervention dose–response relationships, might 
therefore play an important role in evaluating primary care services. An assessment 
of HRQoL in individuals with chronic conditions may also help raise awareness of 
the significance of providing high-quality care to all patients. HRQoL consider-
ations are an important part of providing patient-centred comprehensive care, and 
this approach can help patients by improving their self-management skills. HRQoL. 
HRQoL estimates can be used for a variety of purposes, including patient-physician 
contact, programme design, and support services. A simple HRQoL assessment can 
make a big difference in a patient’s quality of life [3].

Chronic kidney disease is defined as renal failure that lasts more than 90 days 
(CKD). It is quite common, affecting between 2.5 and 11.2% of adults in Asia, 
Australia, Europe, and the United States. If untreated, albuminuria can proceed to 
end-stage renal disease (eGFR 15 mL/min/1.73 m2 and urine albumin >300 mg/g), 
necessitating a kidney transplant or the usage of MHD/PD (RT). The annual health-
care cost for persons with end-stage renal disease (ESRD) exceeds $1 trillion, indicat-
ing a considerable financial burden [4]. In India, HD is expected to cost INR 29,852 
per month while peritoneal dialysis will cost INR 28,763 per month [5]. According to 
another study, sustaining individuals with ESRD costs INR 2,13,144 per year [6].

HRQoL deteriorates as CKD progresses in patients with ESRD, and is usually 
harmed as a result of lifestyle and dietary constraints, disease-related complica-
tions, multiple comorbidities, polypharmacy, dialysis-related side effects, rapid 
ageing, and a uraemic milieu [7]. Poor HRQoL has been associated with an 
increased risk of hospitalisation and mortality [7, 8], and therefore, attempts to 
enhance it are necessary for more than just obtaining a good HRQoL target.

Patients with CKD who do not require dialysis or HD are urged to participate in 
physical activity (PE), which should include 30 minutes of aerobic exercise (AE) 
on most days of the week [9, 10]. Despite these recommendations, physical activity 
levels, activity-related energy expenditure, and daily step count in CKD patients on 
MHD were all shown to be comparable to those of a sedentary lifestyle. In people with 
CKD and RT, a growing body of evidence demonstrates that regular PE improves 
HRQoL, the cardiovascular (CV) system, aerobic fitness, and walking capacity.

Physical activity benefits patients with CKD, especially those with end-stage 
renal illness, according to these data (ESRD).

2. Definitions

Quality of life (QoL): This is a phrase used to describe how well a person feels 
about their position in life as it relates to the culture and value frameworks in which 
they live, as well as their personal goals, standards, expectations, and concerns.
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Furthermore, QoL refers to an all-encompassing sense of well-being that 
includes both objective and individual-level weighted metrics of well-being in terms 
of emotions, physical health, social well-being, and material well-being [1].

HRQoL relates to how well a person functions and perceives their well-being 
in connection to their physical, psychological, and social health, and includes 
well-being traits that are linked to or influenced by the presence of sickness or 
treatment [1, 2].

Physical activity (PA) is any movement of the body that needs the expenditure 
of energy and is caused by the activation of skeletal muscles [11]. Because it encom-
passes all motor behaviour, including both routine and recreational activities, it is 
an essential lifestyle aspect for overall health and well-being [12].

Physical exercise (PE) is a subcategory of PA that includes motions that are 
pre-planned, structured, and repeated. One or more aspects of physical fitness 
are improved or maintained as a final or transitional goal [11]. Aerobic and 
anaerobic activities with a set frequency, duration, and intensity constitute one 
type of PE.

3. Types of physical exercises

Patients with CKD who have PE had better outcomes overall, as previously 
mentioned. These individuals were indicated for a wide range of PEs, including the 
ones listed below:

3.1 Aerobic exercise (AE)

Aerobic energy production efficiency improves and cardiorespiratory fitness 
improves after taking AEs. Walking, running, cycling, rowing, and swimming 
are all examples of low-impact exercise. There are numerous health benefits to 
doing this, including higher insulin sensitivity (IS), greater mitochondrial density, 
increased levels of antioxidant enzymes in the body, improved lung and immune 
system performance, and increased cardiac output [13]. Patients with chronic dis-
eases benefit from AEs because they lower their blood pressure (BP) and increase 
their maximum oxygen intake. Aside from improving physical function and aerobic 
capacity, these treatments may also provide other benefits for the patients. CKD 
patients on haemodialysis who engage in regular aerobic physical activity see some 
improvement in their diminished functional capacity [14]. AE may improve renal 
function and quality of life in CKD patients [15]. In-between-session AEs have 
shown encouraging benefits [16–18].

3.2 Resistance exercise (RE)

All main muscle groups are used in RE, which uses weight or resistance to 
make the body’s skeletal muscles contract. In addition to lowering glycated hae-
moglobin levels, it has been linked to improvements in CV, body mass, physical 
function, glycaemic control, insulin sensitivity, blood pressure, and lipid profiles. 
Comparatively, it has a lower risk of hypoglycaemia and blood glucose fluctuations 
[13]. In order to help patients achieve functional independence, the RE is designed 
to include activities and context-oriented practice in areas that are important to 
each patient. It targets the antigravity muscles in particular and aims for the greatest 
possible carryover into daily activities. Body weight, gravity, resistance bands, free 
weights, and a weight vest can all act as resistance [19].
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3.3 Combined exercise (CE)

It incorporates elements of AE and RE in one module. With CE, health and 
general cardiovascular benefits can be optimised while minimising risk factors 
associated with sedentary lifestyles. Because of this, it leads to better blood pres-
sure regulation as well as lower insulin and glucose levels, glycated haemoglobin, 
visceral adipose tissue, and microalbuminuria [13].

3.4 Flexibility and balance exercises

Individuals benefit from it because it stretches muscles and improves balance 
and postural stability, allowing them to move more freely during other workouts 
and in daily life. It is possible for these to be static (e.g. not bending the knees) or 
dynamic (e.g. high knees). Exercises that improve balance and save you from falling 
include balance training. If you want to walk backwards or heel-toe in a straight 
line, you can do so [13].

Patients with severe renal impairment benefit equally from resistance and 
balance exercises, which both increase physical activity and improve renal 
function. Thus, to enhance the therapy effects of exercise in dialysis patients, it 
is better to combine these components in a balanced fashion or to change them 
individually [20].

4. Physical exercise in chronic illness

4.1 General impact

An important risk factor for many chronic diseases is physical inactiv-
ity, which can be prevented and treated. Chronic physical inactivity has been 
linked to an increased incidence of adverse CV events and a greater death rate 
in patients with peripheral arterial disease and dialysis. Simple frequent physi-
cal activity can serve as a springboard for healthy living and deliver substantial 
health benefits [21].

Daily PA and PE, according to current studies, can help avoid chronic  
diseases (such as cardiovascular disease, type 2 diabetes, obesity, and cancer) and 
mortality, as well as serve as a primary disease prevention strategy. Patients with 
high blood pressure and known cardiovascular diseases can potentially benefit 
metabolically and cardiovascularly from moderate-intensity activities [22–24]. A 
reduction in mortality risk may also result from improved and sustained physical 
fitness over time [10]. When a chronic illness is diagnosed, including PA and PE 
in the disease management strategy, improves the patient’s overall health. PA and 
regular PE improve QoL and lengthen life when used in disease prevention or 
treatment [25].

Pre-dialysis patients with severe CKD suffer from decreased physical function 
and performance due to a variety of factors, including renal function decline, 
arteriosclerosis, and chronic inflammation [26]. Pre-dialysis CKD patients with 
improved physical performance and higher PA levels have lower overall mortality 
and CVD risk [27]. Patients with CKD benefit greatly from exercise training, which 
includes both aerobic and resistance activities, as well as increased muscle strength 
and lower blood pressure (BP) [26]. PE also benefits dialysis patients’ physical 
health by improving CV function, blood pressure, muscle strength, and nutritional 
status, as well as improving dialysis quality [28]. For HD patients, PA in everyday 
life has a greater impact on QoL than it does in the general population [29].
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4.2 Effect on physiological parameters

Muscle mass, strength, IS, mitochondrial content, and regeneration capacity can 
all be improved with PA. It is common to employ resistance training to build muscle 
and improve overall strength. As a result, your muscles get bigger and stronger, 
while your overall fitness increases. This includes considerable gains in myofibre 
and whole-muscle growth, strength, quality, and physical performance, or the 
prevention of these decreases.

Patients with cardiovascular disease benefit from regular PE because it lowers 
blood pressure, reduces resting heart rate, and raises atherogenic marker levels 
while also enhancing physiological cardiac hypertrophy. There are many benefits 
to losing weight, including decreased visceral adiposity, lowered cholesterol, 
HDL-C, and blood pressure (BP), as well as improved maximum oxygen consump-
tion (VO2max) through either diet or exercise alone, or a combination of the two. 
Workout has been found to improve glucose homeostasis, endothelial function, 
blood pressure (BP), and HDL-C levels regardless of weight without affecting 
weight. Those who are overweight or have type 2 diabetes are at greater risk of 
cardiovascular disease, and regular exercise reduces that risk or severity [30, 31].

Regular physical activity and/or aerobic fitness are linked to better IS perfor-
mance. Insulin resistance may usually be ameliorated and, in some cases, com-
pletely reversed, using PE interventions. Both acute and chronic effects of PA on 
IS have been documented in the literature. Acute effects can be seen during and/
or for up to 72 hours after a single bout of physical activity and are directly linked 
to it. If these bouts are repeated on a regular basis, long-term chronic IS enhance-
ment occurs, resulting in better glucose management than what is generally seen in 
people who are less active. There appears to be a dosage response with an increase in 
PA of 500 kcal/week, reducing the incidence of T2DM by about 9% [32]. Exercise’s 
ability to improve IS and glucose absorption in the elderly is important [33]. Having 
a healthy lifestyle that includes moderate-intensity aerobic activity and/or PA on 
3–5 days a week for at least 30 minutes has been linked to better IS and glycaemic 
management.

PE enhances the peroxisome proliferator-activated receptor co-activator 1 
in cardiomyocytes after both endurance and resistance exercise (PGC-1) [33]. 
By improving mitochondrial fatty acid oxidation (the primary substrate used 
by healthy myocardium), PE also improves ATP synthesisation performance. 
Preventing CV dysfunctions in obese people, through PE-induced improvements in 
mitochondrial function, Is well documented. The reconfiguration of the mitochon-
drial network (fusion, fission, and autophagy) that occurs during exercise has also 
been found to improve mitochondrial function/efficiency [33].

4.3 Effect on general well-being

Recent research reveals that physical activity (PE) provides a number of benefits 
for people of all ages, and that it improves psychological well-being and quality 
of life (QoL). Physical education (PE) boosts self-efficacy, task orientation, and 
perceived competence in youngsters. Physical activity has been related to improved 
health outcomes in both children and adults, including a more positive self-image 
and a better mood. Last but not the least, for the elderly, physical activity promotes 
security, social connections, and mental health [34].

PE increases one’s quality of life by interacting with biological and psychological 
systems. Higher cerebral blood flow improves oxygen delivery to brain tissue and 
allows for more oxygen consumption. Other biological causes include decreased 
muscular tension and increased endocannabinoid receptor numbers in the 
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bloodstream, among others. The changing amounts of neurotransmitters caused by 
the phenomenon of neuroplasticity may also have an impact on one’s overall well-
being. When someone has a traumatic brain injury, their levels of neurotransmitters 
such as serotonin and endorphins rise. By emphasising the sense of control, self-
efficacy, and competency, PE boosts students’ self-esteem and self-concept while 
also creating a positive social synergy [34].

The benefits of regular and moderate physical activity extend beyond improved 
general health to lowered coronary heart disease (CHD) risk. T2DM patients who 
have PE experience a drop in their blood sugar and systolic blood pressure, which 
reduces their risk of developing DM-related complications, dying from the disease, 
or suffering from a heart attack. Because it reduces weight, PE lowers the risk 
factors for developing type 2 diabetes. Physical inactivity is linked to obesity and 
diabetes mellitus (DM), as well as a higher incidence and mortality from cancer 
(e.g. breast, endometrial). So PA and PE are linked to improved well-being and 
lowered mortality risk [35].

4.4 Improving physical fitness and function

Exercise therapy improves fitness and reduces the risk of illness consequences 
in people with chronic diseases [36]. Regular PA has been shown in these cases to 
enhance the human physique, lipid profiles (e.g. by decreasing the levels of total 
cholesterol, raising HDL-C levels, and diminishing the low-density lipoprotein 
[LDL]-to-HDL ratios), glucose homeostasis, autonomic tone, IS, coronary 
blood flow and endothelial function; improve cardiac function; and reduce 
BP, systemic inflammation, and blood coagulation. Chronic inflammation is a 
prominent cause in the majority of chronic illnesses, according to high levels of 
inflammatory markers such as C-reactive protein, and PE has been found to help 
avoid them [37].

Premature death is reduced when one’s physical fitness improves, whereas it 
is increased when one’s fitness deteriorates. Even a little increase in physical fit-
ness has been shown to lead to a considerable decrease in risk. The health status of 
previously inactive adults improved significantly when their physical fitness was 
modestly increased [37]. Regular physical exercise reduces weight gain, obesity, 
coronary artery disease, type 2 diabetes, and Alzheimer’s disease over time [38].

Even in the absence of increases in aerobic fitness, an improvement in health 
status indices can be detected as PA levels rise. That is especially true in the elderly, 
where frequent PA can minimise the risk of chronic illness and impairment while 
having no discernible effect on conventional physiologic performance metrics such 
as oxidative potential and cardiac output. PA can improve musculoskeletal fitness as 
well as cardiovascular fitness. According to a growing body of evidence, improved 
musculoskeletal fitness is linked to greater overall health and a lower risk of chronic 
illness and disability.

Health-related quality of life and hospitalisation, surgical results, and death 
are all influenced by one’s ability to execute fundamental physical duties. Patients 
on haemodialysis benefit from PA because it increases their bodily function and 
physical ability, which lowers their blood pressure and increases their oxygen intake 
to their maximum potential [39]. The number of 30-second sit-to-stand tests (STS) 
increased after exercise began, and the time it took to complete the 8-foot timed 
up-and-go tests decreased, with no evidence of exercise-related unpleasant sensa-
tions. Some patients underwent a low-intensity home walking programme, while 
others were assigned at random to a slower-moving control group [40]. As a result, 
PE helps people with CKD become more fit and functional.
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4.5 Patients with CKD

According to a recent meta-analysis, exercise treatment improved eGFR while 
simultaneously lowering blood pressure, BMI, and systolic blood pressure in CKD 
patients who were not on dialysis. Short-term exercises have been shown to lower 
TG levels as well [41]. Another systematic review and meta-analysis on individuals 
with comparable conditions found that frequent exercise increased peak oxygen 
consumption more than standard treatment and improved physical and walking 
abilities [26].

The effectiveness of a systematic physical exercise programme in patients with 
HD was examined over the course of a long trial, which also looked at patient 
compliance and the study’s clinical outcomes. Exercise ability, strength, and QoL 
improved significantly over the course of a year in individuals with high and moder-
ate compliance [42]. Recent meta-analysis shows that exercise improves HRQoL and 
aerobic capacity in people with ESRD undergoing HD. Patients’ physical conditions 
improved as a result of doing aerobic or combination exercises for eight to 52 weeks, 
three times each week, according to the authors [43].

5. Risks associated with physical inactivity in patients with CKD

5.1 Why to improve HRQoL in patients with ESRD?

Patients on dialysis, like those with cancer or heart failure, have lower HRQoL 
and quality of life than the general population [44]. Treatment for end-stage renal 
disease (ESRD) has advanced significantly, but mortality and morbidity remain 
high and the quality of life for those on dialysis is declining. A patient’s well-being 
and survival chances are taken into account when a treatment plan’s success is 
assessed. ESRD patients are more likely to die or be hospitalised if their quality of 
life (QoL) is low, according to new research [45].

Despite improvements in care outcomes such as dialysis adequacy (Kt/V), 
phosphorus management, and haemoglobin levels, HRQoL among dialysis patients 
has not changed much over the preceding 10 years. The quest for therapies to 
improve dialysis patients’ HRQoL has been undertaken by a number of studies. 
Renal replacement therapy’s primary goal is to improve HRQoL in dialysis patients 
by increasing patient satisfaction and by improving their overall prognosis [46].

Overall survival has been linked to a range of clinical outcomes, including 
HRQoL (health-related quality of life). HRQoL measures both mental and physi-
cal health. The prevalence of depression in dialysis patients (up to 30%) has been 
linked to hospitalisation and mortality [47, 48]. A better mental health status can 
be achieved with the appropriate management [49]. Identifying and assessing the 
mental health state of these people is so critical. Another reason for low HRQoL is 
a patient’s worsening physical health. Patient’s PA and physical function are typi-
cally impaired in dialysis patients. There is a link between reduced PA and physical 
performance on an on-going basis and symptoms of depression and anxiety, and 
dialysis patients with lower physical function have a lower chance of survival 
[50, 51]. Patients on haemodialysis who are in poor physical health 3 months after 
dialysis begins are more likely to die [52].

As a result of these findings, we feel that HRQoL in ESRD patients must be 
improved in order to boost functional ability, psychological status, and patient 
satisfaction, lower mortality and hospitalisation rates, and improve the overall 
prognosis of the patients.
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5.2 Exercise in patients with ESRD

On the day of dialysis, dialysis patients are much less physically active than the 
general aged population, as they are sedentary throughout the process and suffer 
from post-dialysis weariness. On days when they are not receiving dialysis, dialysis 
patients are 17% less physically active than non-dialysis patients. With decreased 
physical activity comes several risks, such as catabolic disorders that can cause 
muscle loss and lead to sarcopenia, mitochondrial dysfunction, and other condi-
tions such as anaemia, mineral disorders, protein energy loss, diabetes, neurological 
dysfunction, and cardiovascular dysfunction [20]. Dialysis patients may also be at 
risk for these conditions.

Better results are strongly linked to increased levels of physical activity and 
healthy exercise habits. In all DOPPS countries, independent of physical state or 
social circumstances, patients who regularly exercised more than once a week had 
superior outcomes, according to the Dialysis Outcomes and Practice Pattern Study 
(DOPPS) [53]. Patients on CKD and dialysis who receive PA had a decreased death 
rate [20]. In addition, dialysis patients who completed a median of around 4000 
steps daily and had PA of more than 50 minutes per day had better outcomes [54]. A 
less sedentary lifestyle is related to the improved results even in CKD patients with 
various impairments [20].

5.3 Factors leading to poor physical function

Exercise is hindered by factors that prevent genuine clinical practice from follow-
ing the evidence. A study conducted in the United Kingdom found some important 
characteristics linked to CKD patients’ behavioural alterations. Their physical health 
(frailty, anaemia, and age-related problems) and mental health (fear of damage or 
worsening of their ailment) were hindering their ability to engage in regular physi-
cal activity. People with concurrent illnesses and CKD-related symptoms including 
weariness and joint discomfort rated this as the biggest challenge to doing enough 
exercise [55]. Fear of injury was one of the biggest psychological barriers to physical 
activity. Some patients’ fears about exercise may stem from the fact that healthcare 
providers are not adequately informing them about the health benefits of physical 
activity [56]. Individuals wanted individualised guidance and support from their 
healthcare providers on safe and effective exercises for those with kidney disease.

Further research from Canada found that weariness, dyspnoea, and weakness 
were the most common barriers to PE in a patient-reported outcome study (PRO). 
Regardless of modality or age group, PE patients preferred to exercise at home 
(73%) using a combination of AE and RE (41%). Despite the fact that most research 
has shown good effects on biochemical indicators and the potential for reduced 
mortality, these PRO studies suggest that these hopeful results are less meaningful 
for dialysis patients and may not encourage them to adhere to an “exercise regimen.” 
Instead, they are looking for ways to reduce exhaustion and regain energy so they 
can go about their regular activities normally. As a result, it is critical that we identify 
and address these challenges in order to ensure high levels of patient satisfaction. 
In other words, custom programmes must be approved in order to start and sustain 
regular PE adherence.

6. Exercise has an effect on patients with CKD

As stated previously, patients with CKD are less fit and functionally compromised. 
When compared to healthy persons, their aerobic capacity is about half as poor, and 
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they have weak physical strength and mobility problems. They are more likely to 
suffer from many disorders. People often complain of back, hip, and leg discomfort, 
tiredness, and muscle weakness due to electrolyte imbalance and other reasons [57].

6.1 Muscle structure and function

After a six-month exercise programme in HD patients, histological testing 
revealed a 51% increase in type II fibres and a 29% increase in average fibre area. 
There was also an increase in capillary density and mitochondrial regeneration 
[58]. Cross-sectional fibre area increased by 46% after 6 months of AE treatment, 
although another study found a drop in the percentage of atrophic fibre types I, 
IIa, and x as a result (from 51, 58, and 62% to 15, 21, and 32%, respectively). The 
therapy also improved the capillary network in the muscles. After a 12-week intra-
dialytic progressive RE, there was a rise in thigh muscle volume [59]. The increased 
mitochondrial number and greater rate of protein synthesis that come with strength 
PE may also result in an increase in aerobic capacity. PE A rise in calcium levels in 
the cell cytoplasm, a surge in ATP production, and the creation of reactive oxygen 
species are all associated with endurance training, according to research [60]. 
Changes in mitochondrial function can occur after a few weeks of physical exertion 
(PE), and the degree of change is inversely proportional to PE intensity.

When looking at the effects of PE on adult CKD patients, a systematic review 
found that it had a significant favourable impact on metrics such as walking capac-
ity, CV dimensions, and physical fitness [14]. Studies on exercise’s positive effects 
on cardiopulmonary function, muscle strength, and walking ability in people with 
CKD revealed a meta-analysis [61].

A recent systematic review and meta-analysis found that resistance training, 
rather than aerobic training, significantly increased leg mass. After undergoing 
RE, my grip and knee extension strength significantly increased. AE claims to have 
enhanced the STS short form, but there is not enough proof to back them up. The 
6-minute walking test score and the median version of the STS test in the physical 
performance dimension were both improved by AE and RE [62]. High-intensity 
resistance (RE) training on dialysis patients may increase muscular growth and 
strength, especially in the trained muscles. If dialysis patients desire to improve 
their physical performance, they can use AE and RE.

6.2 Nutrition

There is an imbalance between the increased protein requirement and the 
inadequate dietary food intake caused by HD, which results in skeletal muscle loss 
in CKD patients. Increased protein synthesis and anabolism from regular PE may 
help to slow the rate at which people lose lean body mass as they age. On non-HD 
days, however, As found in aged adults, and HD patients have a lower muscle 
protein synthesis response to diet. Furthermore, combining physical exercise 
with a high-protein diet has been shown to help decrease or even stop muscle loss. 
When used in conjunction with RE, intradialytic nutritional supplements improve 
both body composition and muscle mass. With PE, nutritional supplementation 
has significantly stronger protein anabolic effects when taken orally. Increased 
phosphorylation of mRNA translational signalling proteins due to RE and whey 
protein intake leads to enhanced protein synthesis in untrained individuals. In 
addition, ingestion of whey protein after RE activates the mTOR signalling pathway 
in a dose-dependent manner [63]. Supplementing PE with proper energy sources 
such as carbohydrates, protein, vitamins and iron will help keep muscle protein 
breakdown under control. Due to the energy loss and decreased digestive function 
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associated with dialysis, patients are advised to consume more protein (1.2 times) 
than the average person.

6.3 Cardiovascular function

Systematic PE protects heart tissue in ESRD patients and slows the progression 
of coronary artery disease by reducing myocardial oxygen demand and facilitating 
better perfusion. Inflammatory indicators are reduced, and endothelial function is 
improved as a result. The NO levels can be raised and coronary arteries and other 
vessels dilated in as little as a few weeks of PE practice. Chronic AE lowers heart 
rate, systolic and mean blood pressure, and both at rest and during submaximal 
activity, decreasing myocardial oxygen demand in those with CHD. Submaximal 
PE improves arterial compliance, lowers peripheral vascular resistance, and boosts 
cardiac output in HD patients. As a result of reduced sympathetic tone, these 
beneficial adaptations may be due to increased parasympathetic activity, decreased 
catecholamine levels, and decreased endogenous cardiac output stimulation. PE, 
particularly the AE, raises resting vagal tone while lowering sympathetic tone in 
both healthy people and those with kidney disease [63].

There are only a few studies showing that PE can help patients with left ventricular 
dysfunction by increasing myocardial contractility, ejection fraction, stroke volume, 
and left ventricular mass. Improvements in skeletal muscle performance are another 
evidence of PE’s beneficial effect on heart function [64]. The ejection fraction 
increased significantly after 30 minutes of intradialytic AE at 60–70% of maximum 
heart rate, according to the results of study. It was discovered that pre- and post-
training left ventricular ejection fractions were associated with VO2peak [64]. HD 
patients who participated in an outpatient exercise training programme saw similar 
improvements in heart function [65]. Finally, long-term exercise helps hypertensive 
HD patients regulate their blood pressure and lowers their mortality rate [43, 66].

6.4 Glycaemic control and insulin resistance

With AE, you will have better IS and less IR. RE also lowered blood glucose 
levels, indicating that it could be a viable option for diabetic patients looking to 
improve their glycaemic control [13]. Muscle tissue insensitivity is the major source 
of IR, which is a common symptom of uraemia regardless of the kind of renal illness 
present. Regular physical activity enhances IS in healthy persons as well as those 
suffering from disorders linked to a sedentary lifestyle [67]. When establishing 
training programmes to enhance IR, total exercise length should be considered, 
with 3 hours of exercise per week being proven to be more effective than 2 hours 
[68]. Patients on HD may be more resistant to the effects of exercise on IR if they 
are in a uraemic setting. The results of a 12-month trial comprising 3 to 5 courses 
per week demonstrated that exercise has an impact on IR in this group.

A combination of CE and AE or RE is better at controlling blood sugar than 
either one alone. As a result of the CE increasing IS, adipose tissue loss, increased 
muscle mass, and decreased visceral and subcutaneous fat are all observed. When 
AE or RE is used alone, the glycated haemoglobin level improves. Patients who had 
CE, on the other hand, had better glycaemic control [13].

6.5 Renal function

Many studies have looked at how exercise affects CKD prognostic variables. 
Patients with CV illness and CKD demonstrated improved eGFR with exercise 
therapy, according to one study [69]. Another study [70] confirmed that patients 
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with stage 3–4 CKD benefited from moderate-intensity exercise in terms of kidney 
function and BMI.

Meta-analysis of the impact of PE found that eGFR increased considerably in 
individuals with non-dialysis CKD, as did SBP, DBP, and BMI. PE had a rapid and 
considerable impact on TG levels (3 months). When it came to non-dialysis CKD 
patients, PE had no impact on SCr, TC, HDL-C, or LDL-C [41].

Kidney health benefits from exercise that includes both aerobic and resistance 
components. A meta-analysis of adult patients with CKD looked at renal function 
and discovered that combining exercise with medication significantly increased 
estimated glomerular filtration rate. The amount of creatinine in the blood was also 
reduced. These individuals’ blood pressure has also reduced dramatically. There 
were no significant differences in proteinuria, cholesterol levels, physical composi-
tion, or quality of life between the groups.

6.6 HD efficiency

The inclusion of intradialytic AE significantly increased dialysis efficacy after 
the first month in a randomised controlled trial (RCT) and remained elevated 
throughout the programme [17]. Another RCT found that interdialytic mixed 
resistance and aerobic exercise enhanced physical performance in the sitting to 
standing, handgrip force task, time up and go, and 6-minute walk tests. Similarly, 
mini-nutritional assessment long-form scores increased considerably following 
the intervention period. The somatic and mental components of the QoL scale 
expanded significantly, but hospital anxiety and sadness decreased little. According 
to the results of the biological parameters, combined exercise reduced blood 
pressure while increasing HDL-C, LDL-C, and TGs levels throughout the body; 
however, there was no significant effect of intervention time on C-reactive protein, 
haemoglobin, albumin, or total cholesterol levels in the study participants’ blood. 
In both the urea reduction ratio and the 6-minute walk test, aerobic and resistive 
training produced significant improvements. They dramatically increased dialysis 
efficiency and productivity [16].

6.7 Physical function and QoL

Regular exercise has been shown in a number of trials to help prevent CKD-
related pulmonary function losses by strengthening respiratory muscles and 
increasing pulmonary function [71, 72]. After a year of training at home, par-
ticipants with pre-dialysis CKD showed only minor gains in hand grip and knee 
extension strength [71]. Study after study found that older adults who were given 
more supervision gained more strength than older adults who were left alone, but 
these increases were often minimal [73]. Studies show that working out increases 
peak VO2 by 41% at the ventilatory threshold and 36% at the peak of activity. 
Ventilatory efficiency, on the other hand, was same between the two groups. The 
training groups did not differ in terms of strength or body composition; however, 
the 6MWT and 1STS showed improvement.

People with CKD had poorer HRQL even when they participate in exercise 
programmes despite evidence to the contrary [14]. Recent meta-analyses [43] 
reveal that physical activity improves aerobic capacity, walking ability, and HRQoL. 
The SF-36 domains of physical functioning, role physical, and role emotional 
all increased over time as a result of exercise training, resulting in remarkable 
improvements in overall health. After the exercise intervention, all five dimensions 
of Kidney Disease Quality of Life improved [74]. The EXITE (Exercise Introduction 
to Enhance Dialysis Performance) experiment found that MHD patients’ functional 
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status improved after a simple, personalised six-month home-walking programme. 
When compared to the normal treatment group, the exercise group exhibited a 
significant improvement in social interaction and cognitive performance, but the 
other 17 categories showed no significant differences [40]. There were five studies 
out of the 21 included in a meta-analysis that showed an increase in the SF-36 physi-
cal component score after exercise training, with a mean increase of 10%. In spite of 
the fact that the overall SF-36 physical component score changed little, the exercise 
group’s physical component score increased by 43% [74].

7. Benefits of exercise

Regular PE in patients with CKD is associated with a myriad of health benefits, 
including physiological, psychological, and functional benefits.

7.1 Physiological benefits

Regular PE reduces CV mortality, hypertensive medication use, inflammatory 
markers (C-reactive protein); prevents muscle wasting; improves toxin removal by 
dialysis, exercise capacity, blood pressure control, lipid profile (increased HDL-C 
and reduced TG), haematocrit (prior to erythropoietin therapy), glycaemic control, 
serum albumin, nutritional summarise.

7.2 Psychological benefits

There is a link between regular physical activity and a better psychological 
profile (lower stress/anxiety/hostility/depression and increased engagement in 
pleasurable activities), perception of general and mental health, physical function-
ing, and vitality. Subjective weariness symptoms are reduced, as is the impression of 
physical pain, all at the same time [75–77].

7.3 Functional benefits

Regular physical exercise improves muscle strength, 6-minute walk distance, 
gait speed, sit-to-stand time, balance (which reduces the chance of falling), inde-
pendence, and HRQoL [75–77].

8. Aerobic fitness and haematocrit (Hct) normalisation

Due to an increase in cardiac output and an improvement in muscles’ innate abil-
ity to receive and use oxygen from the blood, physical activity has inherent benefits 
[78]. According to a meta-analysis, both moderate and intensive exercise trainings 
improve cardiorespiratory fitness and cardiometabolic health [79].

Patients with ESRD have a significant loss of fitness and functional competence 
[80], increasing their risk of death and limiting their ability to carry out everyday 
tasks [81, 82]. Renal anaemia is one of the most important variables that contribute 
to poor physical fitness [14]. Anaemia lowers oxygen carrying capacity, posing a 
barrier to maximum oxygen intake, PE capacity, and time to fatigue, particularly in 
those with ESRD [83].

Oxygen absorption can be viewed as an avenue for oxygen to get from the lungs to 
functioning tissues via systemic blood released by the heart during PE (physical exer-
cise). Instead of being forced to deal with renal anaemia, recombinant erythropoietin 
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was developed. A popular treatment for anaemia is erythropoiesis-stimulating agents 
(ESAs), which enhance QoL and cognitive function [84, 85], reduce left ventricular 
hypertrophy [86], and slightly increase maximum oxygen uptake in relation to 
haematocrit rise when used to treat anaemia [87]. Intradialytic PE, on the other hand, 
increases maximal oxygen absorption [88, 89] and has a cardioprotective effect [90]. 
PE, like ESAs, does not restore exercise ability in CKD patients to that of healthy 
people [24, 91]. Both of these treatments have been proven to improve maximum 
oxygen uptake and physical fitness, but they do not restore patients’ fitness levels to 
those seen in the majority of sedentary people with normal renal function. Despite the 
fact that raising the haematocrit increases the blood’s oxygen carrying capacity, other 
parts of the oxygen pathway remain intact, preventing the normalised haematocrit 
from providing any further health advantages. The ability of regular PE to give its 
maximal benefit is, on the other hand, restricted by the existence of anaemia. In a third 
situation, some components of dialysis or ESRD obstruct the regular oxygen pathway, 
which may be unaffected by either Hct normalisation or regular PE [92].

When compared to the numbers in the untrained anaemic phase, PE, Hct  
normalisation, or their combination leads in significantly increased maximal power 
and VO2. PE boosts cardiac output, peak tissue-diffusing capacity, and citrate 
synthase activity, but Hct normalisation boosts maximum arterial oxygen and arte-
riovenous oxygen difference. The maximal arteriovenous oxygen difference did not 
increase even when arterial oxygen levels increased in the combined phase, and they 
were the same as in healthy sedentary people [93]. As a result, it can be inferred that 
exercise and Hct normalisation have good effects but do not result in normalisation of 
exercise capacity in HD patients, which could be due to skeletal muscle anomalies.

9. Intradialytic exercise (IDE)

In order to urge patients to be more physically active, doctors often prescribe 
IDE (intermittent daily encouragement). It reduces fatigue, improves sleep quality, 
increases exercise tolerance, raises QoL, and even improves psychological status 
when used correctly. Furthermore, it has been proposed that IDE can boost dialysis’s 
efficiency, which in turn reduces inflammation and boosts bone mineral density.

Because they may combine both aerobic and anaerobic elements into a single 
training session, the sit-to-stand test and the 6-minute walk test have been found to 
increase fitness. The depressive state index dropped significantly. The results of the 
QoL survey, with the exception of physiological discomfort, did not demonstrate 
a substantial rise. There were no significant changes in dry weight, blood pressure, 
Kt/V, or metabolic variables except for intradialytic hypotension. According to a 
meta-analysis, IDE raises Kt/V and maximum oxygen consumption during physical 
activity, reduces depression, and enhances the physical component of quality of 
life (QoL). SBP and DBP could both be dramatically reduced with IDE. In the end, 
IDE had no effect on the mental component of QoL. The enhanced muscle blood 
flow and expanded capillary surface area caused by IDE, on the other hand, may 
help HD remove toxins more effectively. There was also less dropout and increased 
compliance with the IDE [94] in addition to better acceptance and adherence.

10. Analyses of intradialytic vs. non-clinical exercise programmes

Home-based exercise (HBE) was found to be as effective as centre-based 
training in CKD patients who were not on dialysis. After 12 and 24 weeks, all of the 
cardiopulmonary metrics, including VO2peak, improved significantly. This was also 
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seen during follow-up with respect to functional ability assessments. QoL and sleep 
both improved significantly [95].

In other research, researchers have compared the effects of IDE and HBE on the 
symptoms of HD. Neither their 6-minute walk test distance nor their pulse wave 
velocity changed significantly during the course of the study’s 6-month follow-up 
period (which included blood pressure readings from both the peripheral and 
central nervous systems as well as physical activity). The second trial found that 
both groups’ levels of physical activity grew significantly over time. While the one-
legged standing test had a significant group-time interaction, the Short Physical 
Performance Battery, the timed up-and-go test, the STS-10 right and left hand 
grab, and the one-heel left leg rise all had a significant time influence. There was no 
change in the HRQoL score. Physical activity levels and physical function changed 
similarly in response to both treatments [96]. As a result, the effectiveness of IDE 
and HBE is comparable, and both produce positive effects.

11. Serum phosphate levels in a group of haemodialysis patients

Hyperphosphatemia, one of the comorbidities commonly associated with 
increased cardiovascular risk, is caused by reduced renal excretion of phosphate in 
CKD patients. Reduced hyperphosphatemia reduces the risk of vascular calcifica-
tion in patients on pre-dialysis and MHD therapy. Medical intervention (active 
vitamin D, phosphate chelators, and calcimimetics) and diet are crucial in the treat-
ment of mineral bone disorder-CKD. PA affects phosphate absorption in the gut.

According to a study, active HD patients had the highest levels of serum phos-
phate, and the link between the two was determined to be direct. The levels of 
serum phosphate were shown to be closely linked to those of serum calcium and 
albumin. An unanticipated rise in serum phosphate levels should be minimised and 
overall results should be improved by tailoring nutritional advice for chronic HD 
patients according to their amount of physical activity [97].

Patients who were hyperphosphatemic at baseline, but not the general popula-
tion, did not improve appreciably following a 12-month moderate-intensity aerobic 
IDE, according to the results of another trial. The malnourished inflammation score 
remained constant throughout the study. A small but statistically insignificant rise 
in the QoL visual analogue scale was associated with IDE. Patients with hyperphos-
phatemia benefited the most from 45 minutes of aerobic IDE, which was reported 
to be both safe and effective [98].

Cycling on stationary cycles while getting haemodialysis was found to be a safe 
and helpful therapeutic intervention for individuals with end-stage renal disease in 
a recent RCT (ESRD). After an 8-week intervention, serum phosphate and para-
thyroid hormone levels improved dramatically, whereas albumin and calcium levels 
remained stable [99].

12. Conclusion

Sedentary lifestyles and lack of regular physical activity are common among 
CKD patients. This way of living has a negative impact on HRQoL and raises the 
risk of disease and death. Physical activity enhances physiological, functional, 
quality of life (QoL), and psychological components when done on a regular basis. 
When used in conjunction with dialysis, it improves both efficiency and adherence. 
However, overcoming the obstacle to regular PE and prescribing personalised PPE 
to CKD patients should be prioritised.
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Abstract

Hope facilitates the adaptation of disability to health care. In the context of 
chronic kidney disease, hope is a relevant factor, as it encourages patients to adhere 
to treatments that include invasive procedures, change their lifestyle, and remain, 
even if weakened, in a painful and delicate treatment. Currently, there are three 
main therapies for the advanced stage of chronic kidney disease: hemodialysis 
(HD), peritoneal dialysis (PD), and kidney transplantation. The last is the ideal 
treatment, but not all patients can be transplanted, for different reasons. Thus, 
most individuals in a situation of renal failure undergo hemodialysis or peritoneal 
dialysis. Kidney failure is an unpleasant and difficult disease to accept. In general, a 
chronic renal patient on dialysis can live in anguish, fear, and insecurity about their 
subsequent quality of life. Thus, you can abandon your everyday life desires as well 
as your dreams of enjoying more favorable conditions in the future. The Herth Hope 
Scale aims to quantify hope in individuals in clinical situations. Therefore, this 
chapter will deal with the level of hope of dialysis patients, proposing a comparison 
between those who undergo hemodialysis and peritoneal dialysis.

Keywords: hope, chronic kidney disease, nursing, renal dialysis, kidney 
transplantation

1. Introduction

Hope is a construct that helps to adapt to the treatment of various diseases [1]. 
It is a multidimensional, universal, and dynamic concept, being described as a 
cognitive process through which individuals actively pursue their goals, in an effort 
to move from the current situation toward new, more favorable conditions in the 
future [2].

This multidimensional concept allows the feeling of hope to permeate different 
disciplines. Because it has many approaches, it reveals itself as a transversal phe-
nomenon, with multiple meanings, covering different areas of knowledge [3]. It is 
an individualized and subjective feeling, lived in a unique and personal way.

In the health area, hope is a concept that has gained increasing importance, 
especially for nurses who have a fundamental role in health promotion, as they are 
professionals who are in a privileged position to favor this feeling for those who 
receive their care [4].
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In the context of chronic kidney disease (CKD), hope is a relevant factor, as it 
is what leads the patient to undergo relentless invasive procedures to change their 
lifestyle and to remain, even if weakened, in painful and delicate treatment [5].

According to data from the “Brazilian Chronic Dialysis Survey,” in 2019, there 
were about 139,691,000 patients with dialysis in Brazil [6]. These patients face 
severe limitations, especially physical and emotional, imposed by hemodialysis 
and/or peritoneal dialysis [7, 8].

The growing interest in the concept of hope in professional health areas reflects 
the commitment and concern to reinforce this aspect with patients, in order to 
contribute to training to deal with situations of crisis and suffering [9].

Thus, given the alarming statistics and so many challenges faced by chronic 
kidney patients, whether in the physical, mental, social, or spiritual sphere, it is 
important to analyze the level of hope of patients with chronic kidney disease, due 
to its relevance in the patient’s adaptation to treatment.

2. Hope in the health area

Hope is a multidimensional, universal, and dynamic concept. It can be described 
as a cognitive process through which people actively pursue their goals, in an effort 
to move out of a current situation, toward new, more favorable conditions in the 
future [2]. It is a construct that facilitates the adaptation of individuals to different 
health treatments [1]. In view of this, as it is associated with this concept, hope does 
not belong to a single discipline, it manifests itself as a transversal phenomenon, 
with multiple meanings, covering different areas of knowledge [3].

In the field of health, hope has become of paramount importance, gaining more 
and more relevance and strength. Thus, in the field of nursing, nurses occupy a 
privileged position to encourage this feeling with patients who receive their care [4]. 
Therefore, it is necessary that these professionals understand that hope allows their 
patients’ personal, clinical, and social adaptive efforts to be successful, in order 
to enable a possible intervention through actions, aiming to help their patients to 
adapt to a life reconstructed and modified [1].

In this context, in the face of kidney diseases, hope is a relevant factor [5]. CKD is 
an unpleasant and difficult disease to accept. Patients with CKD are individuals who 
face severe limitations, especially physical and emotional, imposed by hemodialysis 
and/or peritoneal dialysis, at the risk of living in anguish, fear, and deep uncertainty 
about their future, giving up their daily desires for life, and their dreams of having a 
pleasant future [7, 8, 10].

In summary, it can be said that the limitations resulting from kidney diseases 
produce negative effects on the energy and vitality levels of patients, as they 
establish restrictions related to common daily activities, causing severe changes 
in productive and personal life, which can lead to a functional disability of the 
individual [7, 11]. Given the above, identifying the level of hope of CKD patients 
can contribute to better coping with the treatment and the limitations/restrictions 
it imposes, preparing them to deal resiliently with the pain of the moment and the 
uncertainties of the future [5, 12].

2.1 The feeling of hope

Studies have shown that the induction of the state of hope expands the human 
being’s field of attention, develop positive emotions, intuition, and creativity [13] 
that favor the release of hormones that alter the body system, favoring positive 
thoughts and emotions [14].
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Therefore, positive emotions promote mental and physical health, as these 
feelings reinforce resilience in the face of adversity, increase happiness, and favor 
psychological growth [13].

Hope is a part of positive emotions, along with love, joy, forgiveness, compassion, 
faith, reverence, enthusiasm, contentment, satisfaction, a sense of control, and 
gratitude. Hope is a feeling that leads to emotions, capable of providing well-being 
and improving the quality of life of individuals, especially those undergoing treat-
ment for chronic and/or severe diseases [15]. Positive emotions connect us with our 
experience of the divine; however, we conceive of it. In this way, spirituality works as 
a kind of amalgamation of positive emotions [16].

In this line of argument, it can be said that hope is not a mere cognitive defense 
mechanism, but a positive emotion. According to Vaillant, [16] the feeling of hope 
allows us to deal with reality in a lucid way and look death directly in the eyes and 
accept the reality of incurable diseases. Paradoxically, the greater the suffering, the 
greater the power of honest hope, as the individual embraces the truth.

The opposite of hope is hopelessness (or despair), which is reflected in our 
organism through negative emotions that cause metabolic and cardiac excitement, 
activated by the sympathetic autonomic nervous system, triggering reactions such 
as fight or flight. Negative emotions, such as fear and anger, limit the individual’s 
attention, causing him/her to become entangled in unnecessary detail without 
seeing the context. So, suffering is hope destroyed, and it causes pain, loss of 
self-control, and despair. However, if the end of hope turns pain into suffering, the 
return of hope makes suffering a tolerable pain. Suffering is the loss of autonomy, 
and hope is your restoration of personal power and self-confidence [16].

Similarly, the opposite of trust is distrust, and the opposite of hope is despair. 
Without trust, we are cautious and even paranoid. Hopeless, we are completely 
depressed. Hopelessness and clinical depression are the same thing and can be fatal. 
Soon, hope will be born out of an involuntary need to function effectively in the 
face of threatening situations. It is a source of comforting emotion and reminds us 
that tomorrow can always be better. Hope and despair are feelings, and true hope 
has its roots in the heart, music, and cognitive awareness [16].

Hope is born from the dialectic of feelings of indignation and anger. The indig-
nation lies in the refusal to live in a situation of misery (or inequity) that prevents 
human beings from going beyond, from being more. Anger and indignation are 
motivating feelings of denial and make the individual look for changes in an 
undesirable situation. Ultimately, hope is a feeling capable of transforming reality, 
of making human beings always seek their best [17].

Added to this, hope must be distinguished from desire, since the latter is 
associated with words and the left side of the brain. On the other hand, hope is 
made up of images and relates to the right side of the brain. Desiring something 
is effortless. Hope, in fact, takes a lot of effort and shapes real life. It reflects our 
ability to imagine a positive and realistic future. Hope is then emotional, energiz-
ing, and it gives strength. Desire, in turn, is a passive, cognitive feeling and can be 
debilitating [16].

Furthermore, in the context of health, hope leads the patient to take the focus 
off the pain. Hope is the result of our first experience with zeal, it comes from the 
visceral feeling, not from a cognitive knowledge that we are important and that we 
will win someday [16].

2.2 The hope of the chronic kidney patient

In the context of kidney diseases, available treatments such as hemodialysis (HD), 
peritoneal dialysis (PD), and kidney transplantation have profound implications, 
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both physical and emotional [18]. It is known that renal replacement therapies (RRT) 
have increased the survival of patients with chronic kidney disease (CKD), but it 
is important to emphasize that they generate negative impacts on these people’s 
lives [19].

Soon, nursing care, which in its essence seeks integrality of action, defined by 
a singular objective according to the particular need of each individual, considers 
human needs, in the physical, emotional, mental, and spiritual dimensions, aiming 
to promote the feeling of hope [20].

In the clinical management of CKD, the nursing team knows the importance of 
maintaining the feeling of hope, as the treatment generates frustration and limita-
tions, due to various restrictions, such as maintaining a specific diet associated with 
water restrictions and changes in body appearance in the reason for the presence of 
the catheter for vascular access or the arteriovenous fistula. Thus, the patient lives 
daily with an incurable disease, associated with a long-lasting painful treatment, 
with possible complications, generating even greater limitations and changes of 
great impact [21].

Dialysis has negative effects on individuals’ energy and vitality levels. The vari-
ous restrictions related to daily activities and the severe changes in productive and 
personal life can lead to functional disability [7, 11, 18].

Chronic kidney patients face a drastic transformation in their daily lives, expe-
riencing various limitations such as painful treatment, controlled diet, changes in 
family life, changes in professional and social life [22]. In this sense, the new life 
condition of these individuals affects not only their physical condition but also 
their social, family, economic, psychological, and spiritual dimensions, due to 
the prolonged period of exposure to long and stressful situations, inherent to the 
therapeutic procedures of the renal syndrome [23].

It is a fact that dialysis therapy is essential, as there is no way to be different, as 
intervention is necessary. In this way, it symbolizes the breadth of their suffering, as 
it affects the patients’ lives as a way of imprisoning their entire existential potential, 
in the face of a difficult, inflexible reality, full of necessary restrictions. However, a 
good level of hope echoes in their heart, the possibility of transplantation reminds 
them of a “light at the end of the tunnel,” given the inspiration of having a “normal 
life,” far from the limitations imposed by dialysis [20].

The psychosocial impact of a chronic disease, such as the end-stage of kidney 
injury, is intense and deserves attention as a stressor, as feelings of anger with the 
treatment and loss of stimulus to maintain balance are common, leading patients 
to miss the dialysis sessions, not respecting water restrictions, drinking alcoholic 
beverages, and even using drugs [11].

Kidney disease is unpleasant and difficult to accept. Chronic renal dialysis 
patients run the risk of living in anguish, fear, and deep uncertainty about the 
future, with a great possibility of abandoning their daily life pleasures, as well 
as their dreams of having a blessed future [10]. Thus, there may be the trigger-
ing of doubts about their life expectancy, in addition to fear and other negative 
feelings [23]. In this sense, suicidal thoughts, poor perception of health, and the 
lack of hope to improve their quality of life are common feelings throughout the 
process [22].

Therefore, it is expected that the patient will present feelings of hopelessness, 
given the huge impact that CKD causes, both in the individual’s personal and pro-
fessional life. In this situation, maintaining hope is a valuable process in the coping 
process [21].

The individuals with CKD in the disease process may lose autonomy, with a 
consequent reduction of hope in the continuity of their own life, since different 
forms of lifestyle interfere, which can interrupt or hinder their insertion in the 
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means of production in society, dramatically affecting their daily life. Thus, the 
patients become dependent on constant and permanent care from the health service 
and a machine [24].

The illness process of the kidney patient is intensely experienced, associated 
with various manifestations of personal behavior, from the discovery of the disease 
to the possibility of kidney transplantation. Kidney transplantation is desired 
by most patients. The term “new kidney” represents a healthy kidney, hope for 
resuming life, independence from the machine, and the “cure” related to faith. 
Attachment to belief is mentioned by patients, as it brings comfort and hope, 
strengthening and promoting the well-being of CKD waiting for a new kidney [25].

The patient awaiting kidney transplantation experiences negative and positive 
feelings. Negative feelings consist of insecurity, uncertainty, lack of autonomy, 
dependence, fear, lack of clarity, high perspective, difficulty in coping, inner 
conflict, hopelessness, and nonconformity. The positive ones, on the other hand, 
constitute the hope of happiness, will to live, well-being, overcoming difficulties, 
desire to maintain life, and search for quality of life [20].

The transplant is expected in the time in which the patient’s experience is lived, a 
time full of meanings. It is a time to be-wait. Time in which you learn to be atten-
tive and prepared, to fulfill the meeting with an uncertain future that awaits you. 
An uncertain future that will arrive unexpectedly and unannounced, meaning the 
end of the suffering that has been experienced since the moment of CKD diagno-
sis. Therefore, the option for transplantation is the hope of improving quality of 
life [26].

Generally, transplant recipients are aware of the finitude of the kidney. The 
duration of the organ is a continuous issue that permeates the lives of transplant 
patients, as some factors can influence its duration, such as the body’s defense 
against foreign agents and the emergence of new diseases. The challenge for trans-
plant recipients is to ensure that the graft lasts as long as possible [26].

The transplant requires a lot of care, such as the use of various medications, and 
there are risks of complications, including death, if the donated kidney is rejected 
by the recipient’s body [1, 27].

In a survey conducted in a hemodialysis clinic of a public hospital in Brasília, 
it can be seen the patients registered on the kidney transplantation waiting list 
(mostly young and of working age) had lower levels of hope than those who 
weren’t, which suggests that patients who are not registered on the transplantation 
waiting list feel safe and adapted to hemodialysis [28].

Another research pointed out that although transplantation can be seen as a way 
of “liberation,” patients know that it does not reflect the possibility of total rescue of 
the aspects of life left behind. In this sense, transplantation does not mean the total 
and definitive resolution of the “problems,” since these individuals experienced an 
undesirable survival of quality of life, resulting from restrictions caused by CKD, as 
a sudden change in their daily lives, full of limitations, merciless treatment and with 
an inevitable thought of death. Thus, transplantation is seen as something new, 
with multiple meanings, limited by fear and disbelief [20].

In view of the COVID-19 pandemic scenario, potential deceased donors and 
actual kidney, heart, and cornea donors were significantly reduced. In addition 
to the SARS-CoV-2 being an impediment to organ donation, with the government 
measures of social isolation, the number of accidents decreased, thus impacting 
the brain deaths of possible donors [29].

Another aspect that contributes to the multiplicity of meanings is the aware-
ness that the organ can fail at any time, feelings of anxiety and sadness, and the 
fear of losing the transplant and the consequence of returning to dialysis therapy. 
However, transplantation also promises to release the bonds imposed by the disease 
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and treatment, allowing these individuals to make new plans and activities that the 
disease forced them to interrupt [26].

In summary, in the transplant phase, patients believe in success, due to the fact 
that it provides them with a lifestyle close to the “normality” experienced before 
the diagnosis of the disease. Kidney transplantation is associated with the life of 
a healthy individual, linked to the sense of being reborn and starting a new life. 
The new birth allows them to escape the space where they were confined by pain, 
suffering, and anguish [26].

Despite the ambiguity of feelings about the result of kidney transplantation, it 
is noted that transplantation fosters the feeling of hope of some individuals, who 
see in it an opportunity for a new life, with more freedom and quality. At the same 
time, it is a therapy that still causes fears and uncertainties regarding the success 
and duration of the procedure [27].

In this context, faith can be a source of hope, as it helps to deal with uncertain-
ties in the transplant process, offering comfort and tranquility, being one of the 
most used coping strategies while waiting for the donation. Receiving a kidney 
donation is a way to free yourself [26].

Therefore, hope is beneficial to the health of these individuals, as it contributes 
to the empowerment of patients when dealing with crisis situations, aiming at 
maintaining the quality of life, setting goals, and promoting health [21].

There is no doubt that the events are reenacted, by encouraging the adherence 
of positive feelings, such as hope, for example, in order to enable the chronic renal 
patient on dialysis to face the disease optimistically, helping them to reestablish 
their health, so that they continue fighting for their survival. The hope in health 
recovery makes the patients travel long distances in search of the arduous treatment 
for their disease, such as the tireless invasive procedures, changes in their lifestyle, 
their routine, and even if weakened, they remain in treatment [5].

Without a doubt, hope can help them to position themselves in a positive way in 
the face of different situations in life.

Some scientific instruments aim to quantify hope in individuals in clinical situ-
ations, such as the Herth Hope Scale (EEH), developed by Herth (1992), originally 
called the Herth Hope Index [30].

The EEH is a scale that has 12 affirmative items. The grading of its items occurs 
using a four-point Likert-type scale: 4 indicates “completely agree” and 1 indicates 
“completely disagree.” There are two – items 3 and 6 – that have inverted scores. 
The total score ranges from 12 to 48, and the higher the score, the higher the level of 
hope. It is a scale considered brief (it takes, on average, 10 minutes to complete) and 
easy to understand [9, 21].

The items on the EEH scale are composed of the following statements: (1) I 
am optimistic about life; (2) I have short-term and long-term plans; (3) I feel very 
lonely; (4) I can see possibilities in the midst of difficulties; (5) I have a faith that 
comforts me; (6) I am afraid of my future; (7) I can remember happy and pleasur-
able times; (8) I feel very strong; (9) I feel able to give and receive affection/love; 
(10) I know where I want to go; (11) I believe in the value of each day; (12) I feel 
that my life has value and usefulness.

The Herth Hope Scale is of great importance, as it is a validated instrument for 
the use of patients in clinical situations (chronic, oncological and/or palliative care 
patients, and family caregivers) and the planning of interventions in the scope 
of nursing services. Reliability was verified through internal consistency analysis 
represented by Cronbach’s alpha coefficient of 0.834, which demonstrates a high 
reliability of the instrument [30].

In a research on the applicability of EEH in patients with chronic kidney disease, 
the result was obtained that despite all the limitations imposed by the treatment 
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and by the disease itself, the studied population had a high level of hope. In these 
patients, it was observed that the item with the highest HSE score was that which 
refers to faith as a measure of comfort (item 5, “I have a faith that comforts me”). 
Therefore, it was possible to deduce that faith contributes to maintaining a high 
level of hope [28].

The same research compared the level of hope between patients undergoing 
hemodialysis and those undergoing peritoneal dialysis, there was no statistically 
significant difference, since both groups maintain a high level of hope, even with 
routine differences related to treatment [28].

The fact that motivated the comparison was the perspective that patients on 
peritoneal dialysis have a higher level of hope than those on hemodialysis, due to 
the fact that they dialyze at home and depend less on the modality. A study on the 
domain of self-care indicates that patients on peritoneal dialysis are favored because 
there is less loss in activities of daily living and more free time, causing minimal 
changes in their routine [31].

2.3 Treatment and nursing

The nursing team must plan care strategies for patients with CKD, with a view to 
increasing the patient’s hope, seeking to minimize the aspects that impede adherence 
to treatment. A systematic review pointed out, through the analyzed studies, some 
strategies that should be implemented to survey the patient’s needs, such as: listening 
to the patient/relatives, establishing an empathetic relationship and developing com-
munication skills, maintaining a sense of humor, and encouraging positive memories; 
strengthen social/family support; strengthen spiritual support; explore patients’ 
feelings; foster emotional and motivational strategies; discuss information about the 
disease; set realistic goals and encourage the person to look beyond the disease [32].

A study identified that young people have greater difficulty in adhering to treat-
ment, due to issues involving immaturity and resistance to the restrictions imposed 
by the disease and hemodialysis itself. However, the nurses successfully managed 
the resistances encountered, favoring the acceptance of the disease and treatment, 
maintaining the spiritual connection and emotional balance at high through con-
versations with the young people, seeking during the appointments and clarifying 
doubts, fears, and insecurities [33].

By providing comprehensive care and due to prolonged contact with the patient, 
nurses are able to create an interpersonal relationship, which favors a therapeutic 
bond. In this way, the observation capacity is expanded, detecting verbal and non-
verbal expressions indicative of relevant and contextual situations, which may or 
may not interact with the patient [20].

Nurses are essential agents for promoting hope. Thus, moments of conversation 
and interaction with patients are opportunities that encourage this feeling, accord-
ing to the needs of each one. Although they also have their own personal, family, 
spiritual, and/or financial dilemmas and problems, nurses are professionals capable 
of positively interfering in the level of hope of patients with chronic kidney disease 
on dialysis, since, in their interventions, with light technologies, they deal with 
essential themes such as faith, beliefs, and religion [33].

Nursing teams must implement interventions aimed at promoting and main-
taining hope strategies, favoring the planning of comprehensive care that aims to 
improve the quality of life of patients with CKD [33].

Therefore, it is important that the nursing team is aware of the complications of 
the disease, anxiety, and possible stresses that involve this condition. Thus, promot-
ing and encouraging care, also through health education, is essential, with a view to 
reduce low self-esteem related to the evolution of treatment [34].
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3. Conclusion

Despite all the limitations imposed by the disease, these patients still manage 
to maintain a good level of hope, supported by faith, religion, and a good support 
network.

Hope is a feeling that facilitates the adaptation to treatment and helps patients to 
support the limitations imposed by the disease. Thus, nursing is the profession that 
is closest to the patient in their hemodialysis routine, therefore, they must imple-
ment interventions aimed at promoting and maintaining hope strategies, favoring 
the planning of comprehensive care, aiming at a good quality of life.

© 2021 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms 
of the Creative Commons Attribution License (http://creativecommons.org/licenses/
by/3.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited. 
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Chapter 3

Hemodialysis AV Fistula: What a 
Radiologist Should Know?
Vaidehi A. Patel

Abstract

Hemodialysis works as a lifeline for end stage renal disease patients. Creation 
and maintenance of vascular access for dialysis is the mammoth task. Due to 
increased references related to vascular access; number of complications are faced 
in pre as well as post operative period of vascular access creation. Ultrasound and 
color Doppler study play a major role in imaging throughout this period. Pre opera-
tive vascular mapping is very crucial to help surgeon to determine the proper site 
and surgical technique for vascular access creation. Early and delayed post operative 
complications can also be diagnosed with ultrasound and color Doppler study. Here 
we have tried to cover all the important points which a radiologist should consider 
during pre operative vascular mapping and post operative evaluation of vascular 
access as well as any associated complications.

Keywords: Hemodialysis, Arterio venous fistula, End stage renal disease

1. Introduction

Patients with end stage renal disease (ESDR) on maintenance hemodialysis 
(MHD) need vascular access to start and continue hemodialysis (HD) as a Renal 
Replacement Therapy. The Creation and maintenance of vascular access (VA) is 
a difficult task. With increased references related to VA to radiology department, 
we face several complications related to preoperative mapping, early postopera-
tive maturity issues along with delayed complications related to VA. We have tried 
to address issues related to VA formation and maintenance along with providing 
basic information related to pre and postoperative duplex Ultrasonography (USG). 
Preoperative Ultrasonography aids to physical examination where patient criteria 
like obesity, history of access failure, vascular diseases and otherwise difficult 
examination hinder the clinical assessment of vessels for VA. Development of 
stenosis or thrombosis leading to failure or immaturity of VA is the main threat in 
postoperative period. Duplex Ultrasonography allows proper identification of cause 
of VA failure. Volume flow <500 ml/min or > 50% stenosis correlate with forma-
tion of thrombosis within 6 months [1]. Presence of co-morbidity like diabetes and 
peripheral vascular disease in most of ESRD patients and the always changing local 
hemodynamic factors complicate the VA commonly. Hence, imaging plays a major 
role in pre and post operation period for rapid diagnosis and management of VA 
related complications.
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2. Anatomical considerations

VA can be divided in to three types:
Arterio venous fistula (AVF), where anastomosis is surgically formed between 

artery and vein.
Arterio venous Graft (AVG), where a graft made of poly tetrafluoroethylele 

(PTFE) is placed between artery and vein.
Central venous catheters (CVC), where a double lumen tube is placed within the 

central vein usually terminating at or within the right atrium.
The upper extremities are most commonly used for VA. AVF or AVG is made by 

connecting a vein with artery or interposition of synthetic graft between them which 
provides a high flow circuit for percutaneous cannulation for hemodialysis. A mature 
AVF is better than AVG in given higher patency rates, lesser infection chances and 
reduced maintainace. Generally, the upper limb is used to create such communica-
tion. The Non dominant upper limb is the first choice to facilitate daily activities with 

Figure 1. 
Upper limb vascular anatomy (a) and (b) various types of AVF [3, 4].
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dominant limb while providing adequate time to VA for maturation. Usually, AVF is 
considered in forearm to preserve the proximal vessels for future if required. Likewise, 
AVG is preferred in non dominant arm rather than forearm. AVF can be created through 
a surgical anastomosis between vessels where both the vessels may be in their normal 
position or the distal end of vein may be transpositioned more superficially to facilitate 
cannulation, while in Translocation, the entire vein is moved and anastomosis is done.

So, the preferred type and sites of anastomosis would be - forearm AVF > arm 
AVF > arm AVG > thigh AVG in respect to available vessels.

The most preferred type of AVF which is Radio-cephalic fistula made in fore-
arm near wrist can also fail to mature in elder patients with underlying vascular 
or diabetic etiology [2]. Brachio cephalic AVF is usually made in antecubital fossa 
providing benefits of ease of cannulation due to larger surface area (Figure 1) 
[3, 4]. However it poses a major complication – steal syndrome (will be discussed 
later). As basilic vein is less commonly accessed for venipuncture, it is usually better 
preserved and is less commonly involved in post venipuncture phlebitis in compari-
son to cephalic vein. However, Brachio-basilic AVF in arm involves dual surgical 
procedure, difficult to cannulate due to medial location of basilic vein and more 
prone to infections.

Central venous catheters (CVC) provide short term access in emergency condi-
tions, but they are associated with higher rates of failure, infection and mortality. 
Patients switching to AVF or AVG from CVCs have almost 50% reduction in mortal-
ity [5]. Moreover, previous CVC placement poses a risk of central venous stenosis 
due to endothelial injury and thrombosis caused by them.

3. Role of radiology

According to Dialysis Outcome Quality Initiative (DOQI) guidelines, AVF is 
preferred over AVG due to its greater lifespan and reduced incidence of infection. 
Detailed imaging of vascular anatomy prior to AVF creation provides good evalu-
ation of veins that may be suitable for the creation of AVF, particularly in patients 
with previous failed AVF and/or history of CVC placement. Detailed preoperative 
imaging helps the surgeon to choose suitable efferent vein and surgical technique (in 
the form of AVF or AVG and transposition or translocation in AVF). Also, it helps to 
select the most functional vein which helps in decreasing postoperative failure and 
complications (Figure 2). However, a considerable number of AVFs fail to mature 
and in those patients, Ultrasonography can evaluate the etiology of immaturity. If 
the exact etiology is known, the role of Intervention (angioplasty of a stenosis) or 
Surgery (AVF revision or accessory vein ligation) can be cleared. VAs are commonly 
imaged by Ultrasonography and color doppler study (CDI); however other modali-
ties like DSA, MRI and CT scan can also be used as and when necessary. But, we 
will focus on various aspects related to Ultrasonography and color doppler study in 
pre and postoperative imaging of VAs. Catheters in situ, overlying dressing, open 
wounds, Severe Edema and hematoma can hinder the visibility in USG.

Flow chart shows preoperative and Postoperative indications for USG and CD Imaging.
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3.1 Preoperative evaluation of AVF/AVG

High resolution linear transducer (≥ 9 MHz) is used for vascular mapping. 
For ease of description, vessels towards shoulder will be considered proximal and 
towards the wrist will be considered distal vessels. The scanning is done at room 
temperature to avoid vasoconstriction in cooler temperature. Warm blankets or 
warm compression can be used if necessary. The patient should be relaxed and 
rested in sitting or supine position whichever is comfortable with proximal tourni-
quet binding. The non dominant arm is assessed first and is placed in extended posi-
tion along his sides or on any support (like pillow) according to patient’s position. 
The upper limb should be abducted and externally rotated for better visualization.

B mode axial plane imaging is ideal for evaluating vascular anatomy and to 
evaluate their diameter as well as wall thickness. Arteries are evaluated for presence 
of any intimo-medial thickening, wall calcification or stenosis. Presence of calcifi-
cation in arterial wall hinders its distensibility and may contribute towards dys-
function (Figure 3). Veins are evaluated for compressibility (denoting to patency) 
and the depth of anterior venous wall from the level of skin. Color doppler study of 
arteries evaluates color filling of lumen and excludes luminal narrowing or throm-
bosis. Spectral waveform excludes any distal occlusion or vascular disease. Color 
doppler study of veins evaluates venous phasicity and respiratory variations.

Usually the imaging is started from Radial artery. The vessel wall and internal 
diameter of radial artery at forearm are assessed. If the diameter is not at least 2 mm at 
wrist, the radial artery is not used for creation of AVF. If the radial artery is satisfac-
tory, cephalic vein at wrist is evaluated. Brachial artery is also evaluated for possible 

Figure 2. 
Gray mode USG image showing minimal intimal wall thickening and multiple tiny flecks of calcification 
within the wall of brachial artery.
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arm fistula placement. All the peripheral arteries show Triphasic waveform on CDI 
study (Figure 4). For evaluation of cephalic vein at wrist, tourniquet is tightened in 
proximal forearm and the distal limb is percussed for about 3 minutes. The main idea 
behind tourniquet and percussion is that the veins capable of distending up to 2.5 mm 
will be preferred for AVF due to their distensibility during higher venous pressures. 
Veins with diameter smaller than 2 mm will not distend up to adequate diameter in 
most cases. Cephalic vein is then assessed for continuity up to proximal forearm and 
if its adequate, then the tourniquet is shifted to a more proximal level. If the cephalic 
vein is narrow in caliber, discontinuous, stenotic or shows thrombus or thick wall, it 
is not adequate for AVF creation. Branch points must be thoroughly imaged, as they 
may show narrowing below 2.5 mm in veins. After the forearm is assessed, the vein 
should be traced up to axilla to evaluate the sites of deep venous communication. 
Evaluation of neck veins should also a routine practice in upper limb mapping as any 
abnormality in neck veins can contribute to future AVF failure. If cephalic vein is not 
adequate for AVF, basilic vein is assessed in the same manner (Figures 5 and 6).

If forearm vessels are not promising for wrist AVF creation, AVF at elbow is 
considered and brachial artery is imaged. Brachial artery internal diameter is mea-
sured above its bifurcation in to radial and ulnar arteries, which must be ≥2 mm. 
The cephalic vein is then assessed at antecubital fossa. Cephalic vein must be at least 
2.5 mm in diameter and must extend about 2 cm distal to antecubital fossa. If cephalic 
vein is not suitable, basilic vein is considered and it must extend to about 4 cm proxi-
mal to antecubital fossa for AVF formation. Chronically thrombosed cephalic vein is 
a very frequent finding in ESRD patients due to frequent venipuncture. Cephalic vein 
appears narrow with thick walls and appears cord like with no internal color flow in 
such cases (Figure 7). However, sometimes median cubital vein may also be used as 

Figure 3. 
(a) Gray mode image showing brachial artery at elbow with internal lumen diameter 3.2 mm, (b) CDI study 
showing normal color flow with triphasic waveform.
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Figure 5. 
(a) Gray mode image showing basilic vein at elbow with internal lumen diameter 2.8 mm and depth from skin 
level measuring about 5.0 mm, (b) CDI study showing normal color flow, (c) gray scale image showing normal 
median cubital vein in cubital fossa.

Figure 4. 
(a) Gray mode image showing narrow Cephalic vein in forearm with internal lumen diameter 1.8 mm and 
depth from skin level measuring about 4.7 mm and (b) patent lumen on color doppler study.
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Figure 6. 
Gray mode image showing chronically thrombosed narrow cord like Cephalic vein (*).

Figure 7. 
(a) Gray mode image showing AVF (b) CDI study showing normal aliasing color flow within the AVF.
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an alternative as it courses close to brachial artery. In any case, considerable length of 
patent vein is needed for the surgical procedure as well as during dialysis.

3.1.1 Important points for preoperative evaluation

• Prefer Non- dominant limb (if possible, preserve non dominant arm from the 
first consultation only)

• Consider the site of AVF placement as per recommendation and evaluate 
accordingly

• Arteries- evaluate anatomy, branching pattern, continuity, wall thickness, 
presence of calcification, internal diameter

• Veins- evaluate anatomy, lumen patency, wall thickening, internal diameter, 
depth from the skin surface, any focal areas of stenosis, branching points and 
regions of drainage in to deep veins. Neck veins are also evaluated for any pos-
sible thrombosis or stenosis

• If the cephalic vein in arm is not suitable for AVF, still cephalic vein in forearm 
can be used for AVF provided it drains in to brachial or basilic vein through 
adequate median cubital or other branch.

• Areas of focal stenosis should be looked for at any accessory vein branches 
which may significantly affect blood flow in AVF later.

• Normal diameter sized cephalic vein with deeper location (depth > 5 mm) may 
be difficult for palpation later for needle insertion. So the surgeon and patient 
must clear about future requirement of superficialization.

• High radial artery branching from brachial or axillary artery is a common 
variant that must be sought for because if present, it may contribute towards 
increased arterial steal.

3.2 Postoperative evaluation of AVF

According to National Kidney Foundation’s Kidney Disease Outcomes Quality 
Initiative (KDOQI), clinical examination remains the key to determination of matu-
ration. However, USG and CDI prove reliable for surveillance assessment and to find 
causes of immaturation and complications if any. USG evaluation of AVF is done with 
high resolution (≥9 mHz) probe without tourniquet. Minimal pressure is applied 
while scanning with generous amount of ultrasound gel for proper visualization.

The evaluation of AVF starts with clinical examination, where the AVF is 
palpated for a possible thrill which denotes its proper working. Scanning is then 
initiated from the feeding artery in axial and Saggital views. The artery is traced 
towards the draining vein and overall anatomy is evaluated. Feeding artery adjacent 
to AVF is examined for any wall thickening, lumen patency and areas of stenosis in 
B mode scanning. Color doppler study is used to see uniform color filling and alias-
ing color flow like AVF (Figure 8). Pulse wave doppler is used for noting biphasic 
waveform in artery instead of usual Triphasic waveform seen in preoperative artery 
(Figure 9). Peak systolic velocity (PSV) in the feeding artery increases to about 9 to 
10 fold in comparison to pre AVF state in mature AVF. PSV is measured in the artery 
at the level of AVF and 2 cm  proximal to it.
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Figure 8. 
(a) CDI image showing working AVF with colorailising, (b) CDI study showing normal spectral waveform 
with high PSV within the AVF, (c) normal post AVF biphasic waveform in brachial artery, (d) mild dilated 
cephalic vein with patent lumen.

Figure 9. 
Gray scale image showing complete thrombus in cephalic vein in (a) axial and (b) longitudinal scans.
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3.2.1 PSV ratio: PSV at the anastomosis / PSV 2 cm proximal/distal to AVF

PSV ratio is useful to exclude stenosis. Blood flow is measured within the AVF in 
mid part. Measuring blood flow volume warrants specific technique where it must 
be measured in continuous nontapering segment of draining vein about 10 cm from 
anastomosis. It is measured in middle of the lumen with maximum gate and not more 
than 60 degree insonation angle. Time averaged mean velocity should be counted for 
3 cardiac cycles and then internal diameter of the vessel is measured. According to 
these parameters, scanner calculates the volume flow in ml per minutes.

3.2.2 Volume flow: time averaged velocity X vessel cross sectional area

AVF itself shows aliasing color flow within it. Blood flow more than 500 to 
600 mL/min is required in mature AVF along with the maximum venous diameter 
about 5 to 6 mm. Presence of both of these criteria confirms maturity in about 95% 
of AVF. National Kidney Foundation’s Kidney Disease Outcomes Quality Initiative 
clinical practice guidelines defines a “rule of sixes,” for maturation of AVF stating 
that it should have blood flow of ≥600 ml/min, a diameter of ≥6 mm, and a depth 
of ≤6 mm from the surface of the skin. Along with scanning of AVF, feeding artery 
and draining veins; evaluation of deep and neck veins should also be a routine 
practice in Postoperative imaging to rule out any complication at early stage.

3.2.3 Important points for postoperative evaluation of AVF

• Imaging of AVF in Postoperative 1st or 2nd day is counted as 1st scan followed 
by 2nd week and 6th week scanning

• Tourniquet is not used with minimal pressure and generous amount of gel

• Maximum gate with not more than 60 degree insonation angle used in the 
middle of vessel

• Feeding artery, AVF itself and draining veins are evaluated and they show 
aliasing color flow. Puncture sites are also evaluated for possible thrombosis.

• Vessels looked for patency and regions of narrowing

• Blood flow measured in mid part of AVF and continuous non tapering segment 
of draining vein about 10 cm from anastomosis

• Blood flow of ≥600 ml/min, a diameter of ≥6 mm, and a depth of ≤6 mm from 
the surface of the skin are ideal for mature AVF.

• Deep veins of upper limb should also be seen to rule out early deep vein thrombosis

• Neck veins are also evaluated for possible steal syndrome, obstruction or 
thrombosis

• Large vein branches are also looked for within first 10 cm of draining veins, 
which eventually decrease the blood flow in AVF contributing to immaturity.

Due to higher incidence of infection, stenosis and pseudoaneurysm; AVGs are less 
preferred over AVF. Preoperative vascular mapping for AVF is done in the same man-
ner as in AVF. AVGs are assessed by USG or CDI if palpable focal mass is seen adjacent 
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to AVG. In such cases there may be graft stenosis. CDI differentiates hematoma from 
pseudoaneurysm. Symptomatic AVGs should be referred for angiography where it 
may be treated with angioplasty with or without stent placement if stenosis is present. 
However, in some cases graft degeneration also causes focal area of larger diameter 
presenting as palpable mass. In Postoperative evaluation of AVG, feeding artery, 
AVG, arterial and venous anastomosis and draining vein are evaluated. In loop grafts, 
identification of direction of blood flow is first step to facilitate identification of arte-
rial and venous limb. The PSV is calculated at 2 cm proximal to arterial anastomosis 
(seen in the feeding artery) and 2 cm distal to venous anastomosis (seen in the AVG). 
If visible stenosis is present, PSV ratio (described earlier) is calculated at anastomosis. 
In presence of upper arm AVG, subclavian vein may show monophasic waveform even 
if there is no central stenosis. If the venous outflow from the graft is greater than the 
feeding arterial capacity, arterial steal occurs distal to arterial anastomosis [5].

4. Complications

Rate of complications is much lesser in AVF as compared to AVG or CVC. However 
they do occur in 1/3rd cases [2] and are addressed here. Most commonly seen com-
plications of AVF are thrombosis, aneurysm, infection, stenosis, steal syndrome and 
heart failure. Complications are divided in early and late. However, fistula failure also 
occurs and that may be classified as primary (fistula that fails to mature even before 
cannulation) and secondary (delayed failure or after any intervention).

4.1 Early complications/early failure

It is defined as AVF which fails to mature or unable for use up to 3 months after 
creation. Causes of early failure may be related to inadequate arterialinflow, stenosis 
at anastomosis or outflow issues due to underlying fibrosis of vein. Various causes 
for early failure or complications are listed below:

• Demographic factors: Age, obesity, female, history of diabetes or peripheral 
vascular

• Disease

• Size of draining vein along with reduced distensibility

• Development of collateral circulation

4.2 Late complications/late failure

Fistula Failure occurring after 3 months duration after creation of AVF are clas-
sified as late failure. Various complications are seen like; Stenosis, aneurysm, steal 
syndrome, infection, cardiac failure, venous hypertension, median nerve injury.

4.2.1 Thrombosis

Thrombosis is noted within the fistula in early as well as late Postoperative 
period. Early thrombosis is most often related to an inflow issues and late throm-
bosis due to an outflow stenosis. Either of these can result in thrombosis of the 
fistula if left untreated. Difficult cannulation, sudden reduction in VA flow or a new 
onset low flow in VA should trigger the possible diagnosis of thrombosis. Physical 
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examination may show absent thrill in AVF and pulsatile anastomosis is felt. On 
USG and CDI, the affected vein may be dilated and show echogenic thrombus 
filling the lumen with no internal color filling. Partial thrombus is also seen. Needle 
insertion sites should be evaluated carefully as there may be partial thrombus at 
these sites. In case of thrombosis in draining vein, AVF itself shows no evidence of 
aliasing color flow and the feeding artery shows triphasic normal spectral waveform 
instead of biphasic spectral waveform seen in working AVF.

4.2.2 Stenosis

It is often due to outflow stenosis. Venous stenosis is more commonly seen in 
AVF than AVG. However, it is common cause of failure. Swelling of upper limb, 
prolonged bleeding after dialysis, difficult cannulation and/or slow flow are 
common symptoms of venous stenosis. In radio cephalic AVF, inflow lesions due 
to inadequate arterial flow is confirmed by negative arterial pressure during HD 
session and physical examination by pulse augmentation. In brachio cephalic 
AVF, cephalic arch stenosis is very commonly (in up to 77% cases) seen causing 
failure. Cephalic arch is the final bend in cephalic vein when it enters in to axillary 
vein. Cephalic arch stenosis causes swelling in head and neck, high venous pressure 
with thrombosis. Venous or arterial stenosis can be successfully managed by angio-
plasty [2]. Cephalic arch stenosis warrants stent placement due to its elasticity and 
resistant nature to repeated angioplasty. During pre and Postoperative scanning, 
entire length of vessels should be traced for any possible stenosis or narrowing. 
PSV ratio is measured in feeding artery at the level of AVF and 2 cm proximal to it. 

Figure 10. 
Gray scale image showing stenosis with post stenotic turbulent color flow and marked elevated PSV and 
EDV [6].
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If the PSV ratio is ≥3.0 and PSV is >400 cm/sec, stenosis is present. If the draining 
vein is visibly narrow, PSV is measured at stenosis and at 2 cm caudal to stenosis. If 
the PSV ratio is ≥2.0, stenosis is considered (Figure 10). Most frequent site of AVF 
stenosis is adjacent to anastomosis. Presence of adequate collaterals, low systemic 
pressure, poor Dopplerinsonation angle and central venous stenosis are some 
of the factors which can hinder the diagnosis of stenosis. However the degree of 
stenosis is not absolute in AVF failure prediction.

4.2.3 Aneurysm

Repeated cannulation at repetitive sites or turbulent blood flow due to stenosis 
is the major causes of formation of aneurysm. It is seen in about 5 to 7% cases. 
Physiological and esthetic complications due to aneurysm lead to surgery in many 
cases and may cause failure subsequently. Increased infection risk and prolonged 
bleeding after dialysis along with complex surgery are common associated compli-
cations of aneurysm. On scanning, outpouching with or without color flow is seen 
arising from vessels (Figure 11). Most common site is the needle insertion site. The 
aneurysm may show to and frocolor flow and peripheral thrombosis. In case of 
thrombosis, patent lumen commonly shows color flow. The entire length of vessel 
should be traced as finding more than one aneurysms is not uncommon. Totally 
thrombosed aneurysm sometime look like old hematoma and in such cases proper 
history and careful evaluation in terms of connection with the vessel wall should be 
done. Internal color flow can clear the doubts in such cases. Treatment of aneurysm 
consists of its prevention in the form of careful cannulation techniques and surgical 
correction techniques [2].

Figure 11. 
(a) Gray scale image showing aneurysm arising from brachial artery in mid arm with peripheral thrombosis 
and (b) CDI study showing color flow in patent lumen.
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4.2.4 Infection

Infection affects AVF (20% of all complications in AVF) less commonly than AVG 
(10 fold increased risk of infection in comparison to AVF). Perivascular cellulitis mani-
festing as localized redness and oedema is seen in cases of infection of AVF. Physical 
examination readily detects presence of infection. So, USG or CDI is not very com-
monly advised but it the sign symptoms persist after antibiotic regime, imaging can be 
advised. In Gray mode USG, subcutaneous oedema with or without fluid collections 
at AVF site is noted. The AVF is working in most of the cases. In cases of associated 
thrombosis, AVF may be non working with presence of thrombosis in draining vein or 
AVF. If associated aneurysm, hematoma or abscess are present, meticulous imaging 
and prompt treatment in form of surgical excision or drainage is done [6].

4.2.5 Steal syndrome

Distal hypo-perfusion of the limb in case of severe peripheral vascular disease 
due to pulling of arterial blood flow in AVF causes steal syndrome. Failure of 
adequate collateral formation and/or excessive blood flow is the main causes of 
symptomatic steal. About 3 to 8% cases may present with steal syndrome [7]. 
Brachiocephalic AVF tend to cause steal more than radio-cephalic AVF. Hand 
ischemia, pain, numbness are some of the symptoms where steal syndrome may be 
present. AVF shows normal color flow and high PSV.

For arterial steal, radial artery at wrist is usually examined. In complete arte-
rial steal, direction of flow distal to the graft is reversed, however in partial steal, 
the spectral waveform becomes biphasic. Steal syndrome is confirmed if gentle 
compression of graft reverses the direction of flow and normal spectral waveform 
is achieved (Figure 12). Symptomatic steal may require graft ligation. However, 
asymptomatic steal is also seen which warrants no clinical significance.

Figure 12. 
(a) CDI image showing antegrade flow during systole and retrograde flow during diastole in radial artery 
distal to anastomosis (b) on gentle compression of AVF, elevated systolic flow and diastolic flow is noted 
confirming arterial steal syndrome [8].
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Other complications like cardiac failure, venous hypertension and median nerve 
injury are also noted in relation to AVF. However, they are not very common and 
role of radiology is not prevalent. Venous hypertension may be seen as reversal of 
blood flow in color doppler study. Median nerve injury may occur from ischemic 
injury due to steal syndrome or direct compression of median nerve due to hema-
toma or amyloid deposition in late phases of AVF. In such cases, radiology can 
evaluate the primary etiology.

5. Conclusion

This chapter has reviewed important aspects of pre and Postoperative evaluation 
of hemodialysis AVF. USG and CDI are principal imaging modality due to various 
advantages like easy availability, non invasive, non-ionizing and cheap modality. A 
detailed protocol for performing and interpreting USG and CDI studies for VA has 
been developed through our vast experience and we have tried to provide a proper 
performa for VA evaluation.
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Chapter 4

Exhaustion of Vascular Accesses 
for Haemodialysis: Access by 
Thrombosed Vein
Arturo Rafael Vizcarra

Abstract

I will describe, especially to professionals involved in vascular access, how 
recently occluded veins can be recanalized to implant a haemodialysis catheter. We 
recommend that it be a permanent one.

Keywords: exhaustion, vascular accesses, haemodialysis, access, thrombosed vein

1. Introduction

The depletion of vascular accesses for haemodialysis is seen in some patients 
who reach this situation due to multiple causes [1, 2] such as procoagulant factors, 
lack of good management of their accesses, lack of resources, etc.

In these cases, the skills of the surgical team to respond must be technically 
sharpened.

When a patient is without vascular access and cannot dialyze, it is an extreme 
situation.

It is understood that a patient does not have vascular access when not even a 
catheter can be implanted to be able to dialyze.

That is, there is occlusion or inability to progress a catheter through the 
 following veins:

1. Internal jugulars

2. External jugulars

3. Subclavian

4. Femoral

1.1 Options for implanting a catheter in these conditions

Where do wrong decisions bring bad results? The following options are the most 
common ones for implanting a permanent catheter. In some cases, this catheter can 
be connected to a prosthesis to make a fistula.

There are not many options to do this; some of the possible options are listed below:

a. Translumbarpuncture of the inferior vena cava [3, 4]
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Figure 2. 
Occluded vein, with long stenosis, dissected for the repair of an arteriovenous fistula for haemodialysis.

b. Direct puncture of the superior vena cava [5]

c. Transliver puncture [6],

d. Sternotomy or thoracotomy for direct access to the right atrium.

All of these options are not the subject of this chapter.

2. Implant a catheter through a thrombosed vein

I recommend that these practices be done by a surgeon who often performs 
haemodialysis accesses, or by an operator in conjunction with a surgeon, so that if a 
complication occurs he/she can resolve it or use a different tactic.

There must be an operating room equipped with an echo doppler equipment, 
good quality fluoroscopy, specialised human resources, a variety of guide wires, 
catheters, dilators, and a complete set of cardiovascular surgery [7] (Figure 1).

Given this situation and the fact that the patient is young, I implant catheters 
through any of the veins mentioned above, either because they have a central occlu-
sion or because they are directly thrombosed throughout their entire course. Often I 
have been able to implant catheters in those with recent occlusion (Figures 2–4).

Figure 1. 
Operating room, equipped with doppler echo, fluoroscopy, surgical fields, surgeon’s assistants, complete surgical 
instruments.
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Occluded veins with a long time of evolution is usually fibrosed and it is difficult 
or impossible to cross with the guide wire.

2.1 I’m going to talk to you about this topic very specifically

These patients, usually in the superior veins, have had a stent placed, Figure 3, 
or an angioplasty done previously, which makes it even more difficult.

Less frequent in the lower limbs, which is reserved as a last option.

2.2  So what is the basis of puncturing thrombosed veins to be able to pass with a 
catheter?

The rationale is that veins, especially those recently occluded and therefore 
thrombosed, at some point have loose tissues, enough to pass with a wire guide, 
which can be helped with catheters or dilators.

The recent occlusion of the vein in arteriovenous fistulas in repair surgeries is 
shown. Through the small hole or loose tissue, seen in the images, the passage can 

Figure 4. 
This case of recent occlusion of the innominate vein and left subclavian could be passed. The right side shows 
abundant collateral venous circulation for a long-time occlusion.

Figure 3. 
Old occlusion of the superior vena cava with a stent also occluded, a guidewire, catheter and stent can be seen; 
it was not possible to pass; in this case, the femoral vein with recent occlusion is accessed.
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be opened to advance a guide wire and then a catheter when a thrombosed vein is 
punctured (Figures 5–8).

All manoeuvres must be done carefully.
In order to move forward, you have to take the time that is necessary.
It is recommended that surgeons do this procedure, because if there is any compli-

cation at the moment that requires surgery, it can be solved by the operator himself.

Figure 6. 
Recently occluded femoral vein; in AVF repair; you can see that there is a small hole.

Figure 7. 
Recently occluded axillary vein; in AVF repair; you can see that there is a small hole.

Figure 5. 
Recently occluded basilica vein; in AVF repair; you can see that there is a small hole.
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Or in case you need open surgery to pass the catheter, a surgeon’s help is 
required.

3. Step-by-step explanation of the procedure

3.1 First step

Perform antisepsis, and surgical fields are placed as for any surgery in the areas 
that the surgeon considers (Figure 9).

3.2 Second step

Puncture of the occluded vein guided by doppler ultrasound and positioning of 
the guide wire (Figure 10).

I prefer to puncture the vein in a place where it is as straight as possible to be able 
to pass the guide.

That is to say, I prefer to puncture the vein in the right internal jugular vein and 
both femoral veins, the left subclavian and jugular vein, we have the innominate 

Figure 8. 
Recently occluded axillary vein; in AVF repair; you can see that there is a small hole.

Figure 9. 
All set to start, surgical drapes, fluoroscopy, and doppler ultrasound.



Multidisciplinary Experiences in Renal Replacement Therapy

60

vein curve, and for the right subcalvia a curve of almost 90 degrees to enter 
the cava.

3.3 Third step

Introduce the needle guided by ultrasound, until it is certain that it is inside the 
vessel in the middle of the thrombosis. Then introduce a guide wire. Also this has to 
be verified by ultrasound (Figure 11).

3.4 Fourth step

Continue the progression of the guidewire under fluoroscopic control, testing 
the different types of guidewires, depending on the experience of the operator. In 
this step, it always helps to advance the guidewire with fine dilators.

It also helped me by injecting contrast to see that anatomically we are in the.
correct direction inside the thrombosed vessel (Figures 12–14).

3.5 Fifth step

Once the guidewire is sent into the superior or inferior vena cava, and there are 
no more obstacles, gradually thicker dilators are advanced (Figure 15).

3.6 Sixth step

The dilator is inserted with the sheath that corresponds to each catheter. 
Depending on the case, a double lumen catheter or two catheters are used.

Figure 10. 
Doppler photo showing occlusion of the jugular above and orange carotid arterial flow below.

Figure 11. 
Photo without doppler shows the needle inside the thrombosed jugular.
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It can happen that the catheters do not progress through the sheaths, because the 
strictures are very rigid.

In that case I used thinner catheters inside the haemodialysis catheter. This step 
can be very cumbersome; so you also have to take it easy and use all your resources 
and skills to get the catheter where it needs to go (Figures 16 and 17).

Some brands of catheter brings thinner semi-rigid catheters for these cases, 
and they are inserted with 2 guide wires and 2 semi-rigid catheters, one for each 
lumen (Figure 18).

Figure 12. 
Looking at the guidewire by doppler ultrasound and fluoroscopy at the same time.

Figure 13. 
The guidewire inside superior cava, arrows.

Figure 14. 
Guidewire advances through the thrombosed iliac vein.
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Figure 15. 
A Once the guidewire is in the inferior vena cava, in this case, progressively thicker dilators are advanced B 
Sheath where 2 guide wires were passed.

Figure 16. 
Double lumen catheter in inferior cava.

Figure 17. 
Double lumen catheter in right atrium by superior cava.
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3.7 Seventh step

The catheter is positioned and the corresponding tests are performed to obtain 
adequate flow; tunnelling is performed (Figures 19–21).

Figure 18. 
Catheter model with 2 semi-rigid catheters, which guide wires are passed inside, all this inside the 14 French 
double lumen catheter.

Figure 19. 
Tunnelling a double lumen catheter.

Figure 20. 
Tunnelling a double lumen catheter.
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More adequate tunnelling, either with a tunneller that comes with the kit, or 
with an incision of the necessary size, since some catheters must first be tunnelled 
and then inserted; this is not possible in these cases because you have to push 
directly and not through a tunnel.

4. Continue with dialysis

In this way, we can continue with dialysis on these patients, and it gives us time 
to perform an arteriovenous fistula somewhere.

5. Conclusion

It is not a quick procedure; it requires a lot of patience, previous planning, 
especially, questioning the patient about his history of vascular access, a meticulous 
physical examination, and rigorous examination with echo doppler.

Currently, we have several patients operated in this way; I consider it an acceptable 
technique to save lives with a procedure that until now has had no complications.

Figure 21. 
In this case, we passed the kit of two catheters through the right jugular.
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Patient Safety in Hemodialysis
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Abstract

Patient safety addresses the risks involved in health care, simplifying or eliminating 
adverse events, these are defined as incidents that occur during the provision of health 
care and that result in harm to the patient. Health care is increasingly complex and can 
increase the potential for incidents, errors or failures to occur. Hemodialysis is a techni-
cally complex procedure, with many potential sources of error and which can cause 
harm to patients. Dialysis is a therapy that in recent years has benefited many patients, 
but it is a care process that involves important dangers and risks. Hemodialysis is a 
hospital sector with a great risk potential for the occurrence of adverse events, this 
occurs for several reasons such as complex procedures, the use of high technology, the 
characteristic of chronic kidney disease, the high use of medications. Strategies need to 
be taken to reduce the occurrence of adverse events, thus ensuring the quality of dialy-
sis, consequently the quality of life of patients with chronic kidney disease undergoing 
dialysis treatment.

Keywords: renal dialysis, patient safety, nursing care, chronic renal failure,  
nursing in nephrology

1. Introduction

Patient safety is defined by the World Health Organization (WHO) as reducing the 
risk of unnecessary harm associated with healthcare to an acceptable minimum [1].

The topic of patient safety has been increasingly disseminated within institu-
tions and among healthcare professionals, about the search for the quality of care 
provided and the reduction of preventable incidents [2].

Patient safety addresses the risks involved in health care to reduce or eliminate 
Adverse Events (AEs), defined as incidents that occur during health care and result 
in harm to the patient, characterized as physical, social, and psychological, includ-
ing illness, injury, suffering, disability or death [1].

The interest in this topic is a result of the realization that the occurrence of 
Adverse Events (AEs) involves considerable social and economic costs, and may 
involve irreversible damage to patients and their families [3].

The patient safety issue began with the publication of the Institute of Medicine 
(IOM) report To Err is Human. This publication provoked the mobilization of 
the medical class and the public in general, of North American organizations and 
several countries for issues related to patient safety. This mobilization is the result 
of the realization that the occurrence of adverse events (AE) involves considerable 
social and economic costs, and can cause irreversible damage to patients and their 
families. The IOM report estimated the occurrence of 44 to 98 thousand deaths 
each year, in the United States (USA), resulting from AEs [4].
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According to the Institute of Medicine (1999) quality in healthcare, considering 
current scientific knowledge, is defined as the degree to which the services provided 
to the patient, on the one hand, decrease the probability of unfavorable outcomes, 
and, on the other, increase the probability of favorable outcomes. Unfavorable 
outcomes are adverse events (AEs).

Developments in patient safety and reliability of health services imply a change 
in the conduct practiced by most services. The safety culture of an organization 
is the set of values, attitudes, perceptions, competencies, and behavioral patterns 
that determine the commitment, style, and proficiency of the administration of a 
healthcare organization with safety management [5].

Health care is increasingly complex, and predisposes the occurrence of inci-
dents, errors or failures. Injuries or damage resulting from the care provided 
constitute a serious problem related to the performance of health services; unsafe 
health care can cause increased morbidity and mortality worldwide [6].

Researches that investigate the patient safety culture in the hospital environment 
are increasingly present in the scientific environment. The positive safety culture 
favors the improvement of safe practices, through improvements in communica-
tion, teamwork and knowledge sharing [3].

The development of a safety culture, the practice of records, the discussion 
about the circumstances in which incidents occur, as well as the professional and 
organizational behaviors in front of this situation, constitute a path to be followed 
for the transformation of the reality in health institutions [7].

In this perspective, the development of safety culture has received increasing 
attention in the field of healthcare organizations. The complexity present in health 
care, which involves its dynamic and multifaceted nature, the use of leading-edge 
technology and the action of professionals from different fields, predisposes to 
error and, to minimize it, potential sources must be identified and prioritized [8].

It is a fact that unsafe health care can result in increased morbidity and mortal-
ity, which makes this a global concern, because many errors could be avoidable from 
the implementation of safety indicators in quality monitoring programs in the care 
offered to hospitalized patients [9].

It is currently recommended that, in assessing the impact of events related to 
patient safety, not only mortality but also morbidity be considered given the reper-
cussions on the quality of life of patients who have suffered damage [5].

Chronic kidney disease (CKD) is a condition with several attributes that have the 
potential to increase the risk of errors and patient safety failures. People with CKD 
have higher rates of hospitalizations, which leaves them susceptible to interventions 
with the potential for errors to occur [10].

There is a high proportion of people with chronic kidney disease (CKD) who 
experience safety-related events. This factor highlights the vulnerability of this 
population to potential adverse effects of care [11].

Patients with CKD have hemodialysis as one of the treatment modalities. 
Regarding the Hemodialysis Service, it is emphasized that the treatment is complex, 
with specific activities, for example, the control of the extracorporeal blood circula-
tion system, requiring adequate structure and trained professionals for a safe care 
practice, which, if not respected, may cause irreversible damage to the user [12].

Hemodialysis (HD) is a technically complex procedure, with many potential 
sources of error that can cause harm to patients. Carrying out hemodialysis safely 
requires many steps, ranging from creating the dialyzer and other equipment, 
accessing the bloodstream and monitoring the patient to prevent complications and 
ensure hemodynamic stability [13].

Dialysis is a therapy that in recent years has been benefiting many patients, 
but it is a care process that involves important dangers and risks. The risks of 
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hemodialysis in situations of chronic disease comorbidities are related to the fact 
that the patient has a terminal disease that depends on permanent life support, in 
addition to the use of many medications [5].

The complexity of hemodialysis procedures specifically involves the use of 
advanced technologies, water quality, dialyser reuse, infection control, machine 
disinfection and the use of medications [8]. The complexity of chronic kidney 
disease (CKD): the chronicity of the disease, the involvement of multiple health 
care professionals, and the different activities of care [14].

Thus, in this type of procedure, considering the frequency with which patients 
undergo the procedure that involves the use of high technology, it is important to 
evaluate issues related to patient safety.

There are several risk factors for adverse events in hemodialysis, among which 
he highlights: invasive procedures, use of complex equipment, critical patients, 
high patient turnover, and administration of potentially dangerous drugs such as 
heparin [15].

The authors conducted a study in which they identified some avoidable variables 
that may have contributed to the deaths of patients on hemodialysis. They point 
out that these variables were related to communication, organization, and human 
factors, associated with five main causes, for example: the treatment of hyperkale-
mia, the prescription, the time of treatment, the presence of infection, and vascular 
access [16].

The use of Checklists is a patient safety strategy that can be effective. Checklists 
are tools used to improve patient safety, adherence to protocols and policies, con-
tribute to communication, teamwork, and the standardization of procedures [17].

Authors emphasize that the use of Checklists is an important strategy to ensure 
that procedures are performed safely, as it allows the occurrence/recurrence of 
preventable harm to be identified and prevented [13].

When used properly, guidelines, protocols, and checklists can result in quality 
care, considerably reducing the risks presented by the procedures to which the 
patient has been submitted.

Checklists were initially used in surgical and intensive care environments and 
have been shown to be an important patient safety strategy that can improve the 
safety culture [18].

High-quality institutions with a good safety culture anticipate adverse events as 
a way to prepare professionals to deal with them at all levels of the organization. In 
this way, they make tools available to professionals to develop skills to convert such 
adverse events into improved system resistance [19].

Patient safety assessment enables hospitals to prospectively identify and manage 
relevant safety issues in their work routines [20].

Care for patients receiving renal replacement therapy (RRT) is complex and 
technology dependent; patients have a high burden of comorbidity, polypharmacy, 
and the physiological consequences of established kidney disease means that 
patients on RRT are potentially vulnerable to errors [16].

Patient safety events can have costly consequences for patients and healthcare 
networks, increasing length of stay, readmissions to the hospital, and the risk of 
death [11].

Hemodialysis units are sites susceptible to the occurrence of adverse events 
(AE) because they have several risk factors, such as invasive procedures, use of 
complex equipment, water treatment, critical patients, high patient turnover and 
administration of potentially dangerous drugs, such as heparin. A study performed 
in four hemodialysis units in the USA identified that in a 17-month period 88 
adverse events occurred during 64,541 dialysis treatments (01 case for every 733 
treatments) [15].
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The presence of infection in the SRT population is a complex and common prob-
lem, since the prevalence of sepsis in dialysis patients is more than 100 times higher 
than the general population, is multifactorial, associated with high hospitalization 
rates, infection risks, and immunosuppression as a consequence of renal impair-
ment, comorbidity, and immunosuppressive therapy [16].

Bloodstream infections are the main causes of death and hospitalization among 
hemodialysis patients, in second place are cardiovascular diseases [21].

Among the main causes of AEs in hemodialysis patients, the patient’s clinical con-
dition is very important. Such conditions directly influence the occurrence of AEs, 
especially in critically ill patients, given the hemodynamic instability and the need 
for interventions, which make them particularly vulnerable to adverse events [22].

In addition, CKD is associated with pathophysiological changes such as anemia, 
osteopenia, susceptibility to hypervolemia, electrolyte changes and infection, 
which can increase the risk of complications and adverse events [10].

For the occurrence of AEs, there are psychological and physiological factors that 
can influence the behavior of professionals during care and interfere with patient 
safety [22].

In daily nursing care, it is clear that the number of professionals directly influ-
ences the implementation of measures related to the implementation of a culture 
of safety. Thus, an adequate dimensioning of the team is essential, as it interferes in 
the administrative process and consequent care planning [22].

About the weekly workload, 48% of nursing professionals in the hemodialysis 
unit work from 50 to 70 hours per week, increasing the risk of failures being com-
mitted during the provision of care. The risks of the professional committing an 
error increase significantly when the work day exceeds 40 hours per week, when 
work shifts exceed 12 hours or when overtime is performed [23].

Thus, it can be observed that the working hours and the dimensioning of nurs-
ing staff are factors that can interfere in the quality of the care provided, conse-
quently influencing the safety of the patient on hemodialysis.

2. Factors affecting patient safety in hemodialysis

A study aiming to assess the frequency of adverse events occurred in CKD 
patients, shows that about half of the participants had one or two safety events. 
Diabetic patients were 2.9 times more likely to have three or four adverse safety 
events compared to non-diabetic patients. In addition, patients with stage 5 CKD 
were 2.8 times more likely than patients with stage 3 CKD to have multiple safety 
events during the study period [11].

These data reinforce the assertion that patients with CKD are more vulnerable to 
safety failures related to their clinical condition. CKD is a significant risk factor for 
many safety events.

In the other study, direct complications of CRT accounted for 2.1% of deaths, 
and 3.5% of deaths of patients on CRT [16].

The Pennsylvania Patient Safety Authority, an independent agency in the United 
States of America (USA) charged with taking action to reduce and eliminate health 
care failures, developed a study to understand the types of errors and AEs occurring 
during hemodialysis. An analysis of 526 reports of events related to hemodialysis 
treatment over a one-year period was performed. Medication errors were the most 
prevalent (28.5%), followed by failure to follow protocol (12.9%) [24].

The conditions identified as predisposing to adverse events in hemodialysis 
patients are: hyperkalemia, hypoglycemia, prescription of medications in a safe 
manner, the presence of infection, and vascular access for hemodialysis [11, 16].
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In dialysis services, hand hygiene is an important infection control measure, 
since, in this scenario, several patients undergo dialysis treatment at the same time, 
in the same environment, which can contribute to the spread of microorganisms. 
This dissemination can occur through direct or indirect contact, through devices, 
equipment, surfaces or through the hands of health professionals [12].

Central venous catheter infections for hemodialysis are much more frequent 
when compared to arteriovenous fistulas [21].

Complications associated with vascular access can be severe, causing a high risk 
of morbidity and mortality for patients. Bloodstream infections represent a major 
impact on the morbidity and mortality of this population. Nurses must monitor, 
detect and intervene in complications that occur during hemodialysis sessions [22].

The arteriovenous fistula (AVF) is the most appropriate and safest venous 
access, because it is the long-standing access that enables effective dialysis with 
fewer interventions [25].

Thus, the use of double-lumen catheter can lead to a higher occurrence of adverse 
events, interfering with the safety of the patient on hemodialysis. CDL infection is 
one of the main adverse events in hemodialysis. The largest number of infections in 
patients undergoing hemodialysis procedure is related to the Temporary Double Lumen 
Catheter (TDCL). Bacteremia in patients with a catheter during HD varies from 4–18% 
and in most cases associated with hyperthemia. Infectious complications are causative 
agents of increasing morbidity and mortality in hemodialysis patients [26].

CKD is also characterized by impaired renal clearance of numerous medications, 
increasing the risk for incorrect dosing and toxicity of therapeutic agents [10].

In the hemodialysis community, medication errors are reported as the most 
common patient safety event. Medication errors are common among dialysis 
patients and often occur as errors of omission [11, 21].

In addition to medication omission errors, errors also occur during medication 
administration and communication errors among the team [21].

Obstruction of the venous catheter is a very frequent adverse event in hemodi-
alysis sessions. It occurs when a clot forms in the catheter lumen, preventing blood 
flow from the patient’s body to the hemodialysis machine, which leads to the loss of 
the blood volume that fills the system [22].

The blood clotting of the extracorporeal system usually occurs in sessions 
performed without heparin, due to contraindication of the drug [22].

Problems in vascular access that lead to adequate blood flow interfere directly 
in the dialysis dose, reducing the Kt/V, consequently interfering with the patient’s 
health status.

Events of hyperkalemia and hypoglycemia were found individually, are common 
adverse events, as well as risk factors for mortality of patients with CKD [11].

In a hemodialysis session, it is necessary to check vital signs to avoid episodes of 
hypotension, consequently, the cramps, headache and nausea, verification of blood 
glucose to avoid episodes of hypoglycemia and, plus correct checking and noting of 
weight and body temperature; anticoagulation, proper functioning of the dialysis 
machines (temperature, roller, blood flow, dialysate flow), being important the use 
of a checklist to avoid negligence.

Failure to comply with this verification routine is considered negligence, which 
is an action diverging from the correct one, arising from the professional’s passiv-
ity or omission, which can lead to episodes of hypotension, hypoglycemia, among 
others, thus configuring the occurrence of an adverse event [25].

Accidental removal of the needle that punctures the arteriovenous fistula can 
be considered one of the most dangerous AEs in hemodialysis units, as the patient 
can bleed to death in a few minutes. Therefore, it is necessary for nursing to adopt 
measures that reduce the risk of this event occurring [22].
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Infiltration of the hemodialysis access and coagulation of the hemodialysis 
circuit are some adverse events that can occur.

About dialysis programming, one can highlight the definition of the dry weight, 
the kt/v and the programming of the parameters in the dialysis machine.

The quality of the dialysis offered to the patients can be measured by the Kt/V. 
The Kt/V represents the adequacy of dialysis. In this study, it is observed that there 
is no record of Kt/V in 94% of the analyzed medical records.

There is a correlation between hemodialysis (HD) dose and patient morbid-
ity and mortality, so to estimate whether CKD patients on HD receive adequate 
treatment, the HD dose should be measured. Clinical signs and symptoms are very 
important, but they are not sufficient indicators of dialysis dose [27].

Kt/V assessment is nursing care and refers to providing quality dialysis to 
the patient. There are several factors related to achieving an ideal Kt/V, and it is 
important to emphasize that the patient needs to adhere to the treatment as recom-
mended, i.e., perform the dialysis time, follow the diets, take medications, take care 
of the vascular access.

The other part is up to the multidisciplinary team, which includes providing 
guidance. The dialysis service must be committed to the treatment, offering an 
ideal capillary according to the body mass, performing good venous access, correct 
adequacy during treatment [28].

The National Kidney Foundation considers the ideal hemodialysis dose a Kt/V 
greater than 1.2, for the patient who performs hemodialysis three times a week and 
for four hours each session [28].

Incorrect programming is an adverse event and can lead to significant losses to 
the patient, even death.

Checking the schedule is the nurse’s role, since this is the professional of the 
health team responsible for managing care in dialysis units. Nursing in hemodialysis 
treatment has great relevance regarding the uninterrupted observation of patients 
during the period in which the hemodialysis session occurs [29].

In the Renal Physicians Association survey, 17 percent of patients indicated that 
they had problems with the settings on their dialysis machines. In this study, the 
authors point out that patients involved in their dialysis care are significantly less 
likely to report having had problems with machine settings [30].

Dry weight is the target weight to be achieved post hemodialysis below which 
all, or most of the excess fluid has been removed, without developing symptoms of 
hypotension [25].

Adherence to adequate fluid intake is commonly measured by interdialytic 
weight gain (GPID). The adequate dry weight prevents the occurrence of hypoten-
sion or hypertension.

Studies have shown a relationship between elevated GPID and complications 
such as hypertension, congestive heart failure, and even death. In addition, the 
removal of this excess fluid during hemodialysis (HD) can result in episodes of 
hypotension, muscle cramps, nausea, and headache [31].

The nurse has a fundamental role as an educator, providing the necessary 
guidance for patients to maintain their interdialytic weight gain within the recom-
mended values.

Adherence to dietary and fluid restrictions improves laboratory parameters, 
reduces complications such as hospitalizations for acute pulmonary edema and 
improves the quality of life of patients on HD [32].

The conventional treatment regimen of three sessions per week implies long 
periods without hemodialysis, especially on weekends, when the patient can con-
sume a larger amount of fluids and not follow the diet as he should. Thus, there is 
an oscillation in the volume of liquids and biochemistry during the following week, 
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where it is possible to observe an increase in complications in the sessions at the 
beginning of the week. The ideal would be more frequent or longer sessions, to offer 
more security and increase the life expectancy of these patients [33].

The mechanicity present in hemodialysis treatment leads professionals to pres-
ent a posture of “doing for doing”, which lends to the activities a feeling of accom-
modation, which is summarized in, every shift, putting the patient on the machine, 
pushing the button and supervising its operation [34].

Nursing in nephrology is specialized care, but the nursing action should not be 
reduced to the performance of a set of techniques. In HD, it is necessary to provide 
care based on the training of professionals to seek the best conditions to provide 
quality of life for the patient. Therefore, nursing care in this scenario also involves 
interactive action, supported by the ethical dimension between the one who cares 
and the one who is cared for [35].

3. Strategies for patient safety in hemodialysis

Patient safety deals with the risks involved in health care and seeks to minimize 
these risks and reduce or eliminate Adverse Events, which are incidents that result 
in harm to the patient [1].

Preventing adverse events can improve the quality of care and patient outcomes [11].
Quality comprises the relentless search for identifying flaws in procedures and 

practices that organize actions, leading to improved processes and results, aiming at 
the conformities established by regulatory agencies and user satisfaction [12].

Reducing errors and improving patient safety have become a national prior-
ity. Patients with chronic kidney disease (CKD) may be at higher risk for adverse 
consequences of medical care, but few studies have evaluated this issue [10].

The occurrence of AEs can be minimized by changing managerial and profes-
sional attitudes, strengthening leadership, improving access to information, quality, 
maintenance and use of equipment and environments as well as knowledge and 
encouraging continuing education [7].

Safety culture has received increasing attention in the field of healthcare 
organizations. Healthcare is becoming increasingly complex, raising the potential 
for incidents, errors, or failures to occur. Injuries or harm resulting from the care 
provided are a serious problem related to the performance of health services; unsafe 
health care causes significant morbidity and mortality worldwide [6].

From this perspective, health institutions must develop strategies for a patient 
safety culture. The development of protocols that standardize procedures makes the 
work process safer and more efficient [22].

Professionals should have knowledge about adverse events and their impact on 
health care, since the incidence of these events is an important indicator of quality [22].

Currently, there is a greater awareness, nationwide, that professionals need to 
be trained about the measures to be taken in case of failures, in addition to being 
encouraged to take an honest attitude towards the error, without fear of punish-
ment and effectively involved in the search for safe patient care [36].

Nursing professionals are responsible for most of the care actions and, there-
fore, are in a privileged position to reduce the possibility of incidents affecting the 
patient, as well as to detect complications early and perform the necessary proce-
dures to minimize damage [22].

The maintenance of good adequacy of hemodialysis in patients with chronic 
kidney disease depends directly on an efficient Vascular Access (VA), whose 
complications have great representativeness among the morbidities in this group. 
And, considering the importance of the VA, it is worth noting that the effectiveness 
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of therapy is closely associated with its implantation, handling and proper monitor-
ing, affecting the quality of dialysis and, consequently, the well-being and survival 
of the patient [12].

Adverse events related to vascular access can be avoided using improvements in 
the care processes used by Nursing, as well as constant evaluation of the results of 
the practices adopted.

Studies show that catheter-related infections can be reduced when prevention 
measures are properly applied, such as the use of aseptic technique before insertion, 
in each manipulation of the device and dressings, antisepsis at the catheter exit 
site with 2% alcoholic chlorhexidine, adequate staff paramentation (sterile gloves, 
masks, goggles and aprons), care in catheter maintenance, monitoring of infection 
signs, continuing education of staff professionals and self-care guidance for the 
patient [37, 38].

Considering that vascular accesses are an important care practice and are closely 
related to the quality of care and quality of life of CKD patients, it is believed that 
the use of checklists can be an important ally in the evaluation of vascular access, 
ensuring the quality of this therapeutic modality [22, 39].

The Nursing team that works in hemodialysis units must have knowledge about 
adverse events to be able to identify the risks and the situations that favor their 
occurrence, to seek alternatives to minimize failures, adopt risk analysis methods 
and thus ensure the quality of the services [22].

Many hospitalizations may be preventable with better care planning, adequate 
patient education, and early detection of complications [40].

Strategies to improve patient safety in dialysis units have emphasized the impor-
tance of effective communication, reduction of medication errors, correct dialysis, 
equipment preparation, and infection control [16].

Encouraging the practice of hand hygiene constitutes one of the nine solutions 
for patient safety, launched in 2007, in the Nine Patient Safety Solutions program, 
considered the primary preventive measure to avoid harm to patients [12].

The Nine Patient Safety Solutions program is based on patient safety strategies 
and best practices that have been identified by the WHO World Alliance for Patient 
Safety. They were developed with feedback from more than 50 patient safety 
experts from over 100 countries. The strategies come in nine titles and are being 
made available to WHO member states. The intention is that the strategies will be 
used to reexamine patient care processes to improve safety [1].

The nine points covered by the program are: Identical medication names; Patient 
identification; Communication; Correct procedure in the correct place; Control of 
concentrated electrolyte solutions; Medication accuracy; Care with connections; 
Single-use of injection and hand hygiene devices [1].

The theme described above is recurrent in health services and treated as a 
priority by programs and initiatives that focus on safety in patient care, such as the 
World Alliance for Patient Safety, an initiative of the WHO, which has dedicated 
efforts in the development of guidelines and strategies for implementation of mea-
sures, including adherence to the practice of hand hygiene and, more recently, in 
Brazil, by the Ordinance of the Ministry of Health No. 529/2013, which establishes 
the National Program for Patient Safety [41].

Organizations must safely structure the system, helping professionals not to 
make mistakes. All causes should be analyzed by the risk management service for 
the development of corrective actions, aiming at the prevention and reduction of 
adverse events [22].

Among the suggestions to prevent the occurrence of adverse events, continu-
ing education was mentioned as the main measure and as an important action for 
human resource training and development. The nursing staff of a hemodialysis unit 
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should develop skills to detect and prevent adverse events, adopting strategies to 
improve the care processes developed in daily practice [22].

Health education can also contribute to patient safety. A good level of under-
standing of the disease and treatment aspects also positively influences the patient’s 
adaptation and adherence to treatment [42].

This factor could reflect a lower occurrence of adverse events related to hemodi-
alysis treatment.

Dialysis centers must function as high-reliability organizations to improve 
patient safety. These services must establish a culture of safety, which is based on 
communication based on mutual trust, common perceptions about the importance 
of safety and confidence in the effectiveness of preventive measures [21].

In the occurrence of an incident, what is important is the assimilation that the 
cause of errors and adverse events is multifactorial and that healthcare professionals 
are susceptible to committing them when technical and organizational processes are 
complex and poorly planned [22].

The high frequency of different events observed reveals the specialized care 
needs for the CKD population. Providing safe care for this population, therefore, 
provides some unique challenges.

Research must advance in understanding the cause of harm, identifying solu-
tions, impact, and transposing evidence to the organization of care. They reinforce 
that measuring harm is fundamental to know the patient safety problem [43].

© 2022 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms 
of the Creative Commons Attribution License (http://creativecommons.org/licenses/
by/3.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited. 
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Abstract

Introduction: The problem of acute and chronic cerebrovascular disorders in 
dialysis patients remains the most urgent. Risk factors for cerebrovascular diseases 
in CKD and dialysis patients can be conditionally divided into “traditional” (arterial 
hypertension, diabetes mellitus, hypercholesterolemia) and “specific” (associated 
with renal pathology and dialysis procedures). The spectrum of specific factors of 
cerebrovascular risk in patients with dialysis stage of the CKD includes specific dial-
ysis factors that form during programmed HD, as well as impaired phosphorus-cal-
cium metabolism and calcification of the arterial microvasculature, increased blood 
levels of β2-microglobulin, homocysteine, malondialdehyde and superoxide dis-
mutase, a decrease in the level of nitric oxide (II) metabolites, development of neph-
rogenic anemia and dysfunction of blood cells, malnutrition and dietary features of 
patients with renal pathology, accumulation of uremic toxins and toxins of intestinal 
bacteria, etc. Opportunistic gut microorganisms can produce uremic toxins, which 
are associated with an increased risk of inflammation, increased oxidative stress, 
and a higher risk of cardiovascular disease (CVD). Description of the spectrum of 
risk factors for cerebrovascular pathology in dialysis patients and effective control 
over them seems to be an effective strategy aimed at increasing the duration and 
quality of life in patients receiving renal replacement therapy. The aim of the inves-
tigation was to study the species composition of colon microbiocenosis in patients 
with CKD receiving programmed HD treatment and to evaluate the effectiveness of 
its correction using a new immobilized synbiotic. Materials and methods: Samples 
of colon microbiota from 62 patients undergoing programmed hemodialysis were 
studied before and after a course of diet therapy that included probiotic components, 
in particular, the immobilized synbiotic LB-complex L. Isolation of microorgan-
isms was carried out according to our original method; for bacteria identification, a 
MALDI-TOF Autoflex speed mass spectrometer (Bruker Daltonik, Germany) was 
used in the Biotyper program mode. The results were assessed using the criteria pro-
posed by the authors and based on the OST 91500.11.0004-2003. The efficacy of the 
immobilized synbiotic was determined based on the clinical data, questionnaires, 
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and bacteriological tests. Results: In patients receiving programmed hemodialysis 
(before the start of the diet therapy), chronic moderate inflammation and azotemia 
were found. Dysbiotic changes in microbiocenosis were revealed in all the examined 
patients; in the absence or suppression of lacto- and bifidoflora, the number and 
diversity of Bacteroides spp., Clostridium spp., Collinsella spp., Eggerthella spp. and 
other bacteria increased, which was consistent with the theory of functional redun-
dancy of gut microbiota. From the answers to the questionnaires, a decrease in the 
quality of life was found (up to 70 points out of 100) according to six of the eight 
scales used. After the combined therapy using the synbiotic LB-complex L in the 
study group, 56% of the examined patients showed their microbiocenosis restored 
to normal; no grade III dysbiosis was detected in any patient. There was a significant 
decrease in CRP and ESR in these patients and an improvement in the quality of life 
by criteria reflecting physical health. Conclusion: Acute/chronic CVD in patients 
with CKD of the pre-dialysis and dialysis periods are the most frequent and formi-
dable complications. The spectrum of “traditional” and “specific” CV risk factors in 
dialysis patients will be described in the chapter. Special attention will be paid to the 
intestinal microbiota and opportunistic intestinal microorganisms. The aim was to 
study the species composition of colon microbiocenosis in HD patients, and to evalu-
ate the effectiveness of its correction using a new immobilized synbiotic. Materials 
and Methods. Samples of colon microbiota from 62 HD patients were studied before/
after a course of diet therapy that included probiotic components, the immobilized 
synbiotic LB-complex L. MALDI-TOF Autoflex speed mass spectrometer was used in 
the Biotyper program mode. The efficacy of the immobilized synbiotic was deter-
mined based on the clinical data, questionnaires, and bacteriological tests. Results. 
Dysbiotic changes in microbiocenosis were revealed in all patients; in the absence/
suppression of lacto-and bifidoflora, the number and diversity of Bacteroides spp., 
Clostridium spp., Collinsella spp., Eggerthella spp. and other bacteria increased. After 
the combined therapy using the synbiotic LB-complex L in the study group, 56% of 
the examined patients showed their microbiocenosis restored to normal; no grade III 
dysbiosis was detected in any patient.

Keywords: cerebrovascular disorders, specific risk factors, dialysis factors, 
calcification of the arterial microvasculature, anemia, uremic toxins,  
intestinal bacterial toxins, microbiocenosis, colon microbiota, chronic kidney disease, 
programmed hemodialysis, probiotics, synbiotics

1. Introduction

The prevalence of chronic kidney disease (CKD) is comparable to such socially 
significant diseases as hypertension, coronary artery disease, diabetes mellitus, obe-
sity, metabolic syndrome throughout the world. The incidence is according to various 
sources 10–20% [1, 2]. The number of patients with CKD is progressively increasing 
and reaching the nature of a pandemic according to the opinion of some scientists 
[3, 4]. As a result, the number of patients receiving renal replacement therapy is grow-
ing (currently, more than 2 million people all over the world). In this connection, the 
share of the annual increase of dialysis programs is estimated at 6–12% [5].

1.1  Cerebrovascular disorders in patients undergoing long-term programmed 
hemodialysis (HD)

Cerebrovascular disorders in patients with CKD of the pre-dialysis and dialysis 
periods are usually classified as acute (transient ischemic attacks, ischemic and 
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hemorrhagic strokes, subarachnoid hemorrhages) and chronic cerebrovascular 
diseases (chronic cerebral ischemia due to various variants of vascular cerebral 
microangiopathy (CMA), including cerebral amyloid angiopathy (CAA) and/or 
calcifying uremic arteriolopathy).

The remodeling of the micro- and macrocirculatory cerebral vessels continues 
in patients with dialysis stage of CKD, new vascular risk factors directly related to 
the dialysis procedure are aggravated and added, and cerebrovascular disorders 
progress [6]. It has been established that CKD and dialysis are also the causes of 
the development of CMA, which underlies the development of vascular cognitive 
impairments and acute cerebrovascular pathology. CMA is characterized by the 
damaged cerebral microvasculature (perforating cerebral arterioles, capillaries and 
venules) and damage of the white matter and brain nuclei [7–9]. In our studies, 
neuroimaging signs of CMA of varying severity were found in 100% of the exam-
ined patients who had been receiving renal replacement therapy with the long-term 
programmed HD. Expansion of perivascular spaces (100%) and white matter 
hyperintensity (81.4%) prevailed in the structure of MR signs of CMA. Cortical 
atrophy (67%), cerebral microbleeds (47%), asymptomatic lacunas (35.7%) and 
small subcortical infarctions (2.9%) were somewhat less common.

In dialysis patients, the risk of stroke and chronic cerebrovascular accidents 
increases multiple times, the risk of developing cognitive impairment is aggravated, 
and the quality of life of dialysis patients decreases [10, 11]. According to a meta-
analysis conducted by Etgen in 2012, CKD is a statistically significant independent 
somatic risk factor for the development of cognitive impairment [12]. Epidemiological 
studies have also revealed a clear relationship between a decrease in glomerular filtra-
tion rate and high cardiovascular mortality in dialysis patients [13, 14], the proportion 
of which is extremely high among patients on renal replacement therapy [15]. 
According to our data, in patients undergoing programmed HD for more than 
1-year, cognitive impairments were found much more often (75.5–81.1% of cases, 
p = 0.05) compared with people without renal pathology. The presence of ESRD and 
the presence of a patient on programmed HD, regardless of gender and educational 
level, can directly affect the development of cognitive impairment. For the screening 
assessment of the neuropsychological status of dialysis patients, the timely use of 
various neuropsychological scales is necessary: in particular, the use of the SLUMS 
and MoCA scales is possible. The risk factors for the development of cognitive 
impairment in persons receiving programmed HD can be considered an increase in 
the dialysis experience and the age of patients, as well as a low calculated dialysis 
adequacy index for urea (Kt/V less than 1.4).

In general, the problem of acute and chronic cerebrovascular disorders in dialy-
sis patients remains the most urgent. Description of the spectrum of risk factors for 
cerebrovascular pathology in dialysis patients and effective control over them seems 
to be an effective strategy aimed at increasing the duration and quality of life in 
patients receiving renal replacement therapy.

1.2  Specific risk factors for the development of cerebrovascular pathology in 
patients with chronic kidney disease

Risk factors for cerebrovascular diseases in CKD and dialysis patients can be 
conditionally divided into “traditional” (arterial hypertension, diabetes mellitus, 
hypercholesterolemia) and “specific” (associated with renal pathology and dialysis 
procedures). Specific risk factors remain poorly understood and less well known to 
medical practitioners. The spectrum of specific factors of cerebrovascular risk in 
patients with dialysis stage of the CKD includes specific dialysis factors that form 
during programmed HD, as well as impaired phosphorus-calcium metabolism, 
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increased blood levels of β2-microglobulin, homocysteine, malondialdehyde and 
superoxide dismutase, a decrease in the level of nitric oxide (II) metabolites, accu-
mulation of uremic toxins and toxins of intestinal bacteria, development of nephro-
genic anemia, dietary features of patients with renal pathology, etc.) [16–18]. Some 
of them are presented in more detail below.

1. Specific cerebrovascular risk factors that form during the HD procedure 
(dialysis factors) include disruptions of autoregulation of microcirculatory 
cerebral blood flow during regular programmed HD procedures, impaired 
drainage function of the brain against the background of stasis of interstitial 
fluid, aggravated by osmotic and electrolyte disorders of dialysis functioning 
of the glymphatic system. The high probability of developing hemodynamic 
instability and disruption of autoregulation of microcirculatory cerebral blood 
flow in dialysis patients, in addition to the traditional mechanisms common 
to patients with cardiovascular risk, may be due to the possibility of several 
specific complications during the HD procedure itself. In particular, during the 
programmed HD procedure, several patients may develop intradialysis hypo-
tension, which is formed due to various pathogenetic mechanisms: the effect of 
ultrafiltration, hypovolemia and a decrease in the volume of extracellular fluid, 
an increase in body weight in the interdialysis period, electrolyte and osmolar 
disorders, and frequent autonomic dysfunction of dialysis patients. Also, in 
patients receiving programmed HD, intradialysis hypertension may develop 
due to an overestimation of the patient’s “dry weight”, intradialysis potassium 
drop, fluctuations in calcium levels, as well as the use of beta-blockers and 
other specific factors during the programmed HD procedure.

2. Violation of phosphorus-calcium metabolism and calcification of the arterial 
microvasculature: Already in the early stages of the development of CKD, 
there is a progressive impairment of phosphorus-calcium metabolism, which 
reaches its maximum during the dialysis period of CKD. These disorders 
include an excess of factors that contribute to the calcification of the arterial 
microvasculature, as well as a lack of factors that inhibit the calcification 
of the arterial wall. In the pathological circle of disorders of phosphorus-
calcium metabolism and calcification of the arterial wall, several stages are 
distinguished. At the first stage, due to the presence of renal pathology and 
the development of CKD, there is a decrease in the excretion of phosphates in 
the urine and the formation of hyperphosphatemia. In response to an increase 
in serum phosphorus concentration, intestinal absorption of phosphorus 
decreases (it is discussed that this process is mediated by an increase in the 
level of phosphatonin (FGF23, fibroblast growth factor-23).

Long-term elevated levels of FGF23 in combination with destruction of the 
proximal renal tubules in CKD lead to a decrease in calcitriol levels, which means 
a decrease in calcium absorption in the intestine and suppression of its reabsorp-
tion in the kidneys, followed by the formation of hypocalcemia. At the next stage 
of the vicious circle of disorders of phosphorus-calcium metabolism, the loss of 
calcium by the body is compensated mainly due to the development of secondary 
hyperparathyroidism and increased resorption of bone tissue. When calcium is 
released from the bone, the level of serum phosphorus increases compensatory, 
thus, the vicious circle of phosphorus-calcium metabolism is closed [19]. Excess 
serum calcium is subsequently deposited in ectopic soft tissues and in the in the 
vascular system (in other words, vascular calcification is observed) [20]. It is 
believed that the process of calcification and increased stiffness of the vascular 
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wall are associated with an increased risk of cardiovascular events, but there is no 
separate data on the cerebrovascular risk associated with arterial calcification and 
calcifying uremic arteriolopathy development [21]. The literature provides data on 
another possible mechanism by which an excess of phosphates leads to calcifica-
tion of arteries, namely, a change in the phenotype of vascular smooth muscle 
cells (SMC) according to the “osteogenic type”. Vascular wall SMCs stop producing 
SM22α-actin and instead synthesize bone formation factors involved in vascular 
calcification (alkaline phosphatase, osteocalcin) [22]. There is evidence that the 
mineralization of the vascular wall is also aggravated by the degradation of elastin 
against the background of the occurrence of osteogenically modified SMCs [23]. 
The degraded elastin increases the affinity of calcium and promotes the growth of 
hydroxyapatites along the elastic fibers. The gradual reduction of vascular smooth 
muscle leads to additional fibrosis of the median membrane of small and medium 
arteries, a decrease in cerebral blood flow and possible cerebrovascular risks. It is 
known that in CKD in the pre-dialysis period, there is also a lack of endogenous 
factors that inhibit the calcification of the arterial wall: FGF-23 klotho coreceptor, 
MGP protein (matrix glutamate protein), pyrophosphate, etc. reabsorption in the 
renal tubules [24]. The role of klotho as a protective factor of the vascular wall, 
which prevents osteogenic differentiation of SMCs, is discussed [25]. It is believed 
that as CKD progresses, the level of klotho gradually decreases, however, there is 
insufficient data on the effect of reduced concentrations of klotho on the develop-
ment of cerebrovascular diseases [26]. Pyrophosphate and MGP protein (vitamin 
K-dependent glutamate-containing protein) are normally synthesized by healthy 
SMCs and inhibit vascular mineralization [27].

3. Anemia and dysfunction of blood cells: It is necessary to note another impor-
tant specific risk factor for the development of cerebral vascular disorders in 
patients with CKD—the presence of anemia and dysfunction of blood cells, 
mainly platelets. The development of anemia in patients with CKD is associ-
ated with prolonged proteinuria, which is accompanied by losses of eryth-
ropoietin, transferrin and ionized iron, leading to a persistent decrease in 
hemoglobin levels [28]. As renal failure progresses, the anatomical structures 
that produce erythropoietin are gradually replaced by fibrous tissue, which is 
accompanied by the loss of hormone-producing properties. Observations by 
Chang et al. (2013), show that the presence of anemia in CKD increases the 
prevalence and severity of cerebrovascular disorders in patients with CKD 
[29]. The results of epidemiological studies indicate that the likelihood of 
developing an ischemic stroke is significantly higher in patients with anemia 
associated with CKD, and when the target values of hemoglobin and eryth-
rocytes are reached, the risk of stroke is significantly reduced [30]. Platelet 
dysfunction in CKD is the result of a combination of intrinsic platelet abnor-
malities and disorders of platelet–vascular wall interaction [31]. This leads to a 
deterioration in platelet aggregation and impaired binding between the surface 
glycoprotein complex GPIIb/IIIa and fibrinogen on the subendothelial surface, 
thereby contributing to hypoaggregation and possible hemorrhagic events. The 
anemia that accompanies CKD exacerbates platelet dysfunction. This is due to 
a deficiency of erythropoietin, which normally improves platelet function by 
increasing the density of surface GPIIb/IIIa receptors [32]. There are works in 
the literature on the role of the transmembrane receptor RAGE in the forma-
tion of chronic vascular inflammation by inducing proinflammatory cytokines 
and chemokines. An increase in the concentration of end products of glyca-
tion observed in CKD patients due to impaired excretory function leads to an 
increase in the expression of RAGE in the cells of the vascular wall. This leads 
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to an increase in the concentration of sRAGE, the serum form of this receptor, 
which is a marker of inflammation and, in contrast to RAGE itself, can neutral-
ize some of the inflammatory effects through competitive binding to circulat-
ing ligands [33]. In patients with CKD, the sRAGE level is 2.4 times higher than 
in the general population, and the concentration of proinflammatory ligands is 
4 times higher than in the control group without CKD [34]. It is assumed that 
this may affect the formation of microangiopathy in the deep regions of the 
brain by activating the inflammatory response, impaired permeability of the 
blood–brain barrier and the occurrence of microbleeds [35], however, there is 
no convincing data on this yet.

4. Hyperhomocysteinemia and hyperβ2-microglobulinemia: Another specific risk 
factor for cerebrovascular disorders in CKD is hyperhomocysteinemia, which 
plays an important role in the formation of malignant atherosclerosis in CKD 
and thrombovascular disorders. Pathological accumulation of homocysteine 
occurs due to impaired reabsorption and metabolism of renal tubular cells in 
CKD [36]. β2-microglobulin is normally eliminated by the kidneys. Impaired 
elimination of β2-microglobulin from the body by the natural nephrogenic way 
leads to further deposition of amyloid in the walls of the microvasculature, the 
formation of secondary amyloidosis and CAA with the risk of cerebral micro-
bleeds [17]. The high incidence of cerebral microbleeds (according to our data, 
47% of the examined patients, mainly in the subcortical nuclei and supraten-
torial localization), can be explained by the development in this category of 
patients of both sporadic non-amyloid CMA and CAA, including against the 
background of persistent β2-microglobulinemia.

5. Accumulation of uremic toxins as a specific risk factor for cerebrovascular dis-
eases in the pre-dialysis and dialysis periods of CKD. Uremic toxins can have 
both direct neurotoxic and vascular effects, and indirect, mediated through 
the aggravation of the negative effects of the above-described specific risk 
factors. It has been proven that the influence of such uremic toxins as uric acid, 
guanidine compounds, indoxyl sulfate, as well as proinflammatory cytokines–
interleukins (Il) 1β, Il-6, tumor necrosis factor α, negatively affect cognitive 
functions and the functioning of the central nervous system under conditions 
of uremia [37]. The neurotoxic effects of these compounds can be mediated 
through ligand- and voltage-dependent calcium channels. Other studies have 
noted a direct effect of uremic toxins on the rate of cerebral blood flow [38]. 
It is believed that uremic toxins can enhance oxidative stress, chronic inflam-
mation, endothelial dysfunction, and vascular calcification [39]. Studies in 
mice with CKD have shown that an increase in the level of a number of uremic 
toxins increases the content of intercellular adhesion molecules: VCAM-1 
(CD106) and ICAM-1 (CD31) [40]. Cell adhesion molecules perform impor-
tant functions of recognition, adhesion, and migration of immune-competent 
cells. In cases of violations of adhesive function of the endothelium and 
balance in the ratio of intercellular adhesion molecules, according to several 
authors, progression of angiopathy and malignant atherosclerosis is possible. 
In particular, it was found that uremic toxins induce the formation of angiopa-
thy in patients with CKD, provoke calcification of the SMC of the aorta [41]. It 
is not yet known to what extent these mechanisms affect the development of 
cerebrovascular diseases, which requires further study of this issue.

6. Intestinal bacterial toxins: Another specific risk factor for the development 
of cerebral vascular disorders in patients with CKD, which will be presented 
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below in the form of an original study—intestinal bacterial toxins is dis-
tinguished. One of the negative consequences of the use of extracorporeal 
detoxification methods can be a violation of intestinal microbiocenosis. Recent 
studies have shown the presence of changes in intestinal microbiocenosis in 
patients with end-stage CKD. At the same time, in comparison with the pre-
dialysis stage patients, the patients receiving programmed HD had more pro-
nounced disorders in the composition of the intestinal microbiota [42, 43]. At 
present time, the greatest attention is paid to two possible mechanisms for the 
development of changes in the composition of the intestinal microbiota in the 
literature: the characteristics of the diet and drugs taken in dialysis patients, 
as well as the regimen of the selected method of extracorporeal detoxification 
(HD, PD, or a functioning kidney transplant). Opportunistic gut microorgan-
isms can produce uremic toxins, in particular, indoxyl sulfate and paracresol 
sulfate, which are associated with an increased risk of inflammation, increased 
oxidative stress, progression of CKD, and a higher risk of cardiovascular dis-
ease (CVD), which appears to predispose to disorders of intestinal microbioce-
nosis and mediated vascular risks.

Restrictions on the consumption of fruits and vegetables (sources of potassium), 
cheese, milk and dairy products (sources of phosphorus) contribute to the pre-
dominance of bacteria that produce toxic metabolites [44], which negatively affects 
the integrity of colonocytes and impairs the protective barrier of the colon mucosa 
[45]. Insufficient protein intake and loss of albumin during dialysis, especially when 
using high-flux membranes, also lead to a change in the species structure of the 
intestinal microbiome and increase the risk of bacterial translocation (penetration 
of microorganisms from the lumen of the gastrointestinal tract through the mucous 
barrier into the blood and lymph flow) and endotoxemia [42, 46]. On the contrary, 
if a high-fiber diet is properly followed in patients on PD, circulating concentra-
tions of uremic toxins (in particular, paracresol sulfate) and some other markers of 
inflammation are reduced [47–49]. The dialysis procedure itself is associated with 
inevitable dietary restrictions for the dialysis patient, which may partly explain the 
differences between patients on PH and PD [50]. Thus, patients receiving PD are 
less prone to hyperkalemia than patients receiving PD [51]. Dietary restrictions in 
this category of patients are considered milder, and the diet is more varied.

Patients receiving renal replacement therapy are forced to take several 
medications regularly, which, as well as dietary habits, can negatively affect the 
composition of the intestinal microbiocenosis. However, the data on this issue are 
inconsistent. In particular, Khoury et al. (2016), postulate that the frequent use 
of antibiotics and phosphate binders in patients with end-stage CKD can alter the 
composition of the intestinal microbiota and, therefore, jeopardize the intestinal 
barrier [52]. Researchers consider phosphate binders, immunosuppressants, 
antibiotics, and proton pump inhibitors as drugs that negatively affect the intestinal 
microbiocenosis of dialysis patients [53].

The aim of our investigation was to study the species composition of colon 
microbiocenosis in patients with CKD receiving programmed HD treatment and to 
evaluate the effectiveness of its correction using a new immobilized synbiotic.

2. Materials and methods

The examined patients were on planned outpatient treatment in the depart-
ment of gravitational surgery of blood and hemodialysis in 2018–2020. Patients 
were enrolled in this parallel-group randomized controlled clinical trial using a 
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continuous sample method. The study involved 62 patients, including 36 women 
(58.1%) and 26 men (41.9%). Inclusion criteria were: age from 18 to 85 years; the 
presence of the dialysis stage of chronic kidney disease, the experience of program 
hemodialysis for more than 1 year; the adequacy of the programmed hemodialysis 
(at least 3 sessions per week, at least 4 hours/session and 720 minutes per week, the 
calculated dialysis adequacy index (purification coefficient Kt/V for urea) is at least 
1.4, calculated based on the proportion of urea reduction weight loss during dialy-
sis, dialysis time and patient weight); no antibiotic intake for 2 months and more, 
signed informed consent of the patient.

The patients were divided into the main group and the comparison group 
matched by sex and age. Basic therapy for patients with dialysis stage CKD of both 
groups included a high-protein diet and, if necessary, the appointment of drug 
therapy: antihypertensive—β-blockers (bisoprolol), blockers of Ca-channel (amlo-
dipine), blockers of imidazoline receptors (moxonidine) and hypolipidemic—ator-
vastatin or rosuvastatin; as well as the treatment of anemia: erythropoietin α (or β) 
or methoxypolyethylene-glycol-epoetin-β; iron preparations (iron (III) hydroxide 
sucrose complex); correction of mineral-bone disorders: active metabolites of 
vitamin D (calcitriol, paricalcitol), calcimimetics (cinacalcet), phosphate-binding 
agents (β-iron (III) oxyhydroxide complex); correction of protein-energy defi-
ciency (keto analogs of amino acids) [43].

The main group consisted of 32 patients with dialysis stage of CKD, including 
19 women (59%) and 13 men (41%) aged 38–65 years (mean age 57.1 ± 7.9 years). 
Dialysis experience—from 12 to 123 months (40.6 ± 29.8 months). They received 
basic therapy and, as a probiotic, a new immobilized synbiotic “LB-complex L”. The 
comparison group included 30 patients, including 17 women (57%) and 13 men 
(43%) aged 34–65 years (54.7 ± 8.4 years) with comparable dialysis experience. 
They received basic therapy and a placebo. All patients underwent an assessment 
of the nature of complaints, clinical and laboratory data (general blood test with 
determination of the number of leukocytes, ESR; biochemical blood test with 
determination of creatinine, blood urea, C-reactive protein); the dialysis adequacy 
index (purification coefficient Kt/V for urea) was calculated for each patient. The 
quality of life was assessed using the SF-36 (Short form medical outcomes study) 
questionnaire [11]. The study of the species composition of the intestinal micro-
biota and the assessment of the state of the microbiocenosis was carried out using 
the unified methodology developed by us and OST 91500.11.0004-2003 “Patient 
Management Protocol. Intestinal dysbiosis” [54, 55]. Microorganisms were identi-
fied on an autoflex speed time-of-flight MALDI-TOF mass spectrometer (Bruker 
Daltonik, Germany) using the Biotyper 4.1.80 RTC program. The author’s immo-
bilized multistrain synbiotic LB-complex L (SGR RU.77.99.88.003.E.002522.06.18) 
[56], recommended as a source of probiotic microorganisms (bifidobacteria and 
lactobacilli) and zeolites (enterosorbent), which increase the body’s nonspecific 
resistance and have a detoxifying effect. Six strains that make up the synbiotic 
under study belong to species with a documented history of safe use and are 
approved for the production of medical immunobiological preparations. They 
do not have genetically modified analogues, meet the requirements for probiotic 
strains [36, 57], in particular, they have high antagonistic activity against a wide 
range of pathogenic and opportunistic microorganisms, antibiotic resistance 
undetermined by plasmids, and are sufficiently resistant to the action of gastric 
juice and bile. Zeolites of the Kholinsky deposit, selected as a matrix for the 
immobilization of probiotic strains, are approved for use in medical practice (SGR 
KZ.16.01.78.003.E.004706.08.15 from 18.08.2015). A unique property of clinopti-
lolites is the property of selective ion exchange: they are ultra-elements, if they are 
not enough, and they remove substances that are in excess from the body. Zeolites 
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have pronounced sorption properties, since the openwork of the crystal lattice 
creates a large adsorption volume, they do not break down and do not undergo any 
changes in the human body [19]. Statistical processing was performed using stan-
dard software packages Statistica 6.1 and Microsoft Excel 2007. Data were presented 
as arithmetic mean (M) and standard error of the mean (m). If the distribution 
of data in the samples was not characterized as normal, nonparametric methods 
of analysis were used. The significance of the differences was assessed using the 
Mann–Whitney test. Differences between independent groups were considered 
statistically significant with a probability of error p < 0.05.

3. Results and discussion

At the beginning of this study, a comprehensive examination of patients on pro-
grammed HD was carried out, including the determination of clinical and labora-
tory parameters, an assessment of the quality of life by a questionnaire method and 
a bacteriological analysis of the colon microbiocenosis.

When analyzing laboratory data before using the synbiotic, comparable 
indicators were found in both groups: a moderate increase in ESR (43.7 ± 21.4 and 
42.4 ± 18.9 mm/h) and CRP (6.8 ± 3.1 and 6.5 ± 2.9 g/L), normal leukocyte count 
(6.7–6.8*109/L), increased levels of blood urea (19.6–19.4 mmol/L) and blood creati-
nine (697.1–688.5 μmol/L), indicating the presence of chronic moderate inflamma-
tion and azotemia in patients receiving PG. The Kt/V index for urea was 1.43 ± 0.16 
and 1.41 ± 0.18, which indicated the adequacy of the dialysis dose (Table 1).

ESR, erythrocyte sedimentation rate; C-RP, C-reactive protein; Le, leukocyte 
count; Kt/V for urea index, the dialysis adequacy index (for urea).

An in-depth study of the microbiota in patients with CKD undergoing hemo-
dialysis showed that among representatives of the phylum Actinobacteria in the 
microbiocenosis of the colon, representatives of the genus Bifidobacterium are 
found in 75% of the examined, in 43.7% of them the detected number of bifi-
dobacteria is significantly lower than normal. 1–2 species of bifidobacteria were 
isolated from each patient, and Bifidobacterium longum prevailed in the species 
structure −43.75% (Figures 1–4).

Using our technique, in this study, such rarely identified species of the 
Enterobacteriaceae family as Enterobacter asburiae, Enterobacter kobei, Citrobacter 
youngae, Serratia liquefaciens, and Raoultella planticola were isolated.

Dysbiotic changes in colon microbiocenosis of varying degrees were detected in 
100% of the examined patients (Figure 5).

During the analysis of the composition of the intestinal microbiota, it was 
noted that in the absence or suppression of lacto- and bifidoflora, the number 
and species diversity of microorganisms of the genera Bacteroides, Clostridium, 
Collinsella, Eggerthella, etc. literature [58]. The concept of functional redundancy 
has been validated in metagenomic studies. For example, in experimental models 

ESR,  
mm/hour

C-RP, g/L Le, cell/L Urea (blood), 
mMol/L

Creatinine 
(blood), μmol/L

Kt/V for urea 
index

Study 
group

43.7 ± 21.4 6.8 ± 3.1 6.7·109/L 19.6 697.1 1.43 ± 0.16

Control 
group

42.4 ± 18.9 6.5 ± 2.9 6.8·109/L 19.4 688.5 1.41 ± 0.18

Table 1. 
Values of some clinical laboratory test hematology and blood chemistry indicators in study and control groups.
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Figure 3. 
Occurrence rates for various species of the normal human colon microbiota in patients with chronic kidney 
disease receiving programmed hemodialysis.

Figure 1. 
Quantitative characteristics of major components of the obligate intestinal microbiota in patients with chronic 
kidney disease receiving programmed hemodialysis.

Figure 2. 
Occurrence rates for various species of the genus Bifidobacterium in patients with chronic kidney disease 
receiving programmed hemodialysis.
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[59], it was clearly shown how, on the one hand, functional redundancy and, on 
the other hand, metabolic “specialization” (production of lactate and acetate) of 
representatives of the two main bacterial phyla—Firmicutes and Bacteroides—
provide stability the gut ecosystem as a whole. However, in CKD, due to the 
progression of renal failure, the concentration of uremic toxins in the intra- and 
extracellular spaces increases, which leads to their influx into the gastrointestinal 
tract. With the help of bacterial urease, urea is quickly converted into ammonium 
hydroxide, irritating of the mucous membrane of the large intestine and, in the 
future, the development of inflammation. Approximately 68% of creatinine is 
transformed by bacteria into creatine, and the remainder is converted into 1-meth-
ylhydantoin, sarcosine, methylguanidine, etc., by the quantitatively prevailing pro-
teolytic microorganisms (B. fragilis, Bacteroides thetaiotaomicron, Enterobacter spp., 
Citrobacter spp.) recognized as uremic toxins, which contribute to the aggravation 
of the manifestations of renal failure [21, 60].

Thus, in pathological conditions in humans, the mechanism of functional 
redundancy of the microbiota can lead to a worsening of the course of the disease 
[20]. As a result, the restoration of microbiocenosis with the help of undoubtedly 
probiotic microorganisms (lactobacilli and bifidobacteria) is of particular impor-
tance: proteolytic bacteria are excluded from the pathogenesis of the underlying 
disease formate and succinate) remains unchanged.

After complex therapy, both in the control group and in the group in which the 
synbiotic “LB-complex L” was used [9], bifidobacteria were detected in 100% of cases. 

Figure 4. 
Occurrence rates for various species of the genus Bacteroides spp. in patients with chronic kidney disease 
receiving programmed hemodialysis.

Figure 5. 
Dysbiotic disorders (grades I–III) of the colon microbiocenosis in patients with chronic kidney disease receiving 
programmed hemodialysis before starting treatment with symbiotic.
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However, in the main group, they were isolated mainly in amounts of 109–1010 CFU/g, 
while in the comparison group, their number was 107–108 CFU/g (p < 0.05). 
Lactobacilli were isolated in amounts of 107–108 CFU/g in 100% of patients in the 
main group and 56.25% of those examined from the comparison group. In 43.75% 
of patients in the comparison group, lactobacilli were absent in the microbiocenosis. 
Bacteroids were detected in 100% of the examined in the amount of 108–109 CFU/g in 
the main group and 106–107 CFU/g in the comparison group (p < 0.05).

In the main group, opportunistic microorganisms after treatment were 
detected with a lower frequency and in a smaller amount than in the comparison 
group. Thus, Klebsiella spp. was isolated in 6.25% versus 50.0% in the comparison 
group, Citrobacter spp.—in 12.5 and 56.25%, respectively. A similar trend was 
observed about other opportunistic microorganisms and fungi (Raoultella spp., 
Enterococcus spp., Streptococcus spp., Acinetobacter spp., Corynebacterium spp., 
Microbacterium spp., Bacillus spp., Candida spp., etc.). Thus, in the main group, 56% 
of the examined microbiocenosis recovered, grade III dysbiosis was not detected 
in any patient. In the comparison group, the microbiological indicators worsened: 
the number of cases of detection of pronounced microbiocenosis disorders of 
II and III degrees increased. In clinical and biochemical blood parameters of 
patients of the main group, attention is drawn to the decrease after treatment in 
the level of inflammation indicators—CRP (5.3 g/L) and ESR (36.2 mm/h).

The modern concept of providing medical care requires not only the restoration 
of the biological function of the body but also the normalization of its functioning. 
When assessing the quality of life using the SF-36 questionnaire, our study revealed 
an improvement in these indicators on the scales reflecting the physical component 
of health in the main group. The most positive dynamics after the treatment in the 
main group was noted on such scales of quality of life as RP—the scale of role activ-
ity due to a physical condition (before treatment: 39.2, after: 45.1); P, pain intensity 
scale (65.2 and 71.3, respectively) and GH, general health scale (52.6 and 58.8, 
respectively) (Figure 6) [60].

a

b

Figure 6. 
Dysbiotic disorders of colon microbiocenosis in patients with chronic kidney disease receiving programmed 
hemodialysis after treatment (a) main group; (b) comparison group.
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4. Conclusion

Thus, acute and chronic cerebrovascular disorders in patients with CKD of the 
pre-dialysis and dialysis periods are the most frequent and formidable complica-
tions that develop against the background of “traditional” and “specific” cerebro-
vascular risk factors. Because of the studies, new knowledge was obtained about 
the species diversity and species representation of the microbiocenosis of the colon 
lumen in patients with chronic kidney disease receiving program dialysis. The 
inclusion of the author’s immobilized multistrain synbiotic “LB-complex L” as a 
dietary component in the basic therapy allows not only to restore the evolutionarily 
determined microbiocenosis, but also improves the quality of life of patients, and 
also helps to reduce the risk of cardiovascular events.

Active control of the described specific indicators (impaired phosphorus-
calcium metabolism and calcification of the arterial bed, correction of anemia 
and dysfunction of blood corpuscles, hyperhomocysteinemia and hyperβ2-
microglobulinemia, accumulation of uremic toxins and toxins of intestinal bacteria, 
correction of pathologically altered intestinal microbiocenosis) and conditions of 
dialysis their timely prevention, as well as the correction of intradialysis hypo-/
hypertension, are necessary for the timely prevention of cerebrovascular disorders 
in dialysis patients.

© 2021 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms 
of the Creative Commons Attribution License (http://creativecommons.org/licenses/
by/3.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited. 
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Abstract

Fabry disease is a rare X-linked lysosomal storage disorder due to mutations 
in the GLA gene causing complete or partial deficiency of the lysosomal enzyme 
alpha-galactosidase A (a-Gal A). This enzyme deficiency results in tissue accumula-
tion of trihexosylceramide causing the diseases’ systemic manifestations, including 
acroparesthesia, angiokeratomas, cardiac disease, cerebrovascular manifestations, 
and kidney disease. Kidney manifestations of Fabry disease can include proteinuria, 
renal tubular dysfunction, hypertension, and cystic formation. With the relatively 
recent introduction of enzyme-replacement therapy (ERT), this congenital disorder 
can now be treated providing these patients with much longer life expectancies and 
less severe systemic manifestations than before. When started in the appropriate 
population, ERT is generally continued until a reason for stopping therapy arises. 
Although ERT is expensive, it has drastically changed the clinical outcome of 
patients with Fabry disease, and timely initiation of ERT and regular assessments 
of disease progression by a multidisciplinary care team are critical for the long-term 
management of these patients.

Keywords: Fabry disease, GLA gene, alpha-galactosidase A, trihexosylceramide, 
enzyme-replacement therapy, glycosphingolipids, agalsidase, kidney disease, zebra 
bodies

1. Introduction

Fabry disease (OMIM # 301500), also called Anderson-Fabry disease, is a rare 
X-linked lysosomal storage disorder due to mutations in the GLA gene, causing 
complete or partial deficiency of the lysosomal enzyme alpha-galactosidase A 
(α-Gal A) [1, 2]. The incidence of Fabry disease is estimated at 1:50,000 to 1:117,000 
in males [3]. It has been found among all demographic, ethnic, and racial groups. 
Fabry disease has been recognized as a heterogeneous, highly complex, and multi-
systemic disease associated with a high burden of morbidity and mortality [2].

The α-Gal A enzyme is crucial for glycosphingolipid metabolism. 
Glycosphingolipids are normal constituents of the plasma membrane as well 
as the membranes of intracellular organelles. In Fabry disease, the α-Gal A 
deficiency results in a tissue accumulation of trihexosylceramide causing the 
disease’s systemic manifestations [1]. Early and often asymptomatic cellular 
damage typically precedes various degrees of organ affection that can lead to 
progressive organ failure [2]. Males with less than 1% α-Gal A enzyme activity 
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usually present with classic Fabry disease characterized by onset in childhood or 
adolescence. Symptoms include acroparesthesia, angiokeratomas, hypohidrosis 
or anhidrosis, characteristic corneal and lenticular opacities, cardiac disease, 
cerebrovascular manifestations, proteinuria, and gradual deterioration of renal 
function, as well as gastrointestinal, auditory, pulmonary, vascular, and psycho-
logical manifestations [4–12]. Males with greater than 1% α-Gal A activity may 
have later-onset phenotypes and typically develop renal and/or cardiac disease in 
their fourth to seventh decades of life [13, 14]. Heterozygous females usually have 
milder symptoms and a later age of onset than males. However, there is broad 
phenotypic variability and they may have symptoms as severe as those observed 
in males with the classic form [15, 16], possibly due to skewed X-chromosome 
inactivation [1, 17].

To date, more than 1000 mutations in the GLA gene have been identified [18], 
and research on clinically relevant genotype-phenotype relationships is increasingly 
prioritized [2]. Most of the pathogenic GLA mutations are private, occurring in 
a single or few families; intra-familial phenotypic variability has been observed, 
complicating the study of genotype-phenotype correlations [19]. Some mutations 
can be associated with the classic phenotype that includes nonsense, most of the 
splicing and frameshift mutations resulting in little or no α-Gal A enzyme activity 
[19]. In contrast, some missense mutations can encode enzymes with residual α-Gal 
A activity presenting with the later-onset phenotypes [19–21].

Current therapeutic approaches for Fabry disease include the reduction of 
accumulated glycosphingolipids through enzyme-replacement therapy (ERT) and 
a pharmacological chaperone for a subset of Fabry patients with amenable muta-
tions, along with symptomatic and palliative treatments when needed [22]. In this 
chapter, we will focus on ERT in Fabry disease, which has clearly demonstrated a 
modifying effect on serious organ complications and mortality. Kidney manifesta-
tions in Fabry disease and the effect of ERT on clinical nephrological outcomes will 
be highlighted.

2. Kidney manifestations in Fabry disease

Nephropathy caused by intracellular accumulation of globotriaosylceramide 
(Gb3) in the kidney, is one of the main features of Fabry disease. Kidney manifes-
tations occur in at least 50% of male patients and approximately 20% of female 
patients [16]. A urinary concentration defect, microalbuminuria, and later overt 
proteinuria and progressive decline of kidney function are important signs of Fabry 
nephropathy [23].

2.1 Proteinuria

Proteinuria is the most important biomarker in Fabry nephropathy. Studies 
showed urinary protein excretion is strongly associated with renal disease progres-
sion in men and women with Fabry disease [24]. Proteinuria may be glomerular 
or tubular in origin and usually appears during the second to third decades of life 
in affected individuals [23, 25, 26]. Early-onset of proteinuria is not rare and it has 
been reported in male and female adolescents and in boys as young as 6 years [23]. 
Approximately 90% of males with Fabry disease developed proteinuria by the age 
of 50 years [27]. Approximately 30–35% of females with Fabry disease have overt 
proteinuria with an age of onset that is usually later than in males [27–29]. Though 
proteinuria is an early complication of renal injury, it may not be overt in some 
patients even with advanced kidney disease [28].
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The mechanism of proteinuria has not been entirely clear. Gb3 deposits in 
podocytes have not been directly related to the magnitude of proteinuria [23]. The 
degree of proteinuria is a major prognostic determinant for more rapidly progres-
sive Fabry nephropathy, particularly in adult male patients, and may also directly 
contribute to the progression of renal disease [23].

Nephrotic-range proteinuria is uncommon. In a long-term natural history study 
from the National Institutes of Health (NIH), nephrotic proteinuria was found in 
18% of patients with renal disease. The age at onset of nephrotic proteinuria was 
40 ± 7 years (range 26–55 yr). The full presentation of nephrotic syndrome was 
uncommon even in patients who had heavy proteinuria [27].

2.2 Renal tubular dysfunction

Gb3 accumulation in the kidney occurs in all renal cells but preferentially in the 
glomeruli, distal tubular cells, and vascular smooth muscle cells. Injury of distal 
tubular cells leads to urinary concentration defects presenting with polyuria, noc-
turia, and polydipsia, which may be the early signs of Fabry kidney disease [27, 30]. 
Interestingly, one case report has suggested that screening for mulberry cells (regarded 
as distal tubular epithelial cells in which Gb3 has accumulated) during urinalysis could 
be a simple, inexpensive, and noninvasive method for diagnosing Fabry nephropathy 
in the absence of proteinuria [31, 32]. Gb3 deposition in proximal tubules may rarely 
lead to proximal renal tubular acidosis or even Fanconi syndrome. The urine sediment 
in Fabry disease may contain oval fat bodies, which are renal tubular epithelial cells 
or cell fragments with lipid inclusions. Under microscopy using crossed polarization 
filters, these oval fat bodies demonstrate a typical Maltese cross configuration with a 
lamellar appearance [27].

2.3 Chronic kidney disease

Initially, patients with Fabry disease may have glomerular hyperfiltration at a 
rate similar to diabetic nephropathy [23, 33]. However, when the number of dam-
aged nephrons reaches a critical level that cannot maintain adequate glomerular 
filtration, there will be a rapid decline in GFR [23]. CKD is prevalent in untreated 
patients with Fabry disease and typically progresses to end-stage renal disease 
(ESRD). In a cross-sectional retrospective analysis of the natural history of glo-
merular filtration rate (estimated-eGFR), albuminuria, and proteinuria in 1262 
adult patients (585 males, 677 females) using data from the Fabry Registry before 
treatment with ERT, chronic kidney disease (CKD) stages 1 or 2 were found in 72% 
of males and 87% of females. CKD with eGFR <60 ml/min/1.73 m [2] was found in 
28% of males and 13% of females, while in patients aged >40 years, the percentage 
increased to 45 and 20% [28]. Without ERT, progression rates of renal insufficiency 
can be as high as seen in diabetic nephropathy [23]. In the NIH series described 
above, 39 of 105 patients developed CKD defined as a serum creatinine concentra-
tion ≥ 1.5 mg/dL, and the median age of CKD onset and ESRD was 42 years and 
47 years, respectively, with a time of progression from onset of CKD to ESRD 
4 ± 3 years (range 1–13 yr) [27].

2.4 Hypertension

Hypertension is not a common early finding in patients with Fabry disease but 
becomes more prevalent with disease progression [23]. In the NIH series, hyper-
tension was present in 31 patients (30%) with onset at age 38 ± 11 years (range 
14–54 yr). Thirty-five percent of patients developed hypertension before the onset 
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of CKD, 12% of patients had a simultaneous diagnosis of hypertension and CKD, 
and 53% of patients developed hypertension 5 ± 5 years after the onset of CKD [27], 
suggesting that the onset of CKD was followed by the development of hypertension 
in most patients.

2.5 Renal sinus and parapelvic cysts

Renal cysts are common, particularly in older men. Studies from potential living 
kidney donors showed that a cortical, medullary, or parapelvic cyst ≥5 mm was 
present in 12%, 14%, and 2.8%, respectively [34]. Renal sinus and parapelvic cysts 
are more prevalent in patients with Fabry disease compared to the general popula-
tion and are considered as a distinguishing feature in Fabry disease [35]. In a cross-
sectional case-control study with 24 patients affected with classic Fabry disease 
(mean age 36.1 ± 8.1 years, median 37 years, range 20–48 years), prospective renal 
imaging evaluation with magnetic resonance imaging (MRI) and computed tomog-
raphy (CT) showed 50% of Fabry disease patients had renal sinus cysts, compared 
to one individual (7%) in the control group [35]. The etiology and mechanism of 
sinus cyst formation in Fabry disease remain unclear.

2.6 Renal pathology

Renal biopsy is important not only for confirming the diagnosis, but also to 
show renal damage that can occur in some patients with minimal or no evidence 
of renal disease on standard tests [23]. By light microscopy, the cells, especially 
podocytes, parietal epithelial cells, and distal tubular epithelial cells, appear 
vacuolated because the accumulated glycosphingolipid inclusions are removed 
during tissue processing for paraffin embedding. Hyaline-like material accu-
mulates in the media of arteries and arterioles and sometimes in the mesangial 
regions [36]. Immunofluorescence is typically negative. By electron microscopy, 
podocytes are filled with osmiophilic, granular-to-lamellated membrane struc-
tures (zebra bodies) [23, 27, 36].

3. Enzyme-replacement therapy (ERT)

Before ERT was available, a reduced life span of about 25 years in males and 
10 years in females was expected compared with the general population [2, 37]. 
Clinical research with follow-up data clearly demonstrates a modifying effect of 
ERT on serious organ complications and mortality. ERT has been available for 
the treatment of Fabry disease since 2001 in Europe and since 2003 in the USA. 
Licensed ERT treatments include agalsidase alfa (Replagal™, Shire Human Genetic 
Therapies/Takeda Pharmaceuticals Europe Ltd., London, UK), agalsidase beta 
(Fabrazyme™, Sanofi Genzyme, Cambridge, MA), and agalsidase beta biosimilar 
(Fabagal™, Isu-Abxis, South Korea). Agalsidase beta is licensed in both the USA 
and Europe, while agalsidase alfa is not licensed in the USA. Fabagal is approved in 
South Korea [22]. Agalsidase alfa is produced in a genetically engineered human cell 
line and agalsidase beta is produced in a Chinese hamster ovary cell line [38].

4. Efficacy of ERT

In a 20-week multicenter, randomized, placebo-controlled, double-blind phase 
3 clinical trial of 58 patients who were at least 16 years old and had enzymatically 
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confirmed classic Fabry disease, agalsidase beta at 1 mg/kg/2 weeks cleared micro-
vascular endothelial deposits of Gb3 from the kidneys, heart, and skin, reversing 
the chief clinical manifestation of this disease [39].

Further investigation was performed to analyze the pre- and post-treatment 
renal biopsies from these Fabry disease patients and the authors found that after 
11 months of ERT, complete clearance of glycolipid storage was noted from the 
endothelium of all vasculature, the mesangial cells of the glomerulus, and intersti-
tial cells of the cortex, while moderate clearance was noted from the smooth muscle 
cells of arterioles and small arteries [40]. Limited clearance of glycolipid storage 
was also observed from podocytes and distal tubular epithelium [40].

An open-label, phase 3 extension study was conducted involving these 58 
patients who completed the 20-week study and were transitioned to an exten-
sion trial to receive agalsidase beta biweekly at 1 mg/kg for up to an additional 
54 months [41]. Authors reported by month 54 all assessable patients maintained 
clearance of glycolipid storage clearance from multiple renal cell types, including 
renal capillary endothelial cells, mesangial cells, and noncapillary endothelial cells. 
Sustained clearance of skin and heart capillary endothelium was also demon-
strated by month 54. Mean plasma Gb3 levels remained controlled in the normal 
range and kidney function remained stable in patients with data available. This 
study suggested baseline proteinuria (>1 g/24 h), >50% glomerulosclerosis, and 
age > 40 years at treatment baseline as important factors that limited renal response 
to therapy [41].

Furthermore, a study was conducted to investigate the long-term outcomes in 
52 of these 58 patients including severe clinical events, renal function, and cardiac 
structure following treatment with agalsidase beta (1 mg/kg/2 weeks) over a 
10-year median follow-up period. Authors reported that 81% of patients (42/52) 
did not experience any severe clinical event during the treatment interval and 94% 
(49/52) were alive at the end of the study period [17]. Mean slopes for eGFR for 
low renal involvement and high renal involvement were −1.89 mL/min/1.73 m2/
year and −6.82 mL/min/1.73 m2/year, respectively [17]. Patients with low renal 
involvement started therapy 13 years younger than those with high renal involve-
ment. This 10-year study documented the effectiveness of agalsidase beta (1 mg/
kg/2 weeks) in patients with Fabry disease and suggested patients who initiated 
treatment at a younger age and with less kidney involvement benefited the most 
from therapy [17].

In addition, a recent meta-analysis with the evidence base including four Sanofi 
Genzyme studies and six studies from a systematic literature review suggested 
that treated (agalsidase beta) patients experienced a slower median eGFR decrease 
[2.46 mL/min/1.73 m2/year slower; 95% confidence interval (CI) 0.63–4.29; P ¼ 
0.0087] than comparable untreated patients [22].

5. Initiation of ERT

Initiation of ERT requires a fully confirmed diagnosis of Fabry disease [19]. The 
patient/patient’s family should be included in the decision-making process and 
should have a good understanding of the impact of the treatment as well as poten-
tial adverse reactions. The initiation of lifelong ERT infusion therapy is a major 
decision with important implications for both the patient, particularly the pediatric 
patient, and the family [42]. Treatment and follow-up assessments should ideally 
be led by a physician who is experienced in the management of patients with Fabry 
disease, with support from a multidisciplinary clinical team including nephrology, 
cardiology, medical genetics, neurology, psychology, and nursing [19].
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5.1 Adult Fabry patients

As indicated in the clinical studies above, early initiation of ERT seemed associ-
ated with more clinical benefits. For adult patients, in our practice, we follow the 
expert guideline from an international panel of Fabry disease experts from multiple 
subspecialties published in 2018 [19] and outlined below:

• For all adult male patients with GLA variants consistent with classic Fabry 
disease, ERT should be initiated regardless of Fabry symptoms [19].

• For adult symptomatic female patients with GLA variants consistent with clas-
sic Fabry disease and clinical signs/symptoms suggesting major organ involve-
ment, initiation of ERT should be considered. The signs/symptoms include 
proteinuria/albuminuria not attributable to other causes, evidence of renal 
impairment (may require renal biopsy if isolated); stroke or TIA; neuropathic 
pain, pain crises, Fabry disease neuropathy; symptomatic cardiac disease not 
due to other causes (dyspnea, palpitations, syncope, chest pain); exercise 
intolerance and impaired sweating; recurrent diarrhea, chronic, disabling GI 
dysfunction (excluding alternative causes) [19].

• For adult, asymptomatic female patients with GLA variants consistent with 
classic Fabry disease with laboratory, histological, or imaging evidence of 
injury to the kidney, heart, or the CNS, ERT should be also considered. The 
evidence includes decreased GFR (< 90 mL/min/1.73 m [2] adjusted for 
age > 40 years), persistent albuminuria >30 mg/g, renal biopsy proved podo-
cyte foot process effacement or glomerulosclerosis, moderate or severe Gb3 
inclusions in a range of renal cell types; silent strokes, cerebral white matter 
lesions on brain MRI; asymptomatic cardiac disease including cardiomyopa-
thy, arrhythmia, or cardiac fibrosis on contrast cardiac MRI. Predominant 
expression of the mutant GLA allele is generally associated with rapid disease 
progression, requiring closer monitoring and early therapeutic intervention. 
If a skewed X-chromosome inactivation pattern with predominant expression 
of the mutant GLA allele has been demonstrated in the presence of signs and 
symptoms of disease, experts suggested ERT should also be considered [19].

• For adult male and female patients with GLA variants consistent with later-
onset Fabry disease or missense GLA variants of unknown significance (VUS), 
experts suggest ERT should be considered and is appropriate if there is a 
laboratory, histological, or imaging evidence of injury to the kidney, heart, 
or the CNS attributable to Fabry disease, even in the absence of typical Fabry 
symptoms. The interpretation of the pathogenicity of any VUS should involve 
an expert in genetics and management of Fabry disease. Individuals with well-
characterized benign GLA polymorphisms should not be treated with ERT 
[19]. For patients without Fabry disease-related tissue pathology or clinical 
symptoms, particularly heterozygous female patients, some experts suggested 
a “wait and watch” approach to monitor patients regularly by a multidisci-
plinary care team [19].

5.2 Pediatric Fabry patients

In the pediatric population, renal damage is typically subclinical and identifi-
able only through biopsy. In young patients with Fabry disease, timely initiation 
of ERT is important because some early pathological changes are potentially 
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reversible by ERT [42, 43]. As discussed above, the 10-year study of the effective-
ness of agalsidase beta in patients with classic Fabry disease has demonstrated that 
adults who initiated treatment at a younger age and with less renal involvement 
benefited more from therapy [17, 42]. Therefore, early diagnosis of patients with 
Fabry disease is vital for appropriate management and monitoring. In our prac-
tice, we follow the consensus guideline developed by specialists from the United 
States with expertise in Fabry disease about the management and treatment of 
children with Fabry disease [42], which has considerable overlap but also some 
differences compared to the recommendations by the European Fabry Working 
Group [44].

• For symptomatic boys and girls, the experts in the United States recommended 
treatment with ERT should be considered and is appropriate if Fabry symp-
toms are present at any age [42]. Symptomatic girls and boys should be treated 
and managed in the same way, with the goal of decreasing symptomatology 
and reducing the risk of disease progression [42]. These recommendations are 
similar to those by the European Fabry Working Group [44]. Girls with Fabry 
disease commonly develop nonspecific early symptoms, such as abdominal 
pain, diarrhea, and neuropathic pain, around the age of 9–10 years [42, 45]. 
These symptoms should be considered adequate evidence of progressive 
disease to recommend the initiation of ERT [42].

• For asymptomatic boys with GLA variants consistent with classic Fabry 
disease, experts in the United States recommend the timing of ERT depending 
on the individual case, carefully balancing the risks and benefits of therapy. 
Clinicians should have a serious discussion with the family to consider initia-
tion of ERT by age 8–10 years [42]. This consensus recommendation was 
reached based on data from renal biopsy studies and responses to ERT that 
noted the greater difficulty in initiating infusions in children younger than this 
age [42]. These United States consensus recommendations do not concur with 
the European Fabry Working Group recommendations for treatment initiation 
at 16 years [42, 44].

• For asymptomatic girls and asymptomatic boys with late-onset variants or 
VUS, the decision to defer ERT should be based on comprehensive longitudinal 
monitoring for the development of clinical symptoms and signs of disease. The 
family history of the female patients should also be considered [42].

5.3 Dosing and duration of therapy

As mentioned above, the two widely used forms of ERT for Fabry disease are 
agalsidase alfa and agalsidase beta and there have not been any trials comparing 
these formulations to one another [46].

The formulations of agalsidase alfa and agalsidase beta are structurally very 
similar to one another [47–49], however, they are not dosed the same. Agalsidase 
alfa is dosed at 0.2 mg/kg every other week [50],while agalsidase beta is dosed at 
1.0 mg/kg every other week [51]. For patients who weigh less than 30 kg, the infu-
sion rate of agalsidase beta should not exceed 15 mg/hr.

There are no clinical trials to determine the duration of ERT [52] in patients 
that meet the criteria to be treated, however, treatment is generally continued until 
a reason for stopping therapy arises. The most agreed-upon reasons for stopping 
therapy are noncompliance with infusions, failure to attend regular follow up visits, 
end-stage Fabry disease or other co-morbidities leading to a life expectancy of 
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<1 year, lack of response for 1 year when the sole indication for ERT is neuropathic 
pain while receiving maximum supportive care, or persistent life-threatening or 
severe reactions that do not respond to prophylaxis and patient request [44].

The Fabry registry website includes a detailed table resource that can be used 
as a visual to guide a prescriber on what lab values, imaging, and other studies 
should be monitored, specifically in the pediatric population. This can be found 
in the Fabry Registry section entitled “Fabry Registry Recommended Schedule of 
Assessments.” The page can be found using the following web address:

https://www.fabrydisease.org/images/ReferencePDFs/fabry-registry-schedule-
of-assessments.pdf

5.4 Side effects and what to monitor in patients receiving ERT

The side effects of ERT that were mentioned in the early trials included side 
effects that are common with infusions including fevers and rigors. These infusion-
associated reactions are often treated prophylactically with antihistamines, 
acetaminophen, and pre-infusion steroids sometimes becoming necessary. It is not 
uncommon that lengthening of infusion times becomes necessary because of these 
reactions [39, 50]. There have been reported life-threatening infusion-associated 
reactions, although those are rare [53].

Expert recommendations have been used to determine potential scheduled 
assessment and monitoring. The patient will undergo the most amount of testing 
upon initial evaluation including a full medical history (including family history, 
physical examination, vital signs, and quality of life), basic metabolic panel, urine 
protein excretion, lipid panels, and other measures for cardiac, cerebrovascular, 
neurological, ENT, pulmonary, and ophthalmological assessments. Plasma samples 
for Gb3 testing should be drawn prior to the first infusion, then every 3 months 
for the first 18 months of treatment, then every 6 months thereafter. It is reason-
able to do a monitoring of serum chemistries and a complete blood count every 
6–12 months in all patients. In patients with kidney disease, consider monitoring 
urinary protein excretion every 3 months. All patients regardless of renal involve-
ment should have annual urinary protein measurement. A baseline kidney biopsy 
can serve as a potential marker to assess disease progression if the patient experi-
ences deterioration of his/her condition and a repeat biopsy is warranted [19].

The formation of neutralizing antidrug antibodies (ADAs) is not uncommon in 
patients with Fabry disease receiving ERT [50, 54, 55]. These antibodies are associ-
ated with increased accumulation of plasma globotriaosylceramide and disease 
progression [56]. An open cohort study showed ADA titers decreased significantly 
in all patients with Fabry disease during ERT infusion and that a not saturated ADA 
status during infusion is associated with progressive loss of eGFR and ongoing car-
diac hypertrophy. Dose escalation can result in saturation of ADAs and decreasing 
Gb3 levels but may lead to increased ADA titers [56]. Immunosuppression may be 
considered should ADAs develop but it is not clear how much long-term protection 
it can offer. Serum samples for IgG antibody testing should be drawn prior to the 
first infusion, then every 3 months for the first 18 months of treatment, then every 
6 months until two consecutive negative results are confirmed.

5.5 Creating a protocol in the infusion center

Patients with Fabry disease need ERT infusions every other week. The information 
needed for drug administration often comes from the manufacturer. The information 
we supply here is for agalsidase beta and serves as an example of what kind of resources 
would be needed to create a protocol and provide this medication at an infusion center.
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Agalsidase beta comes in 5 mg and 35 mg vials that are initially injected with 
sterile water to create a colorless solution. This solution is then further diluted with 
0.9% sodium chloride that is diluted to a higher volume, which is supplied by the 
manufacturer. Once the diluted solution is created, it is recommended that it be 
used immediately. If that is not possible, the solution can be stored for 24 h at a tem-
perature of 2–8°C. The initial infusion rate of the solution should be no more than 
15 mg/h and this can be slowed down further for infusion-associated reactions. For 
patients that weigh >30 kg and after the infusion is well-tolerated, the infusion rate 
can be increased by 3–5 mg/h with each infusion. The minimal infusion time for 
patients >30 kg should be 1.5 h.

Antipyretics are recommended to be administered prior to the enzymatic 
infusion. If a patient experiences an infusion-associated reaction, options include 
decreasing the infusion rate, temporarily stopping the infusion, and/or administer-
ing additional antipyretics, antihistamines, and/or steroids if needed. Prophylactic 
antihistamines and/or steroids can be considered in patients who experience 
infusion-related reactions. Life-threatening anaphylactic reactions can occur 
and require immediate discontinuation of the infusion as well as a center that is 
equipped with appropriate medical support measures and the capability to handle 
such scenarios.

5.6 Cost

ERT is expensive. The estimated retail cost of therapy with Fabrazyme for 1 year 
is approximately USD 300,000 in the United States and Europe.

6. Summary

In short, Fabry disease is a multi-systemic disease associated with a high burden 
of morbidity and mortality.

The clinical outcome of patients with Fabry disease has drastically changed 
with the introduction of ERT. Timely initiation of ERT and regular assessments of 
disease progression by a multidisciplinary care team are critical for the long-term 
management of patients with Fabry disease.
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Chapter 8

Prognostic Value of Serum 
Parathyroid Hormone in Patients 
with End-Stage Renal Disease
Raid D. Hashim

Abstract

End-stage renal disease (ESRD) is a clinical condition related to prolonged 
and irreversible loss of renal function. In addition to many others, it is associated 
with various disorders of calcium, magnesium and phosphorus metabolism which 
usually appears early in the course of the condition. Secondary hyperparathyroid-
ism is a characteristic finding in patients with ESRD secondary to the previously 
mentioned metabolic abnormalities. The associated increase in plasma level of 
parathyroid hormone (PTH) has been correlated to many complications that 
accompany ESRD. These conditions might represent the major cause of mortality in 
certain circumstances. In light of this suggested impact of plasma level of PTH on 
many complications that are usually present in patients with ESRD, it might be of 
great benefit to regularly test this hormone in such patients.

Keywords: parathyroid hormone, end-stage-renal- disease, hypocalcemia, 
hyperphosphatemia, hemodialysis

1. Introduction

Calcium is one of the essential minerals in the human body being enrolled in  
various metabolic functions. About 99% of the total body’s calcium is present  
in bone, but the remaining fraction that is present in plasma or the intracellular com-
partment has a vital role in muscular contraction, normal blood coagulation system, 
cardiac muscle contractility and rhythm in addition to many other vital functions. 
Calcium homeostasis requires integration among various organs within the human 
body such as parathyroid glands, intestine and kidneys. In other words, normal con-
centration of plasma parathyroid hormone, intact absorptive function of the intes-
tine, proper activation of vitamin D and normal renal re-absorptive and excretory 
function are all essential to maintain plasma calcium level within the reference range. 
In patients with chronic kidney disease (CKD), specifically those with advanced 
stage, there will be an associated progressive impairment of vitamin D activation due 
to progressive loss of nephrons. This will lead to significant malabsorption of calcium 
by the intestine with consequent hypocalcemia. This hypocalcemia, in addition to 
other factors, represents a major stimulus on parathyroid hormone (PTH) secretion 
by one of two mechanisms that are dependent on the duration of hypocalcemia. 
In the short term, hypocalcemia will stimulate PTH secretion via G-protein while 
prolonged hypocalcemia is associated with altered stability of m-RNA-encoding 
PTH. The pathophysiology of hypocalcemia in patients with chronic kidney disease 
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is related to two main factors. First, the precipitation of calcium on various body 
tissues after being complexed with plasma phosphorus that is present in higher 
concentrations. Second, impaired absorption of calcium at the intestine secondary 
to the deficient active form of the vitamin (1,25 (OH)2 vitamin D) due to improper 
activation of vitamin D by the renal cortex. Because of the prolonged stimulation of 
parathyroid glands by the persistent hypocalcemia in patients with chronic kidney 
disease, secondary hyperparathyroidism will be an expected associated finding in 
such patients. So, secondary hyperparathyroidism will ensue with a consequent 
increase in plasma level of PTH. This condition is commonly encountered in patients 
with chronic kidney disease especially with advanced stages and has been proposed 
to be correlated with certain complications commonly seen in such patients includ-
ing cardiovascular diseases and renal osteodystrophy. For this reason, the prognostic 
value of PTH in patients with chronic kidney disease has received great emphasis.

2. Secondary hyperparathyroidism

Next to vitamin D deficiency, chronic kidney disease is known to be the second 
most common cause of secondary hyperparathyroidism. The prevalence of sec-
ondary hyperparathyroidism in such patients is strongly correlated with the stage 
of CKD. In other words, plasma PTH concentration is negatively correlated with 
glomerular filtration rate (GFR) in patients with CKD. Around 80% of patients 
with GFR of less than 20 mL/min/1.73 m2 has an increased level of PTH [1]. At 
the early stages of CKD, the major stimulus of the parathyroid glands is the hyper-
phosphatemia caused by impaired renal excretion of phosphorus in addition to 
impaired activation of vitamin D. Prolonged exposure to hyperphosphatemia and 
development of hypocalcemia in concurrence with high levels of fibroblast growth 
factor (FGF)-23 will lead to overproduction of PTH where hyperplasia of the 
parathyroid tissue ensues with persistent exposure to these metabolic abnormali-
ties [2]. FGF-23 plays an indirect role in regulating the synthesis and secretion of 
PTH for being involved in regulating renal excretion of phosphate in addition to 
renal production of activated vitamin D. Furthermore, increasing studies suggest a 
direct role of FGF-23 in suppressing PTH synthesis and secretion through a direct 
action on the parathyroid glands. This inhibitory effect is significantly impaired in 
patients with CKD [3]. Persistent overstimulation of parathyroid glands is associ-
ated with hyperplasia that is categorized into 4 types which are diffuse hyperplasia, 
diffuse and multinodular hyperplasia, multinodular hyperplasia, and simple 
nodular hyperplasia [4]. Various clinical consequences are characteristic of second-
ary hyperparathyroidism including bone and soft tissue, skin and cardiovascular 
manifestations. Extraosseous calcification is the main pathophysiology of many 
clinical manifestations as it involves arterial walls, cutaneous tissue, viscera and 
even cornea and conjunctiva. This calcification is also correlated with the increased 
mortality rate in patients with CKD as it might involve myocardium and endocar-
dium and the arterial walls of the aorta and coronary arteries leading to significant 
ventricular dysfunction, heart failure, ischemia, arrhythmia and death [5]. This 
might explain the increasing emphasis by many authors on serial measurement of 
plasma PTH in patients with CKD as a part of management.

3. Parathyroid hormone

Parathyroid hormone is an amino acid hormone composed of 84 amino acids, 
synthesized in the parathyroid glands. It is initially synthesized as pre-pro-PTH 
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with 115 amino acids that is converted into pro-PTH with 90 amino acids. The latter 
will be cleaved to form the active form of PTH. The response of parathyroid glands 
to hypocalcemia by secreting PTH is so powerful. This response occurs within sec-
onds of hypocalcemia in an attempt to rapidly restore normal plasma calcium levels. 
In addition to de novo synthesis, PTH is stored in secretory granules within the 
parathyroid glands and both represent the sources of circulatory PTH. The stored 
PTH within the parathyroid glands explains the rapid release of PTH from the 
parathyroid glands in response to short term hypocalcemia while prolonged hypo-
calcemia stimulates synthesis and release of PTH by parathyroid glands [6]. The 
estimated half-life of PTH is only a few minutes after which it is rapidly eliminated 
from circulation by the liver and kidneys [7]. The direct action of PTH involves 
three main organs; bone, kidneys and small intestine. In respect of its effect on 
the bones, PTH plays a vital role in releasing calcium to the circulation indirectly 
through the activation of osteoclasts (bone resorption). This action is preceded by 
stimulating the differentiation of osteoblasts into osteoclasts. This effect of PTH 
on the bones has a great impact on the rapid correction of plasma calcium levels 
in short-term hypocalcemia. On the kidneys, PTH has multiple functions that are 
essential in maintaining plasma calcium levels. At the distal convoluted tubules 
and collecting ducts, PTH mediates the reabsorption of calcium that has not been 
reabsorbed at the proximal convoluted tubules. Furthermore, PTH enhances the 
elimination of phosphate by decreasing the rate of its reabsorption, an action that 
is indirectly participating in maintaining plasma calcium as less phosphate will be 
available to bind with plasma free calcium [8]. Another vital action of PTH on the 
kidney includes increasing the production of 1 alpha-hydroxylase in the proximal 
convoluted tubules. The final step of activation of vitamin D is catalyzed by this 
enzyme. This active form of vitamin D mediates the absorption of calcium by the 
intestine in both transcellular and paracellular pathways in addition to its role in 
preventing loss of calcium in urine by enhancing its reabsorption at the distal con-
voluted tubules [9]. Currently, PTH is measured using the second generation intact 
PTH assay which has the ability to detect various PTH fragments including full-
length (1–84) PTH and long C-PTH fragments, primarily (7–84) PTH, although the 
differences in the effects of each fragment on various systems in the body are not 
clear yet [10].

4. Correlation of parathyroid hormone and certain medical conditions

The higher incidence of certain medical conditions that have been observed in 
patients with high levels of plasma PTH has raised the suspicion of a possible role 
of PTH in the development of these conditions whether directly or indirectly. The 
indirect action is represented by alteration of plasma calcium concentration in 
form of hypercalcemia or hypocalcemia with their known impact on the function 
of various body organs. The direct action of PTH is related to its ability to bind to 
a G-protein-coupled receptor (PTH1R) leading to its activation with subsequent 
downstream activation of adenylyl cyclase and protein kinase A pathway or 
phospholipase C/protein kinase C (PKC) pathway according to the target organ 
[11]. This sequence of events when occurs within the cardiomyocytes will trigger 
further steps that end with excessive growth of cardiomyocytes and left ventricular 
hypertrophy [12]. The prevalence of hypertension in patients with primary hyper-
parathyroidism is extremely high reaching 40–60% [13]. Various mechanisms have 
been suggested for this correlation such as activation protein kinase C, exagger-
ated cardiovascular reactivity to norepinephrine, amplified effects of the renin-
angiotensin system and many others [14]. Furthermore, altered glucose metabolism 
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and even diabetes have been reported in patients with high plasma PTH concentra-
tion due to inhibition of insulin signaling in adipocytes via adenylate cyclase and 
phosphorylation of IRS-1 on serine 307 [15]. Approximately 8–22% of patients 
with primary hyperparathyroidism have type 2 diabetes mellitus and around 1% 
of patients with type 2 diabetes have primary hyperparathyroidism [16]. Although 
rare, acute pancreatitis has been as an initial presentation in patients with high 
plasma PTH levels due to a parathyroid gland tumor [17]. PTH has been correlated 
with metabolic syndrome, hyperlipidemia and coronary artery disease by many 
clinical studies [18–20]. For all this evidence, estimation of plasma PTH concentra-
tion should be a central step in the plan of management of many critical and highly 
prevalent medical conditions.

5. Plasma PTH level in patients with CKD

CKD is defined as progressive irreversible loss of renal function with associ-
ated metabolic disorders secondary to parenchymal renal damage. The severity of 
metabolic disorders associated with CKD is inversely related to glomerular filtration 
rate (GFR). Secondary hyperparathyroidism is an expected finding in patients with 
CKD caused by various factors related to impaired renal function including hyper-
phosphatemia, hypocalcemia and low levels of activated vitamin D. Consequently, 
persistently high levels of plasma PTH is an expected finding in patients with CKD. 
An important question is to determine whether this increase in PTH is considered 
an adaptive response or an exaggerated one. This has influenced some authors to 
calculate GFR-specific cutoff for PTH to differentiate between the two possibilities 
before considering PTH as a prognostic marker [21]. The major impact of PTH in 
patients with CKD is on bone metabolism and it is considered as the main cause for 
the development of mineral bone disease in such patients. Plasma PTH increases 
progressively at the early stages of CKD in an attempt to correct hyperphospha-
temia. It is estimated that around 20% of patients with CKD have increased PTH 
concentration at GFR of more than 60 mL/min/1.73 m2 compared to 40% at Stage 3, 
70% at Stage 4, and > 80% at Stage 5 [22]. The role of PTH as a prognostic marker 
in patients with CKD was thoroughly studied and numerous studies have confirmed 
this role. For this reason, the National Kidney Foundation’s Kidney disease out-
comes Quality Initiative (KDOQI) clinical practice guidelines recommend routine 
measurement of plasma PTH early in the course of CKD [23]. Furthermore, Kidney 
Disease Improving Global Outcomes (KDIGO) has recommended that PTH should 
be routinely checked in patients with CKD at stages 3–5 [24].

5.1 Prognostic value of plasma PTH in patients with CKD

Many deleterious consequences are known to be correlated with increased 
plasma PTH in patients with CKD including progressive deterioration of renal 
function, anemia, impaired response to erythropoietin in addition to many other 
medical conditions. The cardiovascular mortality rate is significantly increased 
even before reaching stage 5 [25]. This explains PTH being considered as a uremic 
toxin due to its extraskeletal effects [26]. These effects are thought to be related to 
the increase in intracellular calcium in various cells, apart from smooth muscle cells, 
secondary to a decreased efflux and an increased influx of calcium into the cells. 
Since the leading cause of death in patients with CKD is cardiovascular disease, 
the correlation between plasma PTH and cardiovascular disease in such patients 
has been reviewed thoroughly and it is worthy to start with this correlation when 
discussing the prognostic value of PTH in patients with CKD.
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5.2 PTH and cardiovascular disease

It is well known that patients with end-stage kidney disease have an increased risk 
of cardiovascular disease of 5–10 times higher than the general population making it 
a challenge because it represents the major cause of death in such group of patients 
knowing that CKD represents a relatively highly prevalent medical condition where, 
in the USA, more than 50% of patients aged over 65 years have CKD [27]. The corre-
lation between plasma PTH and the risk of all-cause and cardiovascular mortality has 
been confirmed when this risk was greatly reduced by parathyroidectomy. Various 
mechanisms have been implicated to explain this correlation. For example, cardiac 
sympathetic overdrive in addition to impaired vagal control in late stages of CKD was 
associated with arrhythmia which is responsible for sudden cardiac death in patients 
with CKD especially those on hemodialysis [28] which represents two-thirds of the 
total cardiovascular mortality in this group of patients. Altered cardiac autonomic 
modulation presented as decreased heart rate variability (obtained using 24-h Holter 
examinations) has been reported in patients with CKD and has been considered 
as a mortality risk predictor [29] where high plasma PTH was significantly cor-
related with decreased heart rate variability in patients with CKD on hemodialysis. 
Interaction between PTH and phosphorus, vitamin D and FGF-23 has been impli-
cated in the development of this correlation [30]. Left ventricular cardiomyopathy 
represents the most frequent cardiac abnormality in patients on dialysis where left 
ventricular hypertrophy (LVH) is present in 60–75% of patients before initiating 
dialysis and up to 90% have LVH after dialysis. Although the pathophysiology of 
CKD-related cardiomyopathy is multifactorial, high plasma PTH is considered to 
have the main role in the development of this condition although other factors have 
been recently implicated including FGF-23 [31]. The findings during the histopatho-
logical study of post-mortem cardiac tissue were an increase in diameter of cardio-
myocytes, reduced density of capillary length and an increase in interstitial volume 
[32]. Furthermore, diffused interstitial fibrosis has been observed in cardiac tissue 
in advanced cases of CKD and has been partially linked to PTH among other factors 
[33]. Many clues are present about the vascular effect of PTH and its association 
with hypertension and stroke. In respect to the correlation of PTH and hypertension 
in patients with CKD, elevated blood pressure has been normalized in patients on 
hemodialysis when treated with parathyroidectomy [34, 35] or etelcalcetide [36]. On 
the other hand, certain studies have revealed a strong predictive value of PTH and 
ischemic stroke especially in the presence of 25 (OH)D. The latter seems to have the 
highest predictive value even when compared to hypertension and high PTH [37]. In 
addition, increasing attempts are present to determine a reliable biomarker that can 
detect patients with CKD who have a higher risk of cardiovascular mortality. So, in 
addition to the conventional biomarkers, PTH and phosphorus, newer ones such as 
FGF23, Klotho, and sclerostin might have a slightly better prognostic value. In respect 
to FGF23, it is thought to represent a biomarker of the bone-heart axis as it might be 
a link between bone metabolism and cardiac function [38]. A higher concentration 
of circulating FGF-23 has been correlated with an increased risk of cardiovascular 
disease in patients with CKD where LVH and heart failure were significantly higher 
[39]. Various clinical studies have suggested that a progressive increase of circulating 
FGF-23 in patients with CKD was associated with a significant increase in all-cause 
mortality [40, 41]. Similarly, soluble klotho, co-receptor for FGF-23, has been inves-
tigated for its correlation with morbidity and mortality in patients with CKD. It has 
been shown that the prevalence of cardiovascular events was much higher in patients 
with low klotho concentration irrespective of other predictors of cardiovascular 
disease in patients with CKD [42]. Furthermore, low serum klotho has been associ-
ated with higher all-cause mortality even after adjustment of other confounders [43].
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It is worthy to mention that even in the presence of normal renal function, high 
plasma PTH levels are associated with increased risk of coronary artery disease and 
heart failure [44] but this correlation requires further studies as certain authors 
have not confirmed it.

5.3 PTH and anemia

Anemia is a highly prevalent finding in patients with CKD and is considered as 
a sign of poor prognosis as it is associated with increased cardiovascular disease, 
hospitalization and mortality. Up to 100% of patients with stage 5 KCD have 
anemia. It is of a different pathophysiological basis although erythropoietin defi-
ciency is the most recognized underlying cause. Other causes include resistance 
to erythropoietin, bone marrow fibrosis and shortened life span of red blood cells 
[45]. Secondary hyperparathyroidism and the associating high PTH level have been 
linked to these suggested causes of anemia. Bone marrow fibrosis has been detected 
in both primary and secondary hyperparathyroidism with consequent anemia which 
is significantly improved after parathyroidectomy making the correlation of bone 
marrow fibrosis and secondary hyperparathyroidism highly suggestive [46, 47]. 
Fortunately, bone marrow fibrosis has been reversed after parathyroidectomy. The 
direct inhibitory effect of PTH on erythropoietin synthesis has been confirmed 
by many authors when plasma concentration of erythropoietin increased signifi-
cantly after parathyroidectomy reaching to 10-folds higher than its preoperative 
concentration within 2 weeks or even less; the molecular pathophysiology of this 
inhibitory effect is not yet known [48, 49]. Shortened lifespan of red blood cells has 
been observed in patients with CKD as a cause of anemia and it was linked to the 
high plasma PTH due to its role in increasing median osmotic fragility of red blood 
cells with consequent anemia [50]. Cinacalcet hydrochloride, a calcimimetic drug, 
which is used as a medical treatment of secondary hyperparathyroidism has been 
associated with improvement in hemoglobin level and necessitating fewer doses of 
erythropoiesis-stimulating agents to correct anemia [51, 52]. Similarly, patients with 
CKD and secondary hyperparathyroidism treated with the active form of vitamin 
D (calcitriol) have shown a similar response to that of cinacalcet with improved 
hemoglobin level and less doses of erythropoietin required to control anemia [53].

5.4 PTH and mortality rate in patients with CKD

The triad of altered calcium and phosphorus metabolism and high plasma PTH 
level represents one of the major challenges during the management of patients 
with CKD due to their adjuvant harmful consequences on various body tissues and 
their correlation to the high mortality rate commonly observed in patients with 
CKD with the leading cause being the cardiovascular disease. These disorders of 
metabolism are associated with accelerated vascular calcification involving various 
arteries including coronary arteries. Both hypercalcemia and hyperphosphatemia 
that are present in patients with prolonged secondary hyperparathyroidism seen in 
patients with CKD are associated with medial calcification. Furthermore, skin and 
soft tissue necrosis and ulceration, known as uremic arteriolopathy or calciphylaxis, 
is an uncommon serious complication of secondary hyperparathyroidism and has 
an eight-fold increase in mortality [54]. Many studies have suggested PTH as an 
independent risk factor for renal death in patients with CKD whether on renal 
replacement therapy or not [55, 56]. The severity of increase of PTH prior to hemo-
dialysis has been shown to predict more difficulty in decreasing PTH afterwards 
[57]. It is of great importance to notify that a low or even normal concentration of 
PTH is thought to be associated with poor prognosis as well. KDIGO recommend 
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plasma concentration of PTH to be 2–9 times the upper normal limit [57]. A gradual 
decrease of PTH to the target level has been associated with a significant decrease in 
mortality rate. Patients with concomitant high plasma concentrations of PTH and 
phosphorus have shown a higher risk of mortality [58]. The residual renal func-
tion seems to be a determinant factor for the risk of mortality in patients with high 
plasma PTH. Many clinicians are attracted to normalize PTH using various modali-
ties including vitamin D, phosphate binders and calcimimetics but their benefit 
in reducing the mortality rate is questioned depending on various clinical studies 
that failed to confirm an association between the improvement in biochemical and 
hematological parameters and reduction of the risk of mortality rate suggesting 
more precautions for the use of these modalities in an attempt to reduce the risk of 
renal death [59]. In contrast, a recent meta-analysis study enrolling around 25000 
patients has suggested a significant beneficial effect of parathyroidectomy in reduc-
ing mortality rate explained by controlling blood pressure and improvement of left 
ventricular hypertrophy [60].

All these findings highlight the importance of plasma PTH in the management 
of patients with CKD making it a cornerstone in the course of the illness as it affects 
various tissues and organs in the body in addition to its confirmed correlation with 
the risk of mortality in such patients.

© 2021 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms 
of the Creative Commons Attribution License (http://creativecommons.org/licenses/
by/3.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited. 
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Chapter 9

Cardiorenal Syndrome in Patients 
on Renal Replacement Therapy
Evgeny Shutov and Natalia Filatova

Abstract

In this chapter authors discusses cardiorenal relationships in patients with renal 
replacement therapy (RRT) which are considered as a separate type of cardiorenal 
syndrome (CRS). Frequency and severity of CRS in patients on dialysis are cor-
related with quantity of years of the dialysis treatment; depend on quality of dialysis 
regimen and level of residual renal function. RRT-associated cardiac pathology are 
including left ventricular hypertrophy, ischemic cardiomyopathy, congestive heart 
failure, coronary atherosclerosis and calcinosis, severe arrhythmias. The article 
analyzes role of malnutrition and dialysis-induced cachexia, bio-incompatibility 
of dialysis membranes, oxidative stress and inflammation, arterio-venous fistula, 
decrease of residual renal function in the development of dialysis-induced CRS. 
The review examines the mechanisms of progressive myocardial ischemia induced 
by dialysis: myocardial stunning, hemodialysis-induced hypotension, uremic 
small vessel disease. Prevention of dialysis-induced CRS includes a choice of the 
optimal RRT method (peritoneal dialysis or hemodialysis), соntrol of dialysis 
regimen, residual renal function, biocompatibility of membrane, inflammatory 
markers, body mass index, serum level albumin, phosphate, calcium, parathyroid 
hormone, fibroblast growth factor-23. Electrocardiogram, ultrasonic monitoring 
and coronarography reveals indications for соnservative cardioprotective therapy 
and angioplasty interventions, including coronary artery bypass surgery and cardiac 
pacemaker implantation, in patients with dialysis-induced CRS.

Keywords: cardiorenal syndrome, hemodialysis, peritoneal dialysis, residual renal 
function, oxidative stress, malnutrition

1. Introduction

Cardiorenal syndrome (CRS) refers to the “vicious circle” of interrelated 
damage of the heart and kidneys, in which dysfunction of one organ compli-
cates the dysfunction of the other, with gradual development of the cardiorenal 
decompensation.

C. Ronco distinguished 5 clinical types of CRS [1]:

 Type 1: Acute worsening of heart function leading to kidney injury and/or 
dysfunction.
 Type 2: Chronic abnormalities in heart function leading to kidney injury or 
dysfunction. This subtype refers to a more chronic state of kidney disease com-
plicating chronic heart disease, the so-called chronic kidney disease (CKD).
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 Type 3: Acute worsening of kidney function leading to heart injury and/or 
dysfunction (acute heart failure).
 Type 4: Chronic kidney disease causing cardiac overload, leading to progressive 
chronic cardiac dysfunction.
 Type 5: Systemic condition (e.g., sepsis, vasculitis) leading to simultaneous 
injury and/or dysfunction of heart and kidney.

We can see the interplay of decreased glomerular filtration rate and impaired 
cardiac contractile function early in chronic kidney disease (CKD) worsening as 
renal failure increases. However, the existing classification of CRS does not consider 
the population of patients on renal replacement therapy (RRT), where the effect of 
dialysis treatment itself engages additional mechanisms of pathogenesis of cardiac 
pathology. Thus, the progression of cardiac dysfunction with decreasing ejection 
fraction reduces the effectiveness of hemodialysis (HD), while reducing the inten-
sity of dialysis regimen and gradual loss of residual renal function speeds up the 
atherosclerosis and cardiomyopathy progression.

Thus, one can consider the cardiorenal relationships in patients on RRT, reflect-
ing progression and myocardial damage in dialysis patients, as a separate type 
of CRS where the renal component implies end stage renal disease (ESRD) with 
complicating metabolic and endocrine disorders, complete loss of residual renal 
function, and dialysis therapy.

The features of cardiac dysfunction in patients on RRT include its widespread 
prevalence and severity [2]. The incidence of left ventricular myocardial hypertro-
phy (LVH) increases with increasing stage of CKD, reaching 90% in stages 4–5 [3]. 
Prevalence and severity of cardiac pathology, both coronary and non-coronary, 
increases rapidly in the dialysis stage of renal failure, correlating with dialysis 
experience. In 75–80% of patients with CKD stage 5D, secondary cardiomyopathy 
develops predisposing to congestive heart failure (CHF), acute coronary syndrome, 
or complex rhythm and conduction abnormalities. In patients on RRT, progressive 
atherosclerosis is associated with activation of inflammatory reactions and high 
frequency of protein-energy malnutrition (PEM) [4]. Thus, PEM is diagnosed 
in 20–50% of patients with pre-dialysis stages of CKD, increasing to 50–80% in 
patients on regular HD and permanent PD.

The cardiac function in patients on RRT deteriorates progressively under several 
pathogenetic mechanisms. These include bio-incompatibility of dialysis membranes 
and solutions, ineffective dialysis, PEM, dialysis hypotension, rapid decline and 
subsequent complete loss of residual renal function, vascular calcification, excessive 
shunt from arterio-venous hemodialysis fistula (AVF).

2.  Bio-incompatibility of dialysis membranes, activation of oxidative 
stress, and inflammation

CKD in RRT is characterized by higher level of uremia and the impact of dialysis 
procedure itself. Despite the successes of modern hemodialysis therapy, the problem 
of hemodialysis membranes’ bio-incompatibility is still unresolved. A key inducer 
of blood cell activation is dialyzer membrane material, along with the endotoxin 
contamination of dialysis solutions. Membrane contact with blood causes pro-
inflammatory and pro-oxidant stress, thrombosis, and release of oxidative stress 
biomarkers, inflammatory and anti-inflammatory cytokines (IFN-γ, TNF-α, IL -1β, 
IL-4, IL-6, IL-10, IL-12, and IL-18), and acute phase proteins (C-reactive protein, 
fibrinogen) [5]. Other consequences of bio-incompatibility are complement [6] and 
platelet activation [7].
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The oxidative events induced by extracorporeal treatment are thought to affect 
the concomitant pathology. Chronic inflammation, besides cardiovascular dysfunc-
tion, contributes to worsening renal anemia by reducing sensitivity to the erythro-
poietin-stimulating agent and shortening the life span of red blood cells [8, 9]. Also, 
blood leukocyte activation, oxidative stress, and mechanical factors damage the 
red blood cells. Leukocytes in contact with bio-incompatible dialysis membranes 
re-activate. The resultant leukopeniais considered a major cause of defective cellular 
immune response in patients on hemodialysis (HD) [10, 11]. Changes in lympho-
cyte phenotype (from Th1 to Th2) cause this response and excessive synthesis of 
pro-inflammatory cytokines [5]. Bio-incompatible membranes release pyrogens 
and active inflammatory mediators (histamine and bradykinin). These contribute 
to fever and hemodialysis-induced hypotension [12]. The latter is a key factor in 
residual renal function reducing in patients on regular HD [13].

Dialysate composition for peritoneal dialysis (PD) can also cause oxidative 
stress and inflammation [14, 15]. High concentrations of glucose and lactate, and 
low pH or hyperosmolality of dialysate for PD contribute to excessive production 
of reactive oxygen species and accumulation of oxidative damage products in the 
peritoneum, increasing calcification and fibrosis. The relationship between the 
preserved residual renal function and oxidative stress has been shown to correlate 
with cardiovascular risk and survival in patients on PD [14]. Given the longer 
preservation of residual renal function in patients on PD treatment, this method 
can be considered more favorable for patients with cardiovascular diseases (CVD). 
Also, several studies have shown a higher accumulation of oxidants and depletion of 
antioxidant reserves in patients on HD compared with those on PD [15, 16].

The accumulation of oxidative stress products is the highest in patients with 
ESRD. Peroxidizing agents oxidize unsaturated lipids [17–19] and endogenous 
pro-oxidants damage plasma proteins with the formation of glycation products 
[20–22]. Small reactive carbonyls and larger posttranslational uremic-modified 
proteins form many inflammatory mediators, reflecting uremic toxicity that is little 
dependent on the method of dialysis therapy [23]. However, all modern diffusion, 
convective, or mixed methods do not remove medium- and high-molecular-weight 
dissolved substances modified by reactive oxygen species (ROS) and reactive 
carbonyls effectively from blood [24–26].

Oxidative stress plays a key role in the development of cardiac dysfunction in 
patients on RRT. In patients with ESRD, the balance between nitric oxide (NO) and 
ROS is shifted toward the latter by increasing ROS production and decreasing NO 
availability [27]. Pro-inflammatory cytokines such as IL-1β, IL-6, TNF-α can stimu-
late renin synthesis and norepinephrine secretion [28, 29]. IL-6 induces AT-1 recep-
tors and angiotensin II-mediated ROS production in cultured rat smooth muscle 
cells, supporting the link between inflammation, renin-angiotensin-aldosterone 
system (RAAS) activation, and oxidative stress [30]. Volume overload on RRT and 
venous stasis are additional sources of inflammatory mediators [31, 32]. Because of 
intravascular overload, the vascular endothelium may be a major source of cytokine 
production in response to biomechanical stress [33]. Thus, the above data confirms 
the potential role of circulating cellular precursors of ROS and/or local agonists of 
ROS synthesis in the development of CRS in dialysis patients.

C. Vida et al. have shown in dialysis patients the activation of peripheral blood 
polymorphonuclear and mononuclear leukocytes, which leads to excess production 
of oxidative compounds such as reactive oxygen species, and it is this process that 
plays the leading role [34].

The imbalance between the RAAS, sympathetic nervous system, and inflam-
mation speeds up the CRS formation in dialysis patients. To prevent and slow the 
cardiac pathology in HD treatment, highly purified dialysis solutions and synthetic 
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dialysis membranes are being developed to reduce the risk of oxidative stress and 
other manifestations caused by low biocompatibility of membranes. For example, 
dialysis membranes made of regenerated cellulose that interact with the β-D-
glucose hydroxyl groups of blood components cause activation of the complement 
system and leukopenia. To improve the biocompatibility of these membranes, 
hydroxyl groups are modified chemically by acetylation to produce triacetate 
cellulose or addition of D-α-tocopherol polyethylene glycol-1000 succinate chains, 
an esterified form of α-tocopherol. HD and PD in CKD permanently excrete 
antioxidants through the membranes. To normalize their blood levels and suppress 
ROS generation in patients on HD, vitamins C, E, and glutathione are supplemented 
orally [27].

3. Protein and energy deficiency and dialysis cachexia

PEM should be noted among the factors influencing the progression of car-
diovascular pathology and the formation of CRS in patients on dialysis [35, 36]. 
Progressive blood pressure instability with LVH and diastolic dysfunction, acidosis, 
coronary atherosclerosis, as well as increasing hypoalbuminemia and severe anemia 
early lead to ineffective HD and loss of residual renal function. These exacerbate 
hyperhydration with overload and ischemia of myocardial muscle, oxidative stress, 
and heart chamber dilatation.

The causes of PEM in dialysis patients include protein hypercatabolism with 
decreased synthesis of albumin and essential amino acids and their subsequent 
losses (more on PD), L-carnitine deficiency, anorexia with depression, and 
chronic inflammation with hyperproduction of pro-inflammatory cytokines 
[37]. Uremic hyperparathyroidism with deficiency of anabolic hormones 
(insulin, erythropoietin) plays an important role in the PEM development. 
Progression of PEM is fixed by monitoring of anthropometry (BMI, shoulder 
muscle circumference, and triceps skinfold), levels of albumin, lymphocytes, 
TNF-α, transferrin, and CRP.

In the advanced stage of dialysis CRS, PEM progresses to MIA-syndrome 
(Malnutrtion, Inflammation, Atherosclerosis). This is manifested by ischemic 
cardiomyopathy provoking arrhythmias, stenotic atherosclerosis with diffuse 
calcification of arteries and heart valves, and treatment-resistant anemia and 
hypoalbuminemia [38].

Dialysis cachexia in MIA syndrome is formed in BMI under 15 kg/m2 with 
hypoalbuminemia (<30 g/l). Clinically it manifests by severe cardiovascular, 
endocrine, and immune disorders [39]. It is characteristic of the late stage of 
CRS, when dialysis cachexia is aggravated by cachexia of chronic heart failure 
(CHF). The formed CHF aggravates PEM because of acidosis with additional 
hypercatabolism, oxidative stress, impaired absorption syndrome and hypoal-
buminemia, and polypragmasia. These patients have poorly controlled hyper-
tension with recurrent intra-dialysis hypotension, ischemic cardiomyopathy 
with arrhythmias, widespread coronary atherosclerosis and calcinosis, severe 
hyperparathyroidism, and encephalopathy. There is a high risk of dementia and 
infection with outcome in bacterial sepsis. Successful treatment of anorexia, 
hypoalbuminemia, infectious complications, and encephalopathy is possible 
only with a comprehensive correction of depression, immunodeficiency (anti-
cytokines, antibiotics), anemia, amino acid and L-carnitine deficiency, tube 
(parenteral) feeding, and infusion of proteins. In severe cachexia, kidney trans-
plantation is effective.
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4.  Influence of residual kidney function reduction on progression of 
cardiovascular pathology in patients on RRT

Preservation of residual kidney function in dialysis patients improves their sur-
vival and prognosis. For example, Dutch joint NECOSAD study [40] in 740 patients 
on HD showed an increase in residual kidney function (Kt/V by 1 unit) associated 
with a 66% reduction in the relative risk of death. Prospective analysis by W. Van 
der Wal et al., which included 1800 dialysis patients (1191 patients were on HD and 
609 on PD), found a 1.5-fold death risk increase after loss of residual renal function 
compared to patients with preserved residual renal function [41]. Y. Obi et al. found 
that higher and more stable residual renal function (GFR) was associated with 
better patient survival one year after initiation of regular HD. Mortality related 
inversely with residual renal function measured by urea clearance and daily urine 
output [42]. In several other multicenter studies [43, 44] residual function has been 
an independent predictor of survival in patients on PD. The Canadian-American 
Study (CANUSA) [45] showed on 601 patients on PD that residual renal function 
rather than peritoneal creatinine clearance and peritoneal ultrafiltration (UF) 
correlate with patient survival. A study of residual renal function in PD patients 
showed a 36% reduction in the relative risk of death with an increase in daily urine 
output by 250 mL.

Preservation of residual renal function provides better control of hyperhydra-
tion, dyselectrolytemia, inflammatory activity, and clearance of protein-bound low 
molecular weight toxins and medium-molecular-weight molecules. Even a small 
amount of residual function reduces the level of plasma dissolved uremic toxins and 
β2-microglobulin [46–48].

The residual renal function allows to reduce cardiac mortality and progression 
of cardiovascular disease in dialysis patients primarily through better hydration 
control. Both on regular and continuous PD, CKD patients with uncorrected 
hyperhydration are at high risk of developing cardiovascular complications: vol-
ume/sodium-dependent hypertension, left ventricular hypertrophy, arrhythmias, 
and congestive heart failure [49–51]. The expansion of intravascular volume leads 
to elongation of myocardial cells, and eccentric or asymmetrical left ventricular 
remodeling [52].

In patients on intermittent HD, UF causes post-ischemic impairment of 
myocardial contractile function (myocardial stunning) even in the absence of 
angiographically significant coronary disease [53]. Recurrent UF-induced isch-
emia provokes chronic left ventricular dysfunction, a cause of CHF progression 
in patients on HD [54]. Preserved residual renal function in patients on regular 
PD allows to reduce UF volumes during dialysis session, thus reducing risk of 
recurrent myocardial ischemia or systolic pressure drop during the session (hemo-
dialysis-induced hypotension) [54–57]. In patients on PD, maintenance of residual 
renal function and significant diuresis attenuates the damaging effects of dextrose 
on the peritoneal membrane and reduces hyperglycemia and the risk of obesity 
and diabetes.

The residual renal function not only increases survival but also improves 
hormonal, mineral-bone, and nutritional disorders and the quality of life in 
patients on HD and PD, as confirmed by the CHOICE study [58]. Higher quality 
of life in patients with diuresis over 250 ml per day is also associated with a less 
restriction in diet and fluid intake, and better nutritional status [59] and control 
of hyperphosphatemia, renal osteodystrophy, and anemia. The latter depend 
on a renal synthesis of erythropoietin and active forms of vitamin D3 in kidneys 
[60, 61]. Several data have shown an association between the preserved residual 
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renal function and decreased production of inflammatory markers: C-reactive 
protein and interleukin-6 [62, 63].

5.  Ultrafiltration, hemodialysis-induced hypotension and metabolic 
acidosis

In patients with end stage CKD, fluid removal is achieved by extracorporeal 
UF with HD or intracorporeal UF with continuous PD. Unlike intermittent HD, 
continuous PD is not associated with “stunned” myocardium, which largely 
explains the slower progression of CHF in patients treated with PD [64]. However, 
clinical studies showed contradictory results on the benefits of PD. V. Panday et al. 
found in a retrospective analysis of 139 patients with CKD stage 5 and concomitant 
CHF no difference in two-year mortality, cardiac outcomes, and hospitalization 
rates between patients on PD and HD [65]. In a study using the Taiwan National 
Database with over 35,000 patients, I. Wang et al. showed lower survival of ESRD 
patients and comorbid CHF on the PD treatment [66]. However, the findings could 
be related to difficulties in hydration management on PD, complete loss of residual 
renal function, and/or shortcomings and limitations of the analysis performed. In 
a registry analysis in Lombardy, F. Locatelli et al. found no significant difference 
in the magnitude of cardiovascular risk in the groups treated with HD compared 
to that on PD [67]. Recent studies based on the Taiwan National Registry (2016), 
which included over 45,000 patients with end stage CKD, showed the 29% higher 
risk of cardiovascular disease in patients treated with HD compared to those treated 
with PD [68].

The development of intradialysis hypotension on regular HD is caused by 
uremic polyneuropathy and CHF, when, in response to dialysis UF, the vascular 
bed fills inadequately slowly, causing hypovolemia and hypotension. Dialysis CRS 
with hypotension is often complicated by thrombosis of vascular access, resulting 
in rapid formation of underdialysis syndrome with hypercatabolism. Blood loss 
and sinus tachycardia combined with hemodialysis-induced hypotension signifi-
cantly increase the risk of acute coronary syndrome and cerebrovascular accident 
(CVA). Patients with diabetic nephropathy often develop severe hemodialysis-
induced hypotension refractory to conservative therapy. The hypotension can 
provoke target organ ischemia. Vasopressors and alpha-adrenergic agonists are 
not safe in treating hemodialysis-induced hypotension. Controlled UF with “dry 
weight” monitoring by bio-impedance, transfer to PD, or daily (nighttime) HD are 
recommended.

Metabolic acidosis is common in patientswith ESRD because of a decreased 
ability to excrete acids and reduced renal synthesis of bicarbonate. It leads to mal-
nutrition, inflammation, bone disease disorders, and even a higher death risk [69]. 
Significant acid–base variations during dialysis may play an important role in CVD 
development in HD patients. One study [70] has shown an association between low 
serum bicarbonate concentrations and cardiovascular disease in patients on dialy-
sis. It is important to avoid large variations in serum bicarbonate levels in dialysis 
patients because these variations can increase CVD.

6. Stenotic atherosclerosis

MIA syndrome is characterized by rapid stenosing of the major arteries by the 
progressing atherosclerosis combined with calcinosis. Frequent complications are 
ischemic kidney disease with uncontrolled renin-dependent hypertension, stenotic 
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atherosclerosis of cerebral arteries with the risk of CVA, ischemic occlusive enter-
opathy with malabsorption syndrome aggravating PEM and anemia.

In dialysis CRS with the expanded PEM, coronary heart disease (CHD) is 
typical with unstable angina and elevated blood CRP correlating with LDL levels 
[71, 72]. Hyperparathyroidism is associated with progressive coronary artery 
calcification, increasing atherosclerosis [73, 74]. Stenosis of the proximal coro-
nary artery is typical, which causes high mortality in patients on dialysis [75]. 
Early diagnosis of myocardial infarction in dialysis CRS is difficult because of 
confounding uremic polyneuropathy, dyselectrolitemia, myocardial calcification, 
and coronary calcinosis. Coronarography in 60% of patients with CKD stage 5 
admitted for regular HD treatment in Japan reveals low-symptomatic stenosis 
of one coronary artery and of several coronary arteries (multivessel disease) in 
some patients.

To prevent acute coronary syndrome, risk factors should be addressed in HD: 
hemodialysis-induced hypotension, sinus tachycardia, blood loss, and anemia. ACE 
inhibitors reduce the cardiac mortality [76]. Nitrates and beta-blockers are tolerated 
worse in dialysis CRS because of hemodynamic instability.

Hemodialysis-induced myocardial ischemiamight regress with the use of 
beta-blockers, which have substantially improved survival in patients with acute 
coronary syndromes and heart failure. In dialysis patients, carvedilol significantly 
improved cardiovascular mortality, LV function, and LV morphology. Dialysis 
patients treated with carvedilol had a 50% lower mortality rate than patients receiv-
ing placebo [77, 78]. The efficacy of statins on regular HD has not been proven 
conclusively, and the incidence of side effects is higher than in the early stages of 
CKD [79].

Current guidelines by KDIGO recommend not starting lipid-lowering therapy 
in dialysis patients. These recommendations are based on clinical trials which 
failed to show that statin therapy is beneficial in reducing cardiovascular mortality 
indialysis patients, in contrast to the general population [80]. High-density lipo-
protein cholesterol (HDL-C) from HD patients compared to healthy controls has 
been much less effective in cholesterol efflux and regulation of inflammation [81]. 
HDL-C from HD patients promotes endothelial dysfunction via accumulation of 
symmetric dimethylarginine (SDMA), which is associated with increased all-cause 
and cardiovascular mortality [82].

Erythropoietin drugs cannot fully realize their cardioprotective effect because 
of more frequent side effects of the high doses. Survival rate after acute myocardial 
infarction is extremely low at conservative therapy of CHD on hemodialysis (by 
the end of the 1st year, 41%, after 2 years, 27%, after 3 years, 10%). This causes 
intolerance of uremic myocardium to ischemia with small coronary artery remodel-
ing (uremic small vessel disease) and myocardial stunning on HD. In coronary 
angioplasty in patients with dialysis-related CRS, the acute postoperative mortality 
is over 3.5 times higher than the statistical average, and the long-term survival rate 
after stenting is significantly higher than in conservative therapy [83].

7. Progressive CHF with low cardiac output

CHF in patients on HD is manifested by worsening chronic hypervolemia, 
causing both circuits decompensation and a significant decrease in ejection fraction 
preventing effective HD, and development of critical progressive hyponatremia 
with a high risk of cerebral edema. The 3-year survival rate of patients with CHF on 
regular HD does not exceed 20%, and sudden cardiac death is most frequent fatality 
in this group of patients on HD [84].
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The rate of sudden cardiac death is 59 deaths in 1000 patient-years in the CKD 
stage 5D population, whereas it is 1 death in 1000 patient-years in the general popu-
lation [85]. Patients on dialysis have a high incidence of coronary heart disease, 
but the rate of sudden cardiac death is disproportionately high compared with the 
incidence of coronary heart disease in these patients. Even a complete revascular-
ization reduce the risk of sudden cardiac death only in part [86]. Dialysis, especially 
HD, is a risk factor for sudden cardiac death, providing the highest risk within the 
first 12 hours after dialysis and after a long dialysis-free interval [87]. Potential 
mechanisms include volume and sudden electrolyte shifts after dialysis, volume 
overload, and electrolyte disturbance.

These outcomes largely depend not on the severity of CHD, but on the value of 
the corrected QT-interval and QT dispersion and are caused by complex rhythm 
disturbances in dialysis malnutrition (hypercatabolism, acidosis, imbalance of 
potassium, sodium and calcium in dialysis solution, and hypomagnesemia) [88]. 
Cardioprotectors, antiarrhythmics, and vasopressors provide only short-term 
effect; myocardial reperfusion, artificial pacemaker, implanted cardioverter-
defibrillator are more effective [84, 88].

PD may be the method of choice in the treatment of patients with CHF, provid-
ing effective UF and sodium excretion in the required volumes, especially when 
using icodextrin solution. In patients with CRS and severe ascites, PD can reduce 
intra-abdominal pressure. PD in patients with CHF has several advantages: continu-
ous “mild” UF with minimal impact on hemodynamics and reduction of volume 
overload symptoms; weight reduction and correction of hypervolemia; increase 
in left ventricular ejection fraction; sodium “sieving” effect and better control 
of hypernatremia; removal of acute phase proteins, medium-molecular-weight 
molecules, abscence of pro-inflammatory activation of cytokines; reduction of 
intraabdominal pressure and improved quality of life in patients with severe ascites; 
and better control of serum potassium level with the possibility of using aldoste-
rone receptor blockers and ACE inhibitors. Heart transplantation should be used in 
refractory cases, sometimes in combination with the kidney transplantation.

8. Vascular calcification

Hyperparathyroidism, frequent in RRT patients, is prognostically unfavorable 
[89]. Elevation of serum fibroblast growth factor-23 (FGF-23) with the develop-
ment of resistance to it precedes Mineral Bone Disease (MBD). Elevated FGF23 
levels were independently associated with LVH.FGF23 caused LVH via FGF 
receptor-dependent activation of the calcineurin-nuclear factor of activated T-cells 
signaling pathway [90]. Klotho deficiency and FGF23 elevation are associated 
with poor outcomes and complications in dialysispatients. Klotho deficiency cause 
vascular calcification, cardiac fibrosis, and cardiac hypertrophy in patients with 
CKD [91].

Hyperphosphatemia and parathyroid hormone elevation increase with increas-
ing stage of CKD and correlate with cardiac mortality [92]. This is largely because 
of vascular calcification, especially pronounced in dialysis patients, which is associ-
ated with the use of solutions for PD and HD with increased calcium content.

Vascular calcification (VC) is defined as vascular deposition of calcium-
phosphate mineral complexes. Traditionally, two forms of calcification are pointed 
out: 1) intimal calcification in proximity to lipid deposits, clinically relevant in 
obstructive arterial disease and 2) medial calcification with differentiation of 
smooth muscle cells into osteoblast-like cells is akin to bone formation, related to 
several genes as BMP2, Msh Homeobox 2, and gene of alkaline phosphatase [93]. 



133

Cardiorenal Syndrome in Patients on Renal Replacement Therapy
DOI: http://dx.doi.org/10.5772/intechopen.100493

Medial calcification is common in dialysis patients with CKD.VC has a clearrelation-
ship with atherosclerotic vascular disease [94]. Calcification of arterial vessels leads 
to arterial stiffness, contributes to increased pulse wave velocity, increased cardiac 
afterload, and thus heart failure [95]. Arterial stiffness is an independent predic-
tor of cardiovascular mortality [96]. Arterial stiffness and medial calcification 
intensify each other, to create a vicious cycle [97]. Heart valve calcification occurs in 
stage 5 CKD in up to 88–99% of patients, increasing from 40% of patients in CKD 
stage 3 [98].

Calcinosis of heart valves leads to the formation of acquired heart valvular dis-
ease (aggravating CHF) and increases the risk of infective endocarditis. The extent 
of vascular calcifications in CKD herald a poor prognosis [99]. Resulting hemody-
namic alterations induce left ventricular hypertrophy associated with a decrease in 
coronary perfusion [100].

In dialysis CRS, active vitamin D metabolites are contraindicated because of the 
risk of soft tissue calcification (including skin calcification with sepsis). Calcium-
free phosphate binders are advisable: sevelamer, lanthanum carbonate [101]. 
Sevelamer corrects hyperphosphatemia and decreases mortality in dialysis patients 
by 1.5 times, slowing coronary calcification, reducing blood levels of atherogenic 
lipids, FGF-23, and pro-inflammatory cytokines [102]. Iron-containing phosphate 
binders effectively lower blood phosphate levels, but are often complicated by diar-
rhea and nutritional disorders exacerbation in PEM [103]. Total parathyroidectomy 
in patients with dialysis cachexia is effective in MBD and CHF progression but 
carries a risk of acute postoperative complications [104]. An alternative to parathy-
roidectomy is administration of calcimimetics. Prolonged-release cinalcet reduces 
the need for parathyroidectomy, slows arterial and cardiac valve calcification, and 
reduces cardiovascular mortality [105, 106].

9. Immunodeficiency

In dialysis-associated CRS, infection is severe, both induced by thrombosis 
of sclerosed AVF or not associated with vascular access. Pneumonia risk factors 
in dialysis CRS with malnutrition include immune deficiency with activation of 
opportunistic infections and Staphylococcus carrying in the nasopharynx, CHF 
with chronic hyperhydration and hypoxia of lung tissue, hydrothorax, hyperpara-
thyroidism with lung tissue calcification, obstructive night apnea syndrome, and 
epoetin-resistant anemia.

Pathogens of acute pneumonia on dialysis include staphylococcus, oppor-
tunistic bacteria (E. Coli, Haemophylis influenzae, Klebsiella, Pseudomonas, 
Listeria, Legionella), and pathogenic fungi (Aspergillus, Candida, Cryptococcus, 
Mucormyces). In dialysis CRS, the mortality is extremely high from pneumonia 
caused by the association of influenza virus with Staphylococcus aureus [107] 
or superinfection with pneumocysts in MIA syndrome patients infected with 
cytomegalovirus. At the advanced stage of CRS in diabetic patients, purulent 
complications of obliterating atherosclerosis of lower limb arteries and diabetic foot 
typically cause high mortality from gangrene and sepsis. Risk factors for infectious 
endocarditis in dialysis CRS are vascular access infection, calcinosis of valves in 
severe hyperparathyroidism, their myxomatous degeneration, thrombotic deposits, 
or severe anemia [108].

Antibiotic therapy is carried out after removal of the infected fistula with 
the formation of a new AVF or with transfer to PD [109]. Treatment with 
broad-spectrum antibiotics should be started immediately and corrected by 
the blood culture results. Antibiotic therapy is ineffective in CHF, recurrent 
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thromboembolism, fungal endocarditis, tricuspid or pulmonary artery valves 
lesions (frequent in HD patients). In these cases, surgery is necessary to replace 
the affected valve [108].

10. Epoetin-resistant anemia

Anemia in CKD patients induces eccentric LVH and exacerbates myocar-
dial ischemia, increasing cardiovascular mortality in dialysis CRS [110, 111]. 
Erythropoietin drugs improve the quality of life of dialysis patients. However, the 
mortality-reducing effect of erythropoietin in dialysis CRS has not been proven, 
and the most effective and safe target Hb level is not established. The currently 
recommended target Hb level of 10–12 g/dL does not stimulate sufficiently neo-
angiogenesis and endothelial stem cells activity.

Resistant anemia often develops within MIA syndrome (under the influence of 
chronic inflammation, acidosis, iron malabsorption, vit. B12 and folic acid defi-
ciency), as well as because of ineffective HD syndrome and hyperparathyroidism, 
requiring the unusually high doses of erythropoietin. Since this therapy is often 
complicated by poorly controlled hypertension and thrombosis, combined antihy-
pertensive therapy, complete correction of iron deficiency, vit. B12 and metabolic 
acidosis, and control of the coagulation system are indicated [112]. Intensification 
of HD regimen, correction of hyperparathyroidism, influence on chronic inflam-
mation syndrome (anti-cytokine drugs, etc.) are of great importance for overcom-
ing resistance to epoetin. At critically low hemoglobin, blood transfusions can 
be used.

Recently, a new group of drugs has been proposed to treat anemia, the so called 
hypoxia-inducible factor-prolyl hydroxylase inhibitors (HIF-PHIs). HIF-PHIs 
promote erythropoiesis primarily through increased endogenous EPO production 
and modulation of iron metabolism. The results of phase 2 and 3 clinical trials have 
shown their advantages, such as decreased hepcidin levels, better iron utilization 
and thus less need for iron, the ability to influence the background of inflamma-
tion without increasing the dose [113]. These drugs will probably find their use in 
patients with epoetin-resistant anemia associated with both inflammation and iron 
metabolism disorders.

11. Impact of arterio-venous hemodialysis fistula

In dialysis patients, one can assume the relationship between CHF and 
recent AVF formation in slight reduction of cardiac output, absence of pulmo-
nary hypertension and other causes of heart failure progression (severe CHD, 
cardiomyopathy).

After AVF formation, peripheral vascular resistance decreases rapidly, leading 
to compensatory increase of cardiac output and possibly to acute CHF decompensa-
tion. Because of the increase of blood inflow to the heart, the diastolic size of the 
left ventricleand pulmonary pressure increase [114]. Subsequently, progressing 
myocardial hypertrophy and dilatation of heart cavities cause diastolic LV dysfunc-
tion and CHF development [115]. Pulmonary hypertension, found in 40–50% of 
patients on HD [116], joins soon after AVF formation and is associated with the size 
of arterio-venous shunt [117]. The inadequate pulmonary vasodilation in response 
to the AVF-induced increase in blood flow rate is thought to be caused by decreased 
NO synthesis in the endothelium or accumulation of uremic NO inhibitors, such as 
asymmetric dimethyl arginine [118].
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In all patients on regular HD, AVF with a large shunt should be considered as a 
factor aggravating the CHD and CHF development. Normalization of blood flow in 
AVF can lead to delay in cardiovascular pathology progression. In peripheral bypass 
syndrome, blood flow and perfusion in the limb distal to the fistula reduce dramati-
cally because of shunt redistribution of blood flow. Less known is coronary bypass 
syndrome, where left-sided AVF, bypassing the left internal thoracic artery, reduces 
coronary blood flow, which can lead to myocardial ischemia, especially during the 
HD session [119].

After the AVF formation, the blood volume increases to maintain a higher car-
diac output and can be complicated by severe (refractory) hypertension. In several 
“preload (end-diastolic pressure)-dependent” dialysis patients, poorly controlled 
dialysis-induced hypotension accompanies inter-dialysis hypertension in the first 
15–20 min of HD even with moderate volumes of UF. Among other complications, 
fistula infection with outcome in progressing CHF and thromboembolic syndrome 
provokes prognostically unfavorable bacterial endocarditis.

Thus, AVF, being essentially an iatrogenic vascular anomaly formed to treat HD, 
can contribute to cardiac mortality. The negative effect of AVF on cardiovascular 
mortality is directly proportional to blood flow in the fistula and severity of initial 
cardiovascular pathology. Thus, AVF should not be used in patients with LV ejec-
tion fraction <40% and significant pulmonary hypertension. Therefore, the AVF 
formation should be preceded by cardiac assessment (ECG and Echo-CG monitor-
ing) involving a consultation with a cardiologist.

AVF formation should be planned 2–3 months before the expected start of HD. 
It is unwise to form AVF a year or more before the start of HD and at Hb levels 
>12 g/dL because of high risk of fistula thrombosis. Blood flow in the fistula should 
be targeted at 400–600 ml/min; for blood flow over 800 ml/min, surgical reduction 
of arterio-venous blood shunt is reasonable. Ultrasonography, venography, and 
arteriography (fistulography) are used to monitor AVF.

In patients with refractory CHF, CHD with unstable angina, coronary or 
peripheral bypass syndrome, or severe pulmonary hypertension, AVF ligation with 
transfer to CAPD is indicated. In endocarditis after removal of infected AVF is 
recommended temporary transfer of a patient with HD to CAPD or low-flow dialy-
sis, increasing the effectiveness of antibiotic therapy, followed by prosthetic heart 
valves insertion. PD can be used also for the period of standard AVF formation and 
maturation instead of AVF with excessive shunt.

12. Conclusion

Further study is important of cardiorenal relationships in patients on RRT with 
the isolation of a separate “dialysis-related” type of CRS reflecting the progres-
sion of cardiac dysfunction during dialysis treatment. To analyze the features of 
dialysis CRS, a comprehensive approach should be developed for its treatment and 
prevention.
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