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Preface

Peritoneal dialysis is a well-established home-based kidney replacement therapy

for patients with end-stage kidney disease, offering patients more lifestyle flexibility.
Peritoneal dialysis has multiple benefits over hemodialysis, which include clinical,
economic, and social benefits. In the past 20 years, peritoneal dialysis has witnessed
significant improvements in different aspects, including pre-dialysis care and shared
decision-making, glucose-sparing strategies, connecting system, improved techniques
of peritoneal dialysis catheter insertion, peritoneal dialysis solutions, and cyclers with
remote patient monitoring and management. Despite these valuable benefits and
improvements, its global penetration rate remains low at about 12%. This is due to
multiple medical and non-medical factors. Notably, the lack of awareness or inad-
equate patient education and implementation of shared decision-making, inadequate
training of healthcare professionals, physician bias, and lack of incentives and/or
reimbursement remain major impactful factors.

This book, Peritoneal Dialysis in the Modern Era, represents an update on selected and
most important theoretical and practical aspects of peritoneal dialysis therapy, which
is elegantly written by distinguished and experienced authors. Each chapter provides
a clear description in a simple and easily understood layout, which is supported by
illustrations and/or figures or tables. This book aims to increase awareness and update
healthcare professionals on what has changed in PD practice over the past 20 years.

It also provides readers with a reference to support their day-to-day clinical practice,
aiming to improve the clinical outcomes of PD-treated patients.

Finally, my special thanks to the Publishing Process Manager, Ms. Maja Bozicevic, for
her outstanding efforts in collecting and editing the manuscripts and her professional
secretarial support.

Ayman Karkar

Consultant Physician and Nephrologist,

Baxter Scientific Office,

Head of Medical Affairs for the Middle East and Africa,
Renal Care,

Dubai, United Arab Emirates






Chapter1

Introductory Chapter: Modern
Peritoneal Dialysis

Ayman Karkar

1. Background

Peritoneal dialysis (PD) is a well-established home-based kidney replacement
therapy for patients with end-stage kidney disease (ESKD), offering patients more
convenience and flexibility of lifestyle. PD is empowered with an efficient natural
filter or dialyzer (peritoneal membrane). Peritoneal membrane is composed of two
layers (parietal and visceral) with a cavity in-between (peritoneal cavity). It is a semi-
permeable membrane, rich in blood supply, and has a large surface area (1.5-2.0 m?).
The peritoneal membrane (peritoneal dialysis) allows for the exchange of solutes and
fluid between the peritoneal capillary blood and the dialysis solution in the perito-
neal cavity [1]. PD is based on the physiological principles of diffusion, convection,
and osmosis. The removal of retained uremic toxins and excess fluid is achieved by
infusing osmotic agent (like glucose) and/or colloidal solution (like icodextrin) into
peritoneal cavity [2]. The infused PD solutions, which vary in volumes from 0.5-3.0
liters (depending on the age and body surface area), are introduced and removed
from the peritoneal cavity through a permanent indwelling peritoneal (Tenckhoff)
catheter. The PD catheter can be inserted at bedside under local anesthesia, surgically
by laparoscopic technique, or by open surgical procedure. PD can either be performed
manually (continuous ambulatory PD or CAPD) during the daytime or using a
machine/cycler (automated PD or APD) overnight. PD prescription is achieved by
performing a number of exchanges of PD solutions [3].

2. Benefits of peritoneal dialysis

Peritoneal dialysis, as a home-based therapy, has multiple benefits over those
of hemodialysis (HD). These include (1) clinical benefits such as (a) preservation
of residual kidney function, (b) preservation of vascular access, especially central
venous catheters, (c) lower risk of infection (e.g., blood born viruses), (d) lower risk
of cerebrovascular accident (no heparin is needed), (e) better early survival rate,
(f) same or lower risk of mortality, (g) better bridge to kidney transplantation, (h)
remote patient monitoring and management (RPM), and (i) valuable protection
during pandemics (e.g., COVID-19), (2) economic benefits such as (a) more favorable
hospitalization profile, (b) lower use of injectable medications, such erythropoietin
stimulating agents, and (c) better employment, and (3) social benefits such as (a)
self-care with positive impact on health outcomes, (b) improved patient satisfaction,
and (c) better cognitive functions and quality of life [4-9].
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3. Prevalence of peritoneal dialysis

Despite these benefits, the global penetration rate does not exceed 12%, though
its variable among different countries [10]. Countries who pursued “PD First”
policy, where PD is used as the first treatment modality for appropriate ESKD
patients, as in Hong Kong who achieved high penetration rates (71%). Other
countries pursued “PD Preferred”, where government policy on dialysis encourages
the use of PD as the treatment choice while removing any existing disincentives.
These countries include China, India, Taiwan, Spain, North America, and Mexico.
Alternatively, countries like Australia/New Zealand and Finland pursued “Home
Dialysis First,” where PD or home HD is used as the first treatment modality, usu-
ally as a complimentary strategy [11].

The low global PD penetration is due to multiple medical and non-medical
factors. The absolute medical contraindications for PD are multiple adhesions with
small intraperitoneal compartments, uncorrectable mechanical defects like urinary
bladder exstrophy, and irreparable hernia. In addition, there are relative contraindica-
tions, which include morbid obesity, presence of ostomy, active diverticulitis, large
abdominal aortic aneurysm, and severe cognitive or physical impairment [12, 13]. The
non-medical reasons include lack of awareness or inadequate patient education and
implementation of shared decision making (SDM), patient and/or caregiver unable
or unwilling to perform the therapy, physician bias (lack or inadequate education,
training or experience), and lack of incentives and/or reimbursement [14-16].

4. Peritoneal dialysis in the modern era

The era of modern PD has witnessed significant improvement in the past
20 years. These improvements include (a) implementation of shared and informed
decision-making by patients in selecting the preferred dialysis modality [17, 18], (b)
pre-dialysis education and training for potential PD patients [19-21], (c) advanced
laparoscopic techniques for PD catheter insertion [22], (d) glucose sparing strate-
gies [23-25], (e) monitoring and managing PD patients remotely [26, 27], especially
during pandemics like COVOD-19 [28, 29], and (f) unplanned urgent start programs
[30, 31]. Furthermore, the international clinical guidelines (e.g., International Society
of PD and KDIGO guidelines) have largely contributed to improved PD clinical
outcomes, including technique survival and time-on-therapy. These achievements
in the era of modern PD, when compared to HD therapy, resulted in lower mortality
rate during the early years on dialysis [reviewed in 4], similar long-term survival
rate including patients with controlled diabetes [32], improved technique [26] and
patient’s survival, reduced rate of adverse events (e.g., metabolic and fluid overload)
and hospitalization by RPM [27], better cognitive functions and quality of life, and
lower rates of post kidney transplantation delayed graft dysfunction [reviewed in 4].
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Chapter?2

Quality of Life in Patients
Undergoing Peritoneal Dialysis

Giovanni Palleschi and Valeria Rossi

Abstract

In the last years, various manuscripts suggest that patients undergoing peritoneal
dialysis have better quality of life than those submitted to hemodialysis. While studies
in the past were limited by poor cohorts and the use of non-validated methods, more
recently the literature has provided better data from meta-analyses and systematic
reviews. In various studies, the quality of life of patients undergoing dialysis is lower than
that of healthy subjects and is burdened either by symptoms related to chronic disease
or by disadvantages that are associated with treatments. This burden becomes worse in
subjects receiving replacement therapies. Even if comparative data are not unanimous,
there is a tendency in favour of peritoneal dialysis with respect to haemodialysis regard-
ing physical status, mental status, the general perception of health and tolerability versus
treatment. Patients undergoing peritoneal dialysis usually report better autonomy,
lower anxiety, a good relationship with the medical staff and lower pain when compared
to subjects receiving haemodialysis. However, a higher statistical difference between
peritoneal dialysis and hemodialysis in terms of quality of life is achieved only about
the general impact of kidney disease, and some of the recent studies still report non-
definitive conclusions. This report summarizes the current evidence on the topic.

Keywords: chronic renal failure, peritoneal dialysis, quality of life, health-related
quality of life, burden, end-stage renal disease

1. Introduction

The World Health Organization defines Quality of Life (QOL) as an individual’s
perception of their position in life in the context of the culture and value systems in
which they live and in relation to their goals, expectations, standards and concerns [1].
Quality of life represents an indicator of the state of health of patients especially in
those suffering from chronic diseases, because it also helps to obtain information about
disease evolution. The aim of diagnostic and therapeutic interventions is not only to
eradicate pathologic conditions but also to restore adequate QOL, providing patients
with health, which is considered a “state of complete physical, mental and social
well-being and not merely the absence of disease and infermity” [2]. Poor QOL is
often associated with chronic pathologic conditions and multimorbidity, being disease
severity, duration, and patterns of symptoms as the most influencing factors [2, 3].
Understanding the impact that a specific disease determines on patients’ QOL is of
utmost importance to assess at the best how people deal with a pathological condition
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and which measures can be adopted to improve their status [4]. This aspect is better
known as “Health related Qol (HRQOL)”, defined as “health aspects of QOL, gener-
ally considered to reflect the impact of disease and treatment on disability and daily
functioning” [4]. As with many other chronic disorders, chronic kidney disease (CKD)
negatively affects QOL and patients who need replacement therapies (dialysis) report
poorer perceived health [5]. The assessment of QOL in people suffering from CKD has
been the object of investigation for many years, and a large amount of data is available
from the literature. However, the studies often differ in patients’ numbers, methods

of investigation, statistical assessment and parameters considered. A significant rate
of manuscripts specifically describes outcomes of QOL in CKD patients undergoing
replacement therapies, haemodialysis (HD) and peritoneal dialysis (PD). Some of
these studies present comparative data between the two dialytic techniques, while
some others are focused only on the outcomes of one type of treatment. The aim of this
chapter is to summarize the more recent data about QOL in patients undergoing PD
and also to explore outcomes when compared with subjects undergoing HD.

2. Research strategy

Both the authors G.P. and V.R. independently performed research on the topic
through the database PubMed using the following keywords: chronic renal failure,
peritoneal dialysis, quality of life, health-related quality of life, burden, and end-stage
renal disease. We considered feasible for our investigation the manuscripts published
in literature since the last 10 years, to provide quite recent evidence on the argument.
We examined only papers published in English starting from the systematic reviews
and meta-analyses, then choosing the studies with a larger number of patients and
preferring those that adopted similar, standardized and validated tools for QOL
assessment. Additional references with older publication dates, and considered
of interest for the purpose of this research, were then extracted from the lists and
citations of the manuscripts reviewed. Metanalyses and systematic reviews reporting
comparative data on QOL between PD and HD were also included in the investiga-
tion. We aimed to describe the most significant outcomes reported by literature
about the impact of PD on the lives of patients in order to provide a state of the art of
current knowledge on this important field of research.

3. Quality of life in patients undergoing peritoneal dialysis
3.1 Prevalence of PD

Peritoneal dialysis represents one method of kidney replacement therapy.
Epidemiological data and quite recent surveys report that it accounts for about 9-15%
of treatments in patients suffering from end-stage renal disease (ESRD) in the world
[6]. Data provided by the International Society of Nephrology Global Kidney Health
Atlas (ISN-GKHA) in 2018 indicate that PD median global prevalence is about 38.1
per million population, with significant differences among countries because this
type of therapy is not worldwide available [7]. In fact, this survey reports that in
2018 PD was not utilized in 30 countries, especially in low-income ones in Africa
[7]. However, this scenario is probably going to change in the future years: some
advantages of PD compared to HD, such as higher feasibility, easier management,
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good cost-effectiveness ratio, could contribute to implementing the use of this type
of replacement therapy in many countries [7]. Therefore, while in the US and Europe
HD still covers a larger rate of replacement therapies, in the Middle East and Asian
regions a higher use of PD is registered; Hong Kong has been reported as the place
with the highest use of PD in the world [8].

3.2 Assessment and standardization of quality of life in PD patients

Among replacement therapies available for the treatment of ESRD, a major rate of
patients undergo HD and for this reason, the surveys performed on subjects submitted to
PD exploring QOL and psychological issues, especially in the past, have been unpowered
by poor populations [9]. However, it has been reported that this is often the consequence
of the lack of specific methods of investigation and standardized instruments to assess
how QOL is burdened by PD [10]. Therefore, standardizing and prioritizing PD out-
comes, including QOL assessment, has become a goal of clinicians, researchers and
Scientific Societies [10, 11]. The International Society for Peritoneal Dialysis (ISPD) has
promoted research to provide a standardization of PD outcomes developing validated
methods for the procedure and prompting the use of well-recognized tools for QOL
assessment [11]. This programme is intended to overcome the limits in QOL assessment
when based only on clinicians’ evaluation and diagnosis [10]. Very recently, standardized
definitions of PD-related symptoms and complications have been described including
clinical criteria for a correct diagnosis, and have been reported by literature [11]. Various
systematic reviews and metanalyses reporting PD outcomes focused on symptoms and
complications usually sub-divide data into different categories: pain, gastro-intestinal
symptoms, fatigue, depression, anxiety, muscular symptoms (cramps), pruritus, restless
legs syndrome, sexual function, sleep disorders [10]. All these symptoms may be respon-
sible for QOL worsening because of social, mental and physical disability, reduction
of life participation and carer burden [5, 9]. Some of these disturbances can be a direct
consequence of PD treatment, while some others are also sustained by the pathophysi-
ological mechanisms of ESRD, especially as the consequence of fluid volume status,
blood pressure changes, mineral and bone disorders, anemia [9, 12]. It is not always easy
to distinguish whether the impact on the patient’s QOL is more related to the chronic
disease or to dialysis treatment and it is for this reason that many studies compare PD
with HD, in order to prevent a possible incorrect interpretation of the results. In addition,
the studies that provide high-quality data are those that adopted dedicated instruments
(questionnaires) for QOL assessment [11]. Patient Report Outcomes (PRO) represent,
in fact, the best tools to assess patients’ perceptions because directly reporting patients’
feelings. In studies assessing PRO in subjects undergoing PD the following questionnaires
were the most used: Short-Form Health Survey 36 (SF-36), (Euro Quality of Life—S5D),
Kidney Disease Quality of Life (KDQOL), MOS social support survey, MMSE (Mini
Mental Scale Examination) [10]. All these questionnaires have been submitted to specific
processes to be recognized as valid and reliable and are widely used in clinical trials.

3.3 Comparing the quality of life in PD vs. HD patients

3.3.1 The impact of PD on patients’ physical and mental status and effects of social
support on the quality of life

Many studies suggest that PD diminishes the QOL of patients if compared with
healthy subjects and that during years of treatment, the QOL scores tend to worsen
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due to a perception of both physical and mental health deterioration [9]. This
outcome is common in almost all patients suffering from chronic pathologic disor-
ders [3]. In addition, patients undergoing dialysis, including those submitted to PD,
show to lose personal hope during the time, as the replacement therapy prolongs
and a chance of relief or receiving a kidney transplant reduces [12]. This outcome

is strongly correlated to the impairment of functional status (one of the strongest
predictors of all PROs), that is negatively conditioned by dialytic therapy that limits
daily activities [12]. Although data from the literature show that PD globally lowers
QOL scores, the studies highlight somewhat differences among countries because
social support, availability of expert caregivers and economic resources are not

the same everywhere [7, 13]. In fact, as confirmed by large surveys, social support
appears to be a “key factor” considering the perception of QOL. Sitjar-Suner et al.
2020 conducted research with the purpose of assessing HRQOL and perceived social
support in patients undergoing PD [5]. The authors performed a cross-sectional
multicenter investigation from 2015 to 2017 to assess feelings experienced by
patients undergoing PD in real life using the KDQOL and the MOS social support
[5]. The population was represented mostly by men, with at least 5 years of dialytic
age. The results showed a significant impact of PD on patients’ emotional status,
social interaction, sleep, general perception of health, mental status and sexual
activity, being this last aspect reported more by men than women (with prevalence
reaching 64% of the population) and especially represented by erectile dysfunction
[5, 14-16]. Specifically, regarding treatment, a large number of patients reported
satisfaction and good relationships with the staff, but they confirmed that PD
caused limitations on their daily activities, and life participation, inducing most of
them to make adaptations in their lives and in the lives of the family [6, 14]. A sub-
group with a severe reduction in QOL was represented by people who declared that
they could not work after starting to receive PD. Furthermore, a significant rate of
patients described personal difficulty in sharing feelings and experiences of dialysis
with other people [5]. One important variable that was significantly associated with
negative perception in QOL was hospitalization. On the other side, all patients who
reported receiving good and effective social support were those with better scores
in QOL. As an additional outcome, this study showed that people with previous
experience with HD described PD as less aggressive and better tolerated. Many
investigations report that PD is well tolerated by patients; studies with an obser-
vational time longer than the research of Suner [5] reveal that physical and mental
status may improve in some patients during the time, generally after 24 months of
treatment [17]. This outcome is usually different in patients undergoing HD, who
in some studies perceive a deterioration of social interaction, and physical and
mental status [18]. Mental status has a crucial role in HRQOL, because anxiety, and
loss of hope, often associated with a negative psychological condition, can lead to
depression which is described as an important issue also in PD patients although
still underestimated [9, 12, 19, 20]. One of the most important aspects that appear
to determine a deterioration in QOL and depression in patients undergoing dialysis
is pain [20]. Pain may be generally the consequence of some pathophysiological
mechanisms of CKD, in particular bone mineral disorders, but it can be also influ-
enced by the dialytic technique and could require adjustment of dialysate composi-
tion [21-23]. Davison et al. in 2005 reported that pain was independently related

to depression and sleep disorders in patients undergoing dialysis [21]. Moreover,
other authors have shown that the severity of pain in subjects undergoing dialysis

is associated with vascular and other tissue calcification, that are consequent to
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parathyroid hormone alterations (causing bone pain), with consequent negative
impact on physical component, mental component scale, negatively influencing
global PD outcomes [22-26]. Among the most important aspects that resulted to be
affected by pain, in fact, there are physical activity and the quality of sleep [27-29].
The great attention that literature has focused on pain is definitely justified by the
fact that this symptom is the most important factor that contributes to affect QOL
[6]. A detailed analysis of the incidence of pain in patients submitted to PD has been
performed by Chunyan et al. in 2022 [30]. This research included a large cohort,
consisting of 463 patients submitted to PD, whose perception of pain was inves-
tigated by means of the Short-Form Mc Gill Pain Questionnaire (SF-MPQ ). The
prevalence of pain in this population is 33.1%. The outcomes supported that pain
was associated mostly with bone and mineral disorders, considering that normal
levels of calcium, phosphorus and parathyroid hormone were poorly associated
with symptoms. Statistical analysis has shown older age and elevated parathyroid
hormone levels to be risk factors for developing pain in PD patients of this cohort.
The most interesting finding was that patients with higher scores regarding pain
perception were those with poorer QOL also because they needed to assume anal-
gesics, confirming that many of them suffered from sleep disturbances that were
associated with anxiety and depression. Being the consequence of pain and other
conditions, sleep disorders are prevalent in the PD population (ranging from 69 to
81%), and are often associated with fatigue and depression with a negative effects
on QOL [27, 28]. Principal aspects of QOL in PD patients and here reported are
represented in Table 1.

List of items Outcome

Social interaction Not uniformly assessed by studies [10] —Treatment may limit participation in various
and life participation  activities [14]—Patients report needing adaptations in their lives due to dialytic treatment
and sharing their experience is difficult [5].

Pain This symptom may be initially present but can improve over time [21]—Pain is
usually associated with infusion and drainage of dialytic solutions [23] and may be
the consequence of bone metabolism disorders, with negative mental and physical
impact [21, 23, 24, 29].

Physical status/ It is associated with age [31, 32], female sex [31, 32], higher BMI [31], unemployment and
fatigue low physical activity [31, 33].
Fatigue contributes to reducing social interaction [17]—Patients can report perceiving less
energy and less strength with consequent emotional distress [5, 34].

Mental status and Prevalence ranges between 28 and 40% and it is underestimated [13]—It is associated

depression with low functional status and it has a negative impact on QOL [13, 20]—PD patients
describe that ignorance and misunderstanding by people of their condition had negative
consequences on their mental status [5].

Sexual dysfunction The condition is prevalent in PD patients, reaching 64% in large cohorts, and mostly
represented by erectile dysfunction in men, with a negative impact on QOL [14-16].

Sleep Studies adopting proper methods, such as the Pittsburgh Slee Quality Index, report
prevalence between 69 and 81% [27, 28]—Sleep disturbances are associated with fatigue,
depression, and reduced QOL [27, 35]—Many patients doing treatment at home during
nighttime report that this can interfere with rest and sleep [5, 14].

Patients outcomes regarding the main aspects that influence QOL in subjects receiving PD are reported.

Table 1.
Principal aspects of quality of life in PD patients.
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3.3.2 Comparative outcomes on quality of life of PD and HD patients from
systematic reviews and metanalysis

As above mentioned, much data regarding QOL in PD patients comes from studies
that compare outcomes of HD with those of PD. Generally, comparative investiga-
tions describe higher benefits on patients’ QOL from PD than HD, although some data
are still controversial [18]. The results of the most important surveys on QOL in PD
patients are summarized by systematic reviews and meta-analysis. A schematic repre-
sentation of the main outcomes resumed in this paragraph is shown in Table 2. A very
important meta-analysis performed by the group of Samira Raoofi in 2023 reported
results after reviewing 147 studies comprehensive of a total number of 623,728 indi-
viduals [36]. In this work, studies using SF-36 and KDQOL short-form questionnaires
were included, while researches not in English were excluded. This investigation was
based on the Newcastle-Ottawa Scale for the assessment of the quality of papers, and

Authors/references  Type of study Outcome

Raoofi et al. [36] Meta-analysis of 147 Patients undergoing PD have greater lifestyle confirmed
studies including by better scores at domains of the questionnaires regarding
623,728 patients emotional dimension, environment, and social interactions

[37]—PD patients present higher life flexibility in lifestyle [38].

Chuasuwanetal. [39]  Metanalysis on 7995 PD patients had better scores regarding physical functioning
studies (finally [40, 41], role limitations [42], pain [43, 44], general health
examined 21) [44], and energy [44]. Physical functioning and role

limitations were the domains with statistical significance [39].

Goncalves et al. [45] Survey on 338 patients ~ QOL scores better in PD patients in work status,
encouragement from dialysis staff, and satisfaction with
treatment (with statistical significance). HD patients had
better results in physical and emotional functioning.

Wright et al. [14] Survey on 77 patients PD patients had the highest QOL scores regarding physical
functioning, emotional well-being, and general health
(with no statistical significance).

Grivaetal. [34] Survey on 433 patients ~ QOL scores were better in PD patients regarding satisfaction in
relation to treatment. HD and PD patients had similar scores in
other domains.

Okpechi etal. [22] Survey on 86 patients QOL scores were better in PD patients but without statistical
significance.

Kim et al. [46] Survey on 237 patients ~ QOL scores were better in PD patients with statistical

significance regarding the domain of symptoms list.

Wakeel et al. [47] Survey on 200 patients ~ QOL scores better with statistical significance in PD patients
except for physical functioning.

De Abreu etal. [48] Survey on 350 patients ~ QOL scores better in PD patients regarding constant
encouragement and support by dialysis staff. HD patients
presented better QOL improvement at 12-month check-up.

The table shows the main results regarding QOL assessment provided by the most important studies comparing PD and
HD treatment. PD patients usually present higher QOL scores; however, the difference appears statistically significant
not in all the studies and not in all the domains of the questionnaives. The sub-analysis of KDQOL-SF domains shows
that the impact of kidney disease is significantly lower in PD patients than in those undergoing HD.

Table 2.
Comparative outcomes of main QOL aspects between PD and HD patients based on KDQOL-SF questionnaire
results. Meta-analysis and most important studies are veported.
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it is described as the first worldwide systematic review and meta-analysis examining
the HRQOL and the determinants across patients who underwent HD and PD. As

the main result of this protocol, the authors observed in some studies greater lifestyle
in PD patients with better scores in emotional, environmental and social interaction
domains [37] as a consequence of higher life flexibility [38]. They also reported an
inverse relationship between QOL and age, and a significant inverse relationship
between age and Body Mass Index (BMI) in patients undergoing dialysis, while QOL
resulted to decrease in dialytic age as reported also by other researchers [22]. Other
authors report that outcomes in patients undergoing HD and PD get worse in the
elderly [31, 32] and that fatigue is associated with age [29] and BMI [26, 31], reducing
daily activities [30, 33]. Poor HRQOL in subjects undergoing dialysis is confirmed

to be affected by several factors, such as loss of independence, loss of employment,
and social life reduction, with consequent psychological negative outcomes [49].
Social limitation consequent to the dialytic treatment and fatigue appears to be the
main cause leading to poor scores in QOL domains regarding physical (perception of
less strength and less energy), mental and emotional status [5, 14, 32]. Furthermore,
some data provide evidence that QOL in patients undergoing HD and PD propor-
tionally decreases the deterioration of general medical condition which is often also
associated with economic troubles [33]. Data specifically focused on the comparison
between HD and PD outcomes from this metanalysis support the evidence that
patients undergoing PD have greater lifestyle confirmed by better scores at domains
of the questionnaires regarding emotional dimension [5]. The possibility to choose
time for treatment, at a comfortable place, decreases the risk of anxiety and depres-
sion, even if some studies report that nocturnal PD can interfere with rest and sleep
[5, 35]. In fact, despite the fact that PD patients can do the treatment at home, which
should result in more comfort, in some studies, both PD and HD patients present
similar rates in investigations on sleep quality [35]. A less restrictive dietary pro-
gramme, higher autonomy in doing treatment and the longer preservation of residual
diuresis resulted to be factors favoring better PD outcomes in comparison with HD:
these aspects have been suggested by some authors as factors that reduce functional
dependency of patients respect to treatment [50]. A metanalytic study designed by
Chuasuwan et al. in 2020 included 7995 publications (comprehensive of abstracts
from congresses) leading to a final examination of 21 papers [39]. Investigational
methods were represented by SF-36, KDQOL and Eq. 5D. The outcomes showed

that regarding physical functioning [40, 41, 51], role limitations [42], pain [43, 44],
general health [52], the scores were significant better in PD than HD patients.
However, it has been reported that the difference in the scores in the majority of
sub-domains resulted not always statistically significant [50]. Specifically, using the
unstandardized mean difference (USMD) of QOL between PD and HD groups, only
the sub-domain scores of physical functioning and role limitations were confirmed
significantly higher in PD than in HD ones. One of the main factors responsible for
better QOL scores in PD patients was confirmed to be the chance to make treatment
in comfortable places with respect to dialysis centres/hospitals. In 2017 Zazzeroni
etal. carried out a specific metanalysis on manuscripts published from 2011 to 2016
[52]. The authors identified 946 articles but at the end of the process, they considered
only seven. In the conclusions, they reported that data were not unanimous and that
not all the manuscripts reported a statistically significant difference regarding QOL
between the two treatments [52]. Particularly, they observed that some of the studies
[14, 17] reported better scores in PD patients only in a few domains of the question-
naires (work status, support by the dialysis staff and satisfaction of the patient).
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In addition, they found also manuscripts reporting better QOL and better satisfaction
in HD patients when they were assessed at long follow-up, and on home treatment;
these patients showed to achieve better scores in the domains regarding social inter-
action [14]. Other studies show better outcomes in QOL of PD than HD patients with-
out a statistically significant difference at the sub-domain’s examination, as reported
by Okpechi et al. [22]. However, the cohort examined in this protocol was limited to

a single renal hospital unit. Otherwise, this paper shows an interesting correlation in
PD patients between good emotional condition and blood levels of ferritin and hemo-
globyn concentration, while pathological levels of calcium (low concentration) and
parathyroid hormone are shown to be associated with bad symptoms, such as fatigue
and bone pain, especially in HD subjects [17]. Favorable outcomes in terms of global
QOL, especially concerning satisfaction related to treatment, levels of anxiety and
depression, were reported by other groups of PD patients [34, 45, 46]. Wright et al.

in 2015 evaluated QOL in HD and PD patients during a 6 months period: HD patients
on home treatment showed better outcomes than subjects undergoing in-centre

HD [14]; the best favorable scores were reported by subjects treated by PD, even if
also in this study the difference was not statistically significant at the sub-domain
examination. An interesting experience has been reported by Badri Man Shreshta
from Sheffiled, who generically described better QOL provided by PD with respect

to HD because of higher autonomy, better flexibility, reduced number of hospital
visits and potential longer preservation of residual kidney function and diuresis that
represents a significant advantage, especially for patient’s candidate for transplant
[53]. This group remarks that despite significant reported advantages of PD respect
HD, the first technique is underutilized especially in US and Europe, for reasons that
are not completely explored and understood. Additional outcomes were provided by
Wakeel in 2012 on 200 patients showing better QOL scores in PD patients except for
physical functioning and by De Abreau in 2011 who reported similar outcomes in a
survey on 350 individuals, especially regarding constant encouragement and support
by PD staff [47, 48]; in this last study, HD patients had better QOL improvement after
12 months of treatment [47, 48].

3.3.3 Factors influencing quality of life and satisfaction level in PD patients: Pre-
dialysis care, shared decision-making, assisted treatment and remote control

Various factors can influence QOL and satisfaction in patients receiving PD. The
choice of treatment in patients suffering from ESRD represents a major decision, with
significant consequences on their QOL. First of all, important studies show that proper
pre-dialysis education and social support can increase the choice of PD by patients
[54, 55]. It has been reported by various experiences that shared decision-making
could play a favorable role in achieving a good QOL with treatment [56]. This process
directly involves patients who receive information about replacement therapies from
caregivers through the use of videos, dedicated courses and printed material [57].
While some studies have controversial outcomes, reporting that, despite detailed coun-
seling, patients finally declared to follow clinicians’ suggestions and to feel themselves
with passive respect to the process of decision [54], some others demonstrated the pos-
itive impact of multi-disciplinary pre-dialysis care (MDPC) on the treatment outcomes
[57]. Specifically, MDPC has been shown to improve patients’ survival and to be asso-
ciated with a larger rate of patients starting dialysis treatment with PD [57, 58]. I-Kuan
Wang and collaborators examined the impact of multi-disciplinary pre-dialysis care
(MDPC) on a large group of 672 patients undergoing PD, of those 126 subjects under
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the usual care and 546 under MDPC on the risk of peritonitis, technique failure and
mortality [59]. The results showed that diabetic patients had a lower risk of mortality
due to the MDPC. The association between earlier pre-dialysis care with higher PD
choice and better patient QOL and survival has been demonstrated also by Dandara N
Spigolon and collaborators in 2016, after a survey performed on 4107 patients receiving
PD from 2004 and 2011 [60]. Other authors describe that a well-organized outpatient
office and service capable of providing adequate information and support to patients
can contribute to direct to PD, showing that in many countries the patient’s orienta-
tion to HD may often be the consequence of the lack of organizational assessment and
social support [61]. In the future, dedicated outpatient facilities are warranted to give
patients adequate knowledge about replacement techniques allowing them to choose
the treatment that can provide them with better QOL. As many authors report, in fact,
shared decision-making should stand as a standard of care [61]. Another important
factor that can influence the QOL of patients receiving PD is represented by the avail-
ability of assistance. Well-structured programmes contributing to improve the QOL of
PD patients have been prompted in some countries by the chance to perform assisted
treatment at patients’ homes with several advantages and benefits [61]. An assisted

PD may be necessary especially in the elderly but also in specific categories of patients
that for various reasons cannot be completely autonomous [62]. Studies performed

on large communities show that assisted PD is more utilized in non-academic centres
[63]. With respect to the past, in the last 10 years assisted PD has increased in many
countries and this improvement has positively influenced the choice of PD as replace-
ment therapy in ESRD showing good clinical outcomes and providing satisfaction in
QOL [64]. This result has allowed us to overcome various barriers that have limited

in the past the use of PD especially in elderly and fragile patients [65]. However, in
different scenarios, an assisted PD could not be available due to the inaccessibility of
caregivers. This is the case for patients who live in rural sites that are not easy to reach
due to the type of terrain, or people that live very far from medical centres. In these
conditions patients could receive support by a remote control that is usually realized by
data transmission through electronic devices and internet connections; furthermore,
patients can be monitored by web cams that facilitate dialog and improve confidence
and quality of relationship with clinicians [66, 67]. Despite literature still scarce with
definitive data, the studies available show that remote control can help patient to have
better management of treatment and clinicians in making decisions, leading to better
care and outcomes, including QOL [65-67].

3.3.4 Considerations

Chronic Kidney Disease incidence and prevalence are increasing in the world.
This condition is associated with high cardiovascular risk and it is responsible for
an increased risk of death [68]. Although kidney transplant represents the best
treatment for patients suffering from ESRD, a large rate of CKD patients receives
replacement therapies: HD and PD. These procedures have significantly improved in
the last 20 years gaining more favorable results and contributing to providing patients
with better prognosis and better life expectancy. For this reason, QOL assessment
has become more important in this condition because it provides information about
the impact and the evolution of the disease [5]. Quality of life in patients suffering
from CKD has been deeply investigated by literature showing a negative effect that
involves physical and mental status [35]. Among individuals with CKD, QOL strongly
deteriorates in hospitalized patients and in those receiving replacement therapies [6].
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Data presented in this chapter summarize the main outcomes provided by literature
in the last 10 years about QOL in patients receiving PD. The analysis of papers that we
considered for this investigation supports the use of dedicated tools for QOL assess-
ment in patients undergoing dialysis. The meta-analysis examined suggests that PD
reduces the QOL of patients compared with healthy subjects, because of symptoms
related to CKD and disadvantages and complications associated with treatment [5].
Furthermore, scores regarding QOL tend to worsen with dialytic age due to a reduced
perception of health status. In fact, in patients receiving PD, symptoms’ representa-
tion affects QOL, reducing scores of physical and mental conditions. No statistically
significant difference was found among the sexes regarding the variables included

in the QOL questionnaires, even if some studies reported more limitations on sexual
activity described by men than women. Comparative data between PD and HD
outcomes provide the most part of information regarding QOL. The prevalence of
studies supports better QOL outcomes in patients receiving PD in terms of physical
functioning, role limitations, pain, general health and energy. High statistical signifi-
cance is reported regarding the lower impact that CKD has on PD than HD patients.
Various authors describe additional factors in favor of PD that contribute to improve
QOL in comparison with HD individuals: reduced number of hospital admissions,
better cosmesis (due to the different body access for treatment associated with lower
pain compared to repeated cannulations of artero-venous fistula in HD subjects),

a higher flexibility for managing time of treatment and better autonomy. Since a
larger number of researchers has prompted adequate surveillance of QOL in patients
undergoing dialysis as a routinary method included in the global patients’ assessment,
some advantages of PD have become more evident and well recognized by literature.
Several studies have also shown that at least 50% of patients candidate for replace-
ment therapy due to ESRD prefer PD when properly informed about the two dialytic
techniques available [69]. This evidence is quite in contrast with the diffusion in the
world of PD, which is the less utilized dialytic technique, accounting for around 15%
of all dialysis treatment in European countries and the US [70]. The underutilization
of PD may recognize various causes, such as lack of training in clinicians and caregiv-
ers and factors related to the choices made by public healthcare systems that include
the mechanism of financial remuneration [70, 71]. However, this aspect will surely
need to be better explored by future studies that should include also economic issues.

4, Conclusions

The assessment of QOL is an undeniable part of patients’ evaluation, especially in
the case of chronic diseases. The outcomes of QOL contribute to a better understand-
ing of the course of the disease and to adequately estimate the efficacy of treatment.
In addition, these instruments may help healthcare systems to adequately plan strate-
gies and resources to face the burden of disease. The large number of studies on QOL
in patients undergoing PD clearly show that these subjects have poorer QOL than
healthy subjects either due to a direct effect of CKD and also due to the burden associ-
ated with dialytic treatment, which lowers physical and mental conditions. However,
despite some studies reporting similar and comparable QOL outcomes among the two
dialytic techniques, from the majority and more recent metanalysis, the results are
in favor of PD regarding the impact of CKD. In addition, PD allows the preservation
of residual diuresis with consequent maintenance of the function of the urinary tract
that represents conditions predisposing for a successful kidney transplant.
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Chapter 3

Innovative Strategies for Remote

Patient Management in Peritoneal
Dialysis: The Role of Artificial
Intelligence

Ratnadeep Biswas

Abstract

The integration of artificial intelligence (AI) and telehealth in peritoneal dialysis
(PD) marks a paradigm shift in chronic kidney disease care. In conventional PD prac-
tice, poor adherence to prescriptions leads to increased complications, hospitaliza-
tions, and mortality, while delays in care and inefficient oversight contribute to higher
healthcare costs and workload burdens. Addressing these unmet needs is critical for
improving patient outcomes. This chapter explores the evolution of remote patient
management (RPM) in PD, emphasizing AI’s transformative role in enhancing patient
outcomes through real-time monitoring, predictive analytics, and personalized care
plans. The historical progression from basic telemedicine to sophisticated Al-driven
systems highlights the potential for reduced hospitalizations and improved treatment
adherence. Despite the benefits, obstacles such as digital access, data security, dispari-
ties, and the need for specialized training persist. Ethical considerations, including
patient autonomy and algorithmic bias, are also crucial in the responsible deployment
of these technologies. As advancements in Al and telehealth continue, their role in
managing PD is poised to expand, resulting in enhanced health outcomes and a better
quality of life for patients.

Keywords: artificial intelligence, telehealth, peritoneal dialysis, remote patient
management, chronic kidney disease, predictive analytics, personalized care, digital
health, patient outcomes, healthcare innovation

1. Introduction

Healthcare is undergoing rapid transformation, with technological innovations
significantly reshaping patient management, especially in the realm of chronic
disease care. Among these, peritoneal dialysis (PD) represents a critical area where
innovations in telehealth and artificial intelligence (AI) are creating new paradigms
of care. As PD is predominantly home-based, effective remote patient management
(RPM) has become essential for optimizing patient outcomes, enhancing adherence
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to treatment protocols, and reducing the burden on hospital systems. The incorpora-
tion of Al-driven technologies with telemedicine platforms is at the forefront of
these developments, offering unprecedented opportunities to enhance the healthcare
quality for patients undergoing PD.

In conventional PD practice, several unmet needs persist, hindering optimal
patient outcomes. One of the most significant challenges is poor adherence to PD pre-
scriptions, with studies reporting non-compliance rates ranging from 5% to as high as
50% in some cases [1-3]. This lack of adherence has serious consequences, including
increased rates of technique failure, peritonitis, hospitalization, and mortality [1, 4].
Additionally, the delay in patient-provider interactions often results in insufficient
anticipation and management of complications. Healthcare teams face challenges in
adjusting prescriptions in a timely manner, leading to inadequate clinical oversight
and reduced patient confidence. The excessive reactive workload placed on medi-
cal and nursing staff due to the lack of proactive monitoring also contributes to the
inefficient use of healthcare resources and increased healthcare costs. These issues
underscore the need for improved systems of remote patient management that can
bridge these gaps and enhance the effectiveness of PD care.

The shift toward remote monitoring in PD is not merely a response to the chal-
lenges posed by the home-based nature of the treatment but also a proactive approach
to leveraging technology for better patient outcomes. This is particularly significant
in PD, where complications such as peritonitis, fluid overload, and catheter-related
issues can arise suddenly and require prompt attention. Al algorithms, through
predictive analytics, can identify patterns and potential issues before they manifest
clinically, thereby improving patient safety and reducing hospitalization rates.

In Japan, for instance, the implementation of Al and IT in dialysis has revolution-
ized the approach to PD management. The development of systems like Sharesource,
which enables remote monitoring and adjustment of PD settings, exemplifies the
potential of these technologies to enhance patient care. Such systems allow health-
care providers to monitor critical parameters like fluid balance, blood pressure, and
dialysis efficacy in real time and to adjust treatment regimens remotely, thereby
reducing the need for frequent clinic visits and hospitalizations. Additionally, the
COVID-19 pandemic has accelerated the use of telemedicine, underscoring its criti-
cal role in ensuring continuous care while reducing the infection risk for vulnerable
patients [5, 6].

The potential of Al in PD management extends beyond mere monitoring. For
example, Al can help in optimizing dialysis prescriptions by analyzing trends in
patient data over time and predicting the best possible dialysis conditions tailored to
individual needs. Tailoring treatment to individual needs leads to better health results
and happier patients, as care is customized to their specific circumstances [5].

Although Al and telehealth have clear advantages for managing PD, there are
obstacles to overcome, including data security concerns, limited access to technol-
ogy, and the need for specialized training among healthcare providers. Data security,
in particular, is a critical concern, as the sensitive nature of health data requires
stringent measures to prevent breaches. Moreover, ensuring that both patients and
healthcare providers are adequately trained to use these technologies is essential to
maximize their efficacy and to avoid potential misuse [7].

As technology continues to advance, Al and telehealth are expected to become
increasingly important in PD management, driven by the demand for efficient
and patient-centered care. This chapter will explore the innovative strategies for
remote patient management in PD, focusing on the transformative impact of Al
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and telehealth technologies. Through a comprehensive review of current practices,
challenges, and future directions, it aims to equip healthcare practitioners with the
insights and tools necessary to leverage these innovations for better patient care in the
modern era.

2. The evolution of remote patient management in peritoneal dialysis
2.1 Historical perspective of remote management in healthcare

The concept of remote patient management (RPM) in healthcare dates back to
the mid-twentieth century, when the first telemedicine practices began to take shape.
Initially, these practices were rudimentary, involving simple communication methods
like telephone calls to provide medical advice to patients in remote areas. The technol-
ogy at that time was limited, and remote monitoring was practically nonexistent due
to the lack of real-time data transmission capabilities [8].

In the 1960s and 1970s, NASA’s STARPAHC project pioneered telemedicine by using
telecommunications to provide healthcare services to the Papago Native American reser-
vation in Arizona. This was one of the first examples of remote patient care and showed
how telemedicine could expand healthcare access beyond traditional settings [8].

The rise of the Internet and communication technology in the 1980s and 1990s
led to more advanced forms of telemedicine. During this period, healthcare provid-
ers began to explore the use of video conferencing and digital data transmission
for patient consultations and remote diagnostics. However, the application of these
technologies remained limited to certain specialties, such as radiology and psychiatry,
where direct physical examination was less critical [9].

2.2 Development and adoption of remote patient management in peritoneal
dialysis

The specific application of RPM in peritoneal dialysis (PD) began to take shape in the
late twentieth century as PD emerged as a popular home-based therapy for patients with
end-stage renal disease (ESRD). Initially, PD patients were required to keep manual logs
of their treatment details, such as dialysate volumes, fluid output, and any complications
encountered. These logs were reviewed during periodic clinic visits, which often left
significant gaps in the monitoring and management of the therapy.

The first significant breakthrough in RPM for PD came with the development of
early telemedicine systems that allowed for the electronic transmission of treatment
data from the patient’s home to the clinic. These systems, although basic, enabled
healthcare providers to monitor treatment adherence and identify potential issues
between clinic visits. However, they were still limited by the technology of the time,
which often meant that data transmission was not in real-time and could be prone to
errors [9].

The twenty-first century brought significant advancements in RPM for PD, largely
driven by innovations in digital health and information technology. The introduction
of automated peritoneal dialysis (APD) machines with embedded telemetry capa-
bilities marked a major milestone. These machines could automatically record and
transmit data on the dialysis process, including flow rates, ultrafiltration volumes,
and dwell times. This automation reduced the burden on patients and improved the
accuracy and reliability of data collected.
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Furthermore, the integration of Internet-connected devices and mobile health
applications allowed for real-time monitoring of patients. This development was par-
ticularly beneficial for identifying and managing complications early, thus preventing
hospitalizations and improving overall patient outcomes. Companies like Baxter
introduced systems like Sharesource, which allowed clinicians to remotely monitor
and adjust PD therapy settings, greatly enhancing the effectiveness and safety of
home-based dialysis.

2.3 Key drivers of remote management adoption

The adoption of RPM in PD has been driven by several key factors, including the
need for improved patient outcomes, advancements in technology, and the increasing
prevalence of chronic kidney disease (CKD).

Patient-centered care: One of the primary drivers of RPM adoption in PD has been
the shift toward patient-centered care. Patients undergoing PD are often more vul-
nerable to complications and require constant monitoring to manage their condition
effectively. RPM offers a way to provide oversight without the need for frequent clinic
visits, thereby improving patient comfort and adherence to treatment protocols [10].

Technological advancements: The rapid growth of digital health technologies has
been essential for the adoption of remote patient monitoring. Reliable Internet, wide-
spread smartphone use, and smaller medical devices make it possible to accurately
monitor patients from a distance. These technologies allow for the collection and
analysis of large amounts of patient data, which can be used to customize treatment
plans and improve health outcomes [11].

Healthcare cost reduction: Another significant driver is the need to reduce health-
care costs. Hospitalizations and in-person consultations are expensive, both for
patients and healthcare systems. RPM can help reduce these costs by enabling early
intervention and preventing complications that would otherwise require costly
treatments. This is particularly important in the management of chronic diseases like
CKD, where long-term care costs can be substantial [12].

Regulatory and policy support: The adoption of RPM has also been supported by
changes in healthcare policies and regulations that encourage the use of telemedicine
and remote monitoring technologies. In many countries, healthcare systems and
insurance providers have begun to recognize the value of RPM in bettering outcomes
and bringing down costs, leading to broader acceptance and integration of these
technologies in routine care [13].

As the healthcare landscape continues to evolve, the adoption of RPM in PD is
projected to grow, driven by ongoing technological innovations and the ever-growing
emphasis on patient-centered care. The historical development of RPM in PD high-
lights the critical role of technology in enhancing the quality and accessibility of
healthcare for patients with chronic conditions [8, 9].

3. Al-driven predictive analytics for early detection of complications in
peritoneal dialysis
3.1Introduction to Al and machine learning in healthcare

Artificial intelligence (AI) and machine learning are revolutionizing healthcare by
allowing systems to analyze massive amounts of data and provide insights that were
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not possible before. In healthcare, Al-powered predictive analytics uses algorithms to
identify patterns and predict future outcomes, allowing for early detection of diseases
and complications. The integration of Al in healthcare is not just about enhancing
diagnostics but also about improving patient outcomes through early interventions.
Al models can analyze data from electronic health records, wearable devices, and
even genetics to provide personalized healthcare solutions. Companies like Microsoft
and Google are at the forefront of this transformation, developing Al systems that
enhance the accuracy and efficiency of medical care [14, 15].

3.2 Predictive analytics in peritoneal dialysis

PD is a vital treatment for patients with end-stage kidney disease. However, com-
plications like infections, catheter problems, and cardiovascular events can be serious.
Al-driven predictive analytics can help by analyzing patient data to identify potential
complications early on. For example, machine learning models can be trained on past
patient data to predict the risk of peritonitis, a common and dangerous complication
in PD [16]. By integrating data from various sources, including patient history, treat-
ment regimens, and even lifestyle factors, these models can help clinicians intervene
early, potentially reducing hospitalizations and improving patient outcomes [17].

Several real-world examples demonstrate the potential of Al for early detec-
tion in peritoneal dialysis. For instance, a case study showed how machine learn-
ing algorithms were used to predict early signs of cardiovascular events in PD
patients. By analyzing data like blood pressure, heart rate, and medical history, the
Al system could alert healthcare providers to potential risks, allowing for timely
intervention [17, 18].

3.3 Benefits of early detection and intervention

By predicting complications, Al can help personalize treatment plans for individ-
ual patients, improving adherence and overall quality of life. This proactive approach
not only enhances patient care but also reduces healthcare costs by minimizing the
occurrence of severe complications [19, 20].

4. Automated systems for patient data collection and analysis
4.1 Al-powered tools for data collection

Artificial intelligence (AI) has transformed data collection in PD by introducing
tools that automate and enhance the process. Al-powered platforms can gather and
analyze large volumes of data from PD patients, reducing the risk of human error
and enabling more sophisticated data processing. These platforms utilize algorithms
to detect patterns in the data that may indicate potential complications, allowing for
early intervention.

For instance, Baxter’s Sharesource platform is an Al-driven tool that enables
remote monitoring of PD patients [21]. It collects data from the dialysis machine and
sends it to healthcare providers in real time. This data includes treatment adherence,
fluid removal efficiency, and potential alarms indicating problems during the dialysis
process. The Al system can analyze this data, providing insights that help healthcare
providers make informed decisions about the patient’s care plan [7].
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Another example is the use of Al in predicting patient outcomes based on his-
torical data. Machine learning algorithms can analyze past patient data to forecast
potential risks, such as fluid overload. These predictive analytics are invaluable in
tailoring treatment plans to individual patients, ensuring that each patient receives
the most appropriate care based on their unique needs [22, 23].

4.2 Sharesource

Introduction to Sharesource platform: The Sharesource platform, developed by
Baxter, is an advanced RPM system specifically designed for automated peritoneal
dialysis (APD). It plays a crucial role in improving patient outcomes by allowing
healthcare providers to remotely monitor and adjust treatment plans in real time,
ensuring continuous and effective care. This system is particularly important for
home-based dialysis patients, where regular clinic visits are less frequent, and early
detection of complications is vital [24].

Two-way communication: A key feature of the Sharesource system is its two-way
communication capability. After each PD session, the data is automatically transmit-
ted from the patient’s APD cycler to a centralized clinic system. This data includes
critical treatment parameters such as fluid removal volumes, cycle times, and ultra-
filtration efficiency. The information is relayed in real-time to the healthcare team,
allowing physicians to assess patient progress remotely [25].

Remote prescription adjustments: One of the standout features of Sharesource is
that physicians can remotely adjust prescriptions based on the transmitted data. If
a patient’s treatment needs to be modified due to signs of fluid overload, inadequate
ultrafiltration, or other issues, the healthcare provider can make these changes
instantly from their location without requiring the patient to visit the clinic. This
significantly improves the flexibility and timeliness of care, ensuring that patients
receive the correct dosage and treatment protocol at all times [26].

Flag system for alarms and alerts: The Sharesource platform employs a sophisticated
flag system to alert healthcare providers about potential issues in real time. The
system generates priority and high-priority alarms based on the data received after
each PD session. These flags help nurses and physicians quickly identify and prioritize
patients who may be at risk of complications. Some of the conditions detected by
these flags include:

a.Poor patient adherence: If a patient fails to complete a prescribed dialysis session
or skips treatments, the system flags this as a high-priority issue, prompting
immediate action from the care team.

b.Catheter problems or poor drainage: The system can detect poor drainage vol-
umes, indicating possible catheter malfunctions or blockages. This alert allows
for a timely intervention, reducing the risk of infection or peritonitis.

c. Volume management concerns: Sharesource monitors fluid volumes during each
dialysis session. If there is an issue with fluid retention or inadequate removal, it
triggers an alert. This feature helps in managing issues like fluid overload, which
can lead to hypertension or heart failure if left unchecked.

d.Treatment variables: The platform also tracks a range of treatment-specific
variables, such as lost dwell time, lost therapy volume, early drain termination,
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and bypass of fill/dwell phases. These parameters are crucial in ensuring that the
treatment is being administered properly and effectively. If any discrepancies
occur, healthcare providers can intervene quickly to avoid long-term complica-
tions [27].

Data visualization (tables and graphs for clinical action): Once the data is transmit-
ted, the Sharesource system provides detailed tables and graphs that visualize treat-
ment data, making it easier for nurses and physicians to interpret the information
quickly. This graphical representation of the data highlights trends and anomalies,
allowing for immediate clinical actions. For instance:

a.Actionable insights: If a patient exhibits poor ultrafiltration over several sessions,
the care team can visually track this trend and adjust the patient’s prescription to
avoid fluid retention or other complications.

b.Remote consultations: Based on the data visualization, clinicians may opt to
schedule phone or video consultations with patients to discuss potential issues,
offer advice, or recommend an immediate clinic visit if necessary.

This visual data helps care teams determine whether immediate action, such as
calling the patient or requesting an in-person visit, is necessary to address any con-
cerns raised by the flagged issues [25].

4.3 Integration of wearables and IoT devices in PD

The combination of wearable devices and the Internet of Things (IoT) has intro-
duced a new way to monitor patients with peritoneal dialysis. Wearable devices, like
smartwatches and biosensors, can continuously track vital signs and other health data,
sending this information to healthcare providers through IoT networks. This real-time
data collection is crucial for PD patients, who require constant monitoring to detect any
deviations from normal health parameters that could indicate a complication [28, 29].

One innovative application is the use of IoT-enabled sensors that monitor the
dialysis process itself. These sensors can track various aspects of the treatment, such
as dialysate flow rates, catheter function, and the composition of dialysis fluids.

This information is then transmitted to a central system where it can be analyzed in
real-time, allowing healthcare providers to adjust treatment protocols promptly if any
issues are detected [30].

A real-world example of this technology in action is a system designed to monitor
potassium levels in PD patients. Potassium imbalances are a common issue in dialysis,
and monitoring these levels is crucial for patient safety [31]. An IoT-based system can
continuously measure potassium levels during dialysis, providing immediate alerts
if levels fall outside of the safe range. This enables healthcare providers to intervene
quickly, preventing potential complications such as cardiac arrhythmias [30].

4.4 Impact of real-time analysis on patient care

Real-time data analysis is a significant advancement in PD management, offer-
ing numerous benefits over traditional methods. With the ability to analyze data as
itis collected, healthcare providers can respond to potential issues much faster than
before, reducing the risk of serious complications and improving patient outcomes.
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For example, real-time analysis of fluid balance data can help prevent both fluid
overload and dehydration, which are critical concerns in PD. By continuously moni-
toring the amount of fluid removed during dialysis, healthcare providers can ensure
that patients maintain an optimal fluid balance, reducing the risk of complications
such as hypertension or edema [32, 33].

5. Enhancing patient adherence and reducing hospitalizations
5.1 Al-driven strategies to improve patient adherence

One of the significant challenges in managing PD is ensuring patient adherence
to prescribed treatment regimens. Non-adherence can lead to serious complications,
including infections, fluid overload, and ultimately, increased hospitalizations.
Al-driven strategies are playing a crucial role in improving adherence by provid-
ing personalized, timely interventions that keep patients engaged in their care. For
instance, Al algorithms can analyze patient behavior and send reminders for treat-
ment sessions, medication intake, or lifestyle modifications tailored to individual
needs. These reminders are often delivered through smartphones or wearable devices,
ensuring that patients receive them promptly, even in their daily routines [34].

Moreover, Al systems can identify patterns of non-adherence and predict which
patients are at risk of skipping treatments. By leveraging machine learning, these
systems can adapt and offer more targeted support, such as educational content or
telehealth consultations, which has been shown to enhance patient engagement and
compliance [35]. The predictive power of Al is essential in addressing the behavioral
aspects of chronic disease management, making it possible to intervene before non-
adherence leads to adverse outcomes [36, 37].

5.2 Remote monitoring and its effect on hospitalizations

Remote monitoring in PD, powered by Al, has transformed patient care by
providing continuous, real-time oversight of patient health outside traditional clinical
settings. This shift has been particularly effective in reducing hospitalizations, as it
allows for early detection and management of potential issues. For example, Al can
analyze data from wearable devices and home dialysis equipment to detect early signs
of peritonitis, fluid imbalance, or other complications. When anomalies are detected,
healthcare providers can intervene promptly, often before the patient experiences
symptoms severe enough to warrant a hospital visit.

Studies have shown that the integration of remote monitoring can lead to a
significant reduction in hospitalization rates among PD patients [3, 38]. The constant
flow of data enables healthcare providers to make timely adjustments to treatment
plans, thus preventing the escalation of health issues that would typically result in
hospitalization [39, 40].

5.3 Impact of remote patient monitoring on survival

A recent cluster-randomized clinical trial published in Nephrology Dialysis
Transplantation demonstrated the significant impact of RPM on survival in patients
undergoing automated peritoneal dialysis (APD). The study involved 21 hospitals,
with patients divided into RPM-APD (403 patients) and conventional APD groups
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(398 patients). RPM-APD patients, monitored using the Sharesource platform,
experienced significantly better outcomes, with all-cause mortality notably lower in
the RPM-APD group (33 deaths) compared to the conventional group (55 deaths).
Additionally, cardiovascular mortality was reduced by nearly half, with 13 deaths in
the RPM-APD group versus 24 in the conventional group [38].

The trial attributed these survival benefits to RPM’ ability to provide real-time
monitoring and early detection of complications such as cardiovascular issues and
fluid overload. By transmitting data directly to healthcare providers, RPM allowed
for timely interventions and prescription adjustments, preventing conditions from
worsening. This proactive management not only reduced mortality but also lowered
the incidence of adverse events and hospitalizations, showcasing RPM’s potential to
significantly enhance patient survival and overall clinical outcomes in APD [38].

5.4 Personalized care plans and patient empowerment

Personalized care plans, supported by Al, play a vital role in enhancing patient
adherence and reducing hospitalizations in PD. By utilizing Al to analyze a patient’s
historical data, genetic information, lifestyle, and even psychosocial factors, health-
care providers can develop highly individualized care plans. These personalized plans
are more likely to resonate with patients, as they consider the unique circumstances
and preferences of each individual, making adherence easier and more sustainable
[41, 42].

Al also facilitates continuous communication between patients and healthcare
providers, offering support and adjustments to care plans as needed. This dynamic
approach to care empowers patients by giving them more control over their treatment
and making them active participants in their health management. When patients feel
more involved and understand the direct impact of their actions on their health, they
are more likely to adhere to their treatment plans [43].

Furthermore, personalized care plans reduce the likelihood of complications that
could lead to hospitalizations. For example, Al can help fine-tune fluid management
protocols for each patient, ensuring that they maintain the correct fluid balance and
avoid the complications associated with both under- and over-hydration.

6. Cost-effectiveness of remote patient monitoring

RPM offers significant cost-saving mechanisms by improving patient outcomes
and reducing the financial burden of complications and hospitalizations [3]. Below
are the specific ways in which RPM reduces costs:

Reduction in hospitalizations and acute care needs: One of the primary drivers
of cost reduction in PD is the early detection and intervention facilitated by RPM
systems. Sharesource and similar platforms provide real-time data on patient
adherence, fluid balance, and potential complications. By detecting issues such as
inadequate ultrafiltration or catheter blockages early, RPM enables timely interven-
tions, thus preventing serious complications like peritonitis or fluid overload that
often lead to emergency hospitalizations. Makhija et al. estimated that in a simulated
environment, RPM reduced the use of healthcare resources and avoided several
hospitalizations, emergency room visits, and unplanned clinic visits, leading to total
cost savings of approximately $23,364 in the U.S., $11,477 in Germany, and $7088 in
Italy [3, 44, 45].
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Optimizgation of prescription and treatment adjustments: RPM systems allow clini-
cians to remotely adjust PD prescriptions in real-time based on transmitted data,
minimizing the need for frequent in-person consultations. This capability optimizes
patient treatment, ensuring that issues like fluid retention or poor dialysis efficacy
are corrected promptly, avoiding the escalation to more serious health concerns that
require costly interventions. Ariza et al. showed that an RPM program could project
cost savings of US$121,233 over 1 year in a cohort of 100 APD patients, driven by
reduced hospitalizations, fewer peritonitis episodes, and a significant decrease in
hospitalization days [46, 47].

Decrease in travel and clinic visit costs: Remote monitoring minimizes the need for
regular in-person clinic visits, which reduces not only travel costs for patients but
also the workload on healthcare providers. Patients who live in rural or underserved
areas particularly benefit from RPM, as they can avoid the time and cost associated
with traveling long distances to specialized centers. This reduction in clinic visits
also frees up healthcare resources, allowing providers to manage more patients with
the same level of staffing [48]. Uchiyama et al. demonstrated that RPM could reduce
unplanned hospital visits, home visits, and emergency room visits significantly, lead-
ing to overall lower healthcare resource consumption [49].

Lower rates of technique failure: RPM systems provide real-time feedback on adher-
ence and technique performance. Poor adherence is one of the major factors leading to
technique failure in PD, which often results in the need to transition patients to more
costly forms of dialysis, such as hemodialysis. RPM mitigates this risk by flagging
non-adherence early and enabling providers to intervene before technique failure

Benefit

Description

Reduction in hospitalizations
(38]

Early detection of complications reduces the need for emergency
interventions and hospital stays.

Optimized prescription
adjustments [46]

Remote data transmission allows for timely modifications to PD
prescriptions, preventing serious health issues.

Decreased travel and clinic
visits [48]

Minimizes the need for frequent in-person consultations, reducing travel
costs and healthcare resource utilization.

Lower rates of technique
failure [50]

Continuous monitoring and early intervention improve adherence and
reduce technique failure rates.

Efficient utilization of
resources [51]

Allows for the management of more patients with the same healthcare staff,
optimizing resource use.

Improved adherence [39, 40]

Real-time feedback and reminders enhance patient compliance with
treatment regimens.

Enhanced patient monitoring
(30]

Continuous monitoring provides detailed insights into patient health,
facilitating better management.

Timely interventions [12]

Early detection of issues enables prompt adjustments and prevents escalation
of complications.

Cost-effectiveness [3]

Reduced hospitalizations and efficient resource use lower overall healthcare
costs.

Better patient outcomes [38]

Proactive management and reduced complications lead to improved overall
patient well-being and satisfaction.

Table 1.
Benefits of remote patient monitoring in peritoneal dialysis.
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occurs. This not only improves patient outcomes but also reduces the long-term costs
of managing technique-related complications [50].

Efficient utilization of healthcare resources: By allowing continuous monitoring of
a large patient cohort without increasing clinical staff, RPM helps healthcare facili-
ties operate more efficiently. Clinicians can monitor multiple patients simultane-
ously, responding only when a problem is flagged by the system, thereby reducing
the need for constant oversight and optimizing staff resources. This efficiency
translates into lower operational costs for healthcare providers, as the RPM system
reduces unnecessary clinic appointments and ensures timely care for high-risk
patients only [51].

Through these mechanisms, RPM proves to be a cost-effective solution in
managing PD patients by reducing hospitalizations, enabling early interventions,
optimizing treatment plans, and decreasing the overall healthcare burden. These
cost-saving aspects make RPM a valuable tool for both patients and healthcare
systems.

Table 1 summarizes the benefits of RPM in patients undergoing PD.

7. Challenges in remote patient management and Al integration
7.1 Data security and privacy concerns

RPM involves the transmission of sensitive health data, making data security
and privacy a top priority. The integration of Al adds to these concerns, as Al
systems require large amounts of data to work effectively. Ensuring the confidenti-
ality and integrity of patient data is a major challenge. Data breaches, unauthorized
access, and hacking are common risks that must be addressed. Strong encryption
protocols, secure data storage solutions, and strict access controls are essential to
protect patient information. Additionally, compliance with regulations like HIPAA
is crucial to safeguard patient data and maintain trust in digital health solutions
(52, 53].

Baxter’s Sharesource platform has taken these concerns into consideration
and it incorporates stringent data security protocols to protect sensitive patient
information. All data transmitted through the Sharesource system is encrypted
and anonymized to ensure that personal identifiers are permanently removed,
safeguarding patient confidentiality. This level of encryption ensures that the data
cannot be retrieved or accessed by unauthorized individuals, making the data
transfer process fully secure and compliant with healthcare privacy standards such
as HIPAA and GDPR [54].

7.2 Technology accessibility and the digital divide

The adoption of RPM and Al technologies is also hindered by disparities in access
to technology, commonly referred to as the digital divide. Patients in rural areas
or those with lower socioeconomic status may lack access to the necessary devices,
reliable Internet connections, or the digital literacy required to use these technologies
effectively [55]. This disparity creates a significant barrier to equitable healthcare
access and can exacerbate existing health inequalities. Addressing this challenge
requires not only improving infrastructure but also providing education and support
to patients and healthcare providers to bridge the gap in technology usage [52].
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7.3 Need for specialized training for healthcare professionals

The successful integration of Al in RPM depends heavily on the expertise of
healthcare professionals. However, many healthcare providers lack the specialized
training required to operate Al-driven tools and interpret their outputs effectively.
This knowledge gap can lead to misinterpretation of data, inappropriate inter-
ventions, or reliance on Al without a full understanding of its limitations [56].
Continuous education and training programs tailored to the needs of healthcare
professionals are essential to equip them with the skills necessary to utilize Al tech-
nologies effectively. Such programs should focus on both the technical aspects of Al
tools and the ethical implications of their use [57].

7.4 Ethical considerations in Al deployment

The deployment of Al in healthcare raises several ethical concerns. One key issue
is the potential for Al systems to undermine patient autonomy by making decisions
that the patient may not fully understand or agree with [58]. Ensuring transparency
in Al algorithms and maintaining a human-centric approach to care is vital to pre-
serve patient autonomy. Additionally, there is the risk of bias in Al systems, which can
arise from biased training data, leading to unequal treatment of patients. Ethical Al
development must include diverse datasets and ongoing evaluation to mitigate bias
and ensure fairness in patient care [59].

In practice, when Sharesource detects complications or inadequate dialysis, the
treating team (doctors and nurses) invites the patient to the clinic. There, the patient
is shown the AI dashboard, which visually explains the issue detected—such as
poor ultrafiltration or catheter problems. The healthcare team collaborates with the
patient, explaining the data and discussing solutions. This ensures transparency and
fosters shared decision-making, helping patients understand their treatment and
maintain autonomy in their care [60].

These challenges highlight the complexity of integrating Al into remote patient
management and how current Al systems like Sharesource are tackling them.
Overcoming these obstacles will require collaboration across multiple sectors, includ-
ing healthcare providers, technology developers, and policymakers, to ensure that Al
and RPM can fulfill their potential to enhance patient care while safeguarding against
risks.

8. Future directions and innovations in PD remote management

As we look toward the future of remote patient management in PD, several emerg-
ing technologies and innovations hold the potential to significantly transform care
delivery and patient outcomes.

Al advancements on the horigon: Al is continuously evolving; however, it is
important to clarify that many current RPM systems, such as Sharesource, already
have advanced capabilities. These systems can detect catheter issues, patient non-
compliance, and other mechanical problems in real time. Therefore, rather than
framing these features as part of a futuristic vision, it should be noted that current
RPM technologies are already addressing these challenges effectively.

36



Innovative Strategies for Remote Patient Management in Pevitoneal Dialysis: The Role...
DOI: http://dx.doi.org/10.5772/intechopen.1007466

However, future Al advancements will likely enhance these capabilities by refining
predictive models and integrating more complex data sets to improve early detection
and preventive interventions. This could involve more precise predictions of compli-
cations like infection risks or long-term treatment outcomes beyond the mechanical
or compliance issues already monitored today [61].

Vision for the future of PD care: The vision for future PD care is one where remote
management systems are fully integrated into the everyday lives of patients, reducing the
need for hospital visits and improving the overall quality of life. Wearable devices and
even implantable sensors may become the norm, offering continuous health monitoring
without disrupting the patient’s routine. The ultimate goal is to create a fully autonomous
management system where Al and machine learning not only detect but also prevent
complications, making PD as safe and convenient as possible for patients [62, 63].

The future of PD remote management will likely see an ecosystem where technol-
ogy, data science, and patient care are more interconnected than ever, paving the way
for innovations that could dramatically enhance patient outcomes and transform the
landscape of dialysis care.

9. Conclusion

The integration of Al and telehealth in the management of PD represents a
significant advancement in the healthcare landscape, particularly for patients with
chronic kidney disease. This chapter has explored the evolution of remote patient
management RPM in PD, emphasizing the transformative role that Al-driven tech-
nologies play in enhancing patient outcomes, reducing hospitalizations, and improv-
ing adherence to treatment protocols.

The historical development of RPM in PD highlights the steady progress from
rudimentary telemedicine practices to the sophisticated, Al-powered systems of
today. These advancements have not only enabled continuous and real-time moni-
toring of PD patients but have also allowed for personalized care plans that cater to
individual patient needs. By leveraging Al for predictive analytics, healthcare provid-
ers can detect complications early and intervene promptly, thereby mitigating risks
and improving overall patient safety.

Although Al and telehealth offer benefits for managing PD, there are obstacles to
overcome, including limited access to technology and the need for specialized train-
ing among healthcare providers. Ethical considerations such as mitigating algorithmic
bias, are also critical in ensuring that these technologies are deployed responsibly.

Looking forward, the continued evolution of Al and telehealth in PD management
promises to further revolutionize patient care. Emerging innovations, such as wear-
able devices and more advanced predictive models, will likely enhance the capability
of RPM systems to provide even more accurate, timely, and personalized care. As
these technologies continue to advance, they will become increasingly important in
shaping the future of PD management, ultimately leading to better health outcomes
and improved quality of life for patients.
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Thanks

Thank you for your time, and I hope this chapter has provided valuable insights
into remote management innovations in peritoneal dialysis and the role being played
by Al in its evolution.

Appendixes and nomenclature

PD peritoneal dialysis

Al artificial intelligence

RPM remote patient monitoring

IT information technology

ESRD end-stage renal disease

IoT Internet of Things

HIPAA Health Insurance Portability and Accountability Act
GDPR General Data Protection Regulation
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Chapter 4
Green/ Eco—Dialysis

Sam Henderson

Abstract

The environmental impact of dialysis, especially Haemodialysis (HD), has been
of increasing concern in research. This chapter will contextualize the concept of
green/eco-Peritoneal Dialysis (PD) within the wider tradition of green nephrology
and green dialysis. It will then provide calculations for electricity consumption and
costs for patients in a typical case and in Gulf Cooperation Council (GCC) countries.
The costs experienced by patients/patient households are discussed in the context of
shared decision-making, equity, and relative environmental impact. The incremental
financial impacts on home electricity bills for adult and pediatric PD patients are
between 0.71% and 1.35% in the GCC. To further contextualize the impact of choos-
ing PD in a green sense, a comparison between HD and Home-HD alternatives found
that incremental electricity and water costs are much higher.

Keywords: environmental impacts, green nephrology/dialysis, equity in shared
decision-making, cost burdens of peritoneal dialysis, health economics, continuous
peritoneal dialysis, automated peritoneal dialysis, number of cycles, Gulf cooperation
council (GCC) countries

1. Introduction

The contribution of healthcare to total carbon emissions is expected to be between
3% and 10% across international comparisons [1-3]. There is a direct link between
the climate impact of emissions that warm the planet and health outcomes [4, 5].

It is expected both input and output variables create emissions at each stage from
production to consumption [6]. Focus over the recent decades, such as on the Global
Warming Potential (GWP) for Greenhouse Gas (GHG) Emissions, the extension of
these mathematically to Carbon Dioxide Equivalence (CO,eq), and relating every-
thing to a weighted CO, equivalent value, has become a greater focus for policymakers
and those in the healthcare space [7, 8].

In the UK, the contribution of water, waste, and direct energy consumption
accounts for over half of the delivery of care segmentation [3]. Looking within the
acute sector alone finds most emissions in all categories [3]. Emissions are produced
now and impact the strength of future emissions [9]. This has been identified in
literature through investigations of dialysis centers [10] and through international
standards, such as the Task Force on Climate Related Financial Disclosures (TCFD)
and the International Sustainability Standard Bureau (ISSB) [11, 12]. Meanwhile,
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definitions also sit with governments and policymakers [13]. The use of such
blanket measures like an equivalent weight of carbon is criticized; the translation
of an expected emission into warming the environment does not correlate [14].
However, it can be useful to view all impacts on the same scale, allowing for direct
comparisons [1].

Nephrology services are considerably intensive given the acute nature of end-stage
kidney disease (ESKD), treatment for kidney diseases, and Haemodialysis (HD) [15].
Peritoneal Dialysis (PD), by contrast, is seen as a lighter option in terms of its envi-
ronmental impacts and comparable costs. This is quite natural given the differences:
Treatment at home versus in a hospital, lower staffing ratios, no building upkeep
related to treatment, and using the patient’s own and already existing resources [16].
In other analyses of dialysis and its environmental impact, we can see there are key
performance indicators, one of which is the electricity consumption measured in
kilowatt-hours (kWh) [17].

1.1The climate debate and nephrology

There are new fields or subcategories of study that aim to outline the various
impacts of nephrology treatment options and services provided on the environment
[18]. These created disciplines and traditions will contextualize the impact on the
environment in terms of efficient provision of care when treating kidney diseases
and establish guidelines on how to improve environmental sustainability [19]. When
nephrology is considered a resource-intensive activity [15], it is suggested that regula-
tions be established to address that intensity [20].

However, there are other considerations around how the burden gets counted
in terms of measuring the impact and whether the provider is responsible for the
impacts generated by the supplier of goods or whether the supplier is responsible [21].

1.2 Green nephrology

Green Nephrology exists to contextualize environmental impacts by identifying
and discussing ways in which the provision of nephrology services for the treatment
of kidney disease can be more efficient [22]. It will help mitigate the processes of
climate change and subsequently reduce the future burden from carbon emissions
on kidney health [22]. There are multiple perspectives in the sense of what emissions
are included; we can look at nephrology as a field of medicine wholly influential
in its own ecosystem or as a department in one or many hospitals [10]. We may
look at wider environmental concerns that increase the pace of climate change and
how impactful these increases affect trends in Acute Kidney Injury (AKI) and the
incidence of kidney disease [23]. This Green Nephrology is located beyond single
treatment options and considers infrastructure, social factors (transport), a dialysis
session itself if appropriate, and the overall relationship between direct emissions and
knock-on consequences [24]. This field discusses impact in terms of carbon dioxide
equivalent weight, which will be “emitted” through various stages of care supply
and provision [22]. Key authors have been branching into policy considerations and
other decision-making advocacy areas aimed at creating a full discipline of Green
Nephrology [18]. The key recommendations from this field lead to practical altera-
tions in practice and help reduce overall expected climate impacts [25]. Moreover,
it seeks to reduce the large and increasing burden of disease, which nephrology is
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associated with, by reducing the stressors on the environment, thereby alleviating
some of the forecasted outcomes [23].

1.3 Green or eco-dialysis

Within green nephrology is green dialysis—or rather, the impact of the individual
session of dialysis, whether HD, PD or the full patient journey in each modality [26,
27]. The dialysis session is at the heart of care and adjusting adoption rates to accom-
modate effective changes will reduce the overall impacts on the environment.

Not reducing what matters in terms of true carbon emissions, though, can have
adverse consequences [28]. In this review we will look at the session in terms of its
active consumption of various units, such as electricity [17]. Efficiencies can still
be obtained by doing logical actions, switching machines off when not in use, and
attempting to reduce consumable use or waste where possible; these will be meaning-
ful and have long-lasting impacts [29].

Here the literature has primarily been applied to Haemodialysis due to its expected
heavier nature versus PD [10, 15, 20, 23, 27, 30-35], although there are studies
that have been produced, that do focus on PD in terms of carbon footprint as well
[25, 29, 36, 37]. The body of work is often hampered by a lack of data or the need for
substitution of certain values [38]. In works that do consider PD utility consumption,
there are often estimations for the electricity consumed per session [25] or no estima-
tion [37], which can make it difficult to have a firm grasp on what will happen when
choosing PD in terms of additional burdens that may not otherwise be generated.
Lastly, when we do understand the burdens, we will need to be mindful of the burden
that is transferred to patients [27].

2. Peritoneal dialysis in the modern era

Healthcare’s continuing ability to support demands in the market will continue to
pressurize governments to act [4, 5]. Environmental impacts further compound the
pressures with warming targets and points of no return [28]. Moreover, when it comes
to PD, the flexibility of home care and the reductions in resource utilization will be
beneficial from a budget perspective [16]. Environmental impacts are also judged less
in PD versus HD, where they can be jointly assessed [29, 37]. Therefore, it would also
be logical that PD offers an option for healthcare professionals to provide adequate
care AND help the environment, in so doing performing “Green Dialysis.” Less impact
is not no impact [25], and there is always going to be room for efficient delivery of
care in any health system [3, 38].

2.1 Modern peritoneal dialysis (PD)

In Modern PD we see informed decision-making become part and parcel of
the Shared Decision Making (SDM) process [39]. Having the tools and informa-
tion enabling informed conversation is paramount [40]. Continuous Ambulatory
Peritoneal Dialysis (CAPD) is a notable therapy option; it tends to be cheaper than
Automated Peritoneal Dialysis (APD) owing to the lack of a cycler and the flexibility
of being able to do exchanges at your own convenience at different points in the day
[16]. Of the therapy options, CAPD is considered the lightest, as it does not consume
electricity outside of normal daily use [25]. So even when considering the dialysate
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production cycle, the delivery of the medication, and the disposal of the waste cre-
ated [29, 41], it has a lighter impact [25, 37]. APD does consume electricity through
using the cycler machine. It is done, often overnight, from between 8 and 12 hours,
an average of 10 [42], and delivers a prescription that can be further tailored
remotely if the feature is enabled [43]. When patients perform dialysis at home, their
personal resource consumption will increase. This may be a slight increase given the
cost of the therapy in total (this analysis), but it is an area where incentives can be
deployed to encourage the home option, particularly with recent acute shocks such
as COVID-19 [44].

This positions PD well, however, one of the many impacts on people in the last five
years has been the sharp increase in bills related to energy, world turmoil has pushed
supply-side factors and prices have risen [45]. Energy markets have ridden the waves
of these increases, and the costs are passed on to consumers [45]. Here, PD and other
home dialysis options can have material consequences for patients.

APD, when performed overnight, will incrementally impact a patient’s energy
bills. CAPD can, depending on availability in the market, be expected to have certain
quality of convenience options too [36, 46], in the form of portable warmers. These
will take a small electricity cost [46], and given it is reasonable to expect some impact,
CAPD electricity costs are included for the purpose of our review.

2.2 The data gap - The patient perspective

The lack of data for professionals wishing to quantify these impacts [38] is appar-
ent here. The options to resolve this are to use the details provided in other publica-
tions [25, 37], clinical literature where appropriate [42, 47], or to quantify some
reasonable assumptions [36, 48]. There is very little in the way of finding out the
expected power consumption of the APD machine, as manufacturers do not routinely
publish facts such as the expected power consumption of their devices during opera-
tion. In this respect, as with other analyses, the electricity costs are seen as negligible
[24, 49]. However, the financial impact, like the costs to patients, is seen as a barrier to
choosing home dialysis modalities and should be addressed with the patient through
education and discussion [50].

Societal costing is a factor that exists in cost-effectiveness papers and budget
impact models [51]. In such comparisons between HD and PD options, the utili-
ties (water and power together) are referred to and quantified collectively [16, 51].
Healthcare professionals, meanwhile, will want to have the fullest discussion with
patients [52].

3. Patient perspectives - Overview of the analysis

The cost is incremental, and there is imperfect information. When considering
patients who want to be informed in terms of what treatment options are available
to them, the expected pros and cons are needed as part of that discussion [39, 52].
Outside of the therapy choice they are best indicated for, reasons for which will be
outlined better elsewhere [42, 47], material and lifestyle impacts are key factors that
can open or block therapy take-on [50, 52]. Household budgets are increasingly under
constraints [45]; additional spending on healthcare can make the difference in the
affordability of treatment often crucial to survival or the lasting impact it will have on
household finances [53].
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3.1 Peritoneal dialysis

PD does not require the direct consumption of water, a considerable factor in HD
[35], and is known to have flexibility in further reducing impact [25]. This section
will separate out the expected electricity consumption in units (in this case we refer to
the unit consumed, denoted as kilowatt-hours [kWh]). The related cost of each unit
has been outlined in other studies and can be localized to a country or utility company
[20, 23, 25, 27]. Broadly, cost as a measure may take a physical monetary value (ina
currency) or an environmental impact value (in terms of kilograms of carbon dioxide
equivalence [Kg CO2eq]).

Through the provision of APD and CAPD modalities, electricity consumption is
likely to occur; the use of the cycler machine as part of APD will result in the direct
consumption of electricity [25, 37], and if the patient uses the quality of convenience
device to warm the dialysate, there is an electricity cost associated [37, 48]. The rule
of thumb is there are between 8 and 12 hours of dialysis needed to affect good dose
adequacy [42, 47]. Meanwhile, CAPD is characterized by the number of exchanges
per day [42, 47, 54].

3.2 Methods description

The analysis will identify a series of average or typical estimations for APD and
CAPD modalities on a per-session basis, then extrapolate the results into yearly,
annualized results.

The assumptions are that treatment will be seven days a week for a full year of
fifty-two weeks. Real-term values derived per session will be multiplied by seven
days for a week, multiplied again by 4.33 for weeks per month (52 divided by 12), and
multiplied from monthly values by twelve for annualization.

There is a variance between the available data. We will employ averages through
the summation of each option and dividing them by the number of options. There will
be a series of low, average, and high estimated impacts created from each typical ses-
sion detailed in this section, while later we will work only from the typical or average
and suggest the use of the range of data if applying to different contexts as needed.
Offering sight of the variability will also allow for contingency and flexibility when
understanding reimbursement of costs, as some countries choose to offer [27, 55].

When localizing the costs for a particular country, an understanding (from an
average perspective) of household sizes and the economies of the household will be
required [56]. This is so we can have a relative perception of whether costs will be
impactful or not [56]. Moreover, we will use standard economic data as reported from
the World Bank [57-60] to enable discussions of the impact in context.

3.3 Results of the patient perspective per session

We are fortunate there are some reference points we can use for an understanding
of the current costs to expect per session of PD. We have a few options to offer sug-
gestions on the overall consumption per hour of APD machines. McAllister et al. [25]
performed an investigative procedure with one APD machine and recorded its total
Watt-hour (Wh) expectations for a single session. The UK has been harder hit than
most countries due to the cost-of-living crisis [45]; efforts from the Welsh-Kidney-
Network (WKN) [48] led to offering a request system for reimbursement with a local
energy provider [55] through a cost calculator.
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These options yield the estimations we outline, noting that the overall average in
Table 1 concerns per hour as well but assumes 10 hours per session. If we use these
values as the best available data, we assume that APD can take place over 8-12 hours
in a typical case [42]; therefore, we may outline the relative values as in Table 2.
Taking the Wh values of Table 1 and multiplying per hour can provide the variations
of the expected potential consumption of electricity.

We may also be able to deduce a reasonable range through which we can posit
various cost analyses to rationalize the prospective patient energy bill burden. From
Table 2 we may view the low (minimum) and high (maximum) estimations as laid
out in Table 3.

If we wanted to account for different patient populations, i.e., different age demo-
graphics, it is helpful to view the potential options for electricity consumption from
a stated average or typical perspective. In a well-cited handbook, overnight APD was
suggested to be 10 hours per session per week for adult patients [42, 47]. Fortuitously,
arecent environmental impact assessment in children offers us a glimpse into a varia-
tion in the number of hours for pediatric patients in the form of 11.2 hours per session
per week [37]. Combining these expectations as the typical case with the average
hourly consumption outlined in previous tables using the reference values provides us
with the outcomes as per Table 4.

McAlisteretal. =~ WKN APD minimum  WKN - Reimbursement  Overall average

APD [25] estimate [48] (APD) [48] [Noted below]
Per PD Session 62.9 (52.5-78.7) 100.0 250.0 1377
Per Hour
(in Watts)
Table 1.

Key references for APD cycler electricity consumption per hour per session.

Number of hours ~ McAlister etal. WKN APD WKN - Reimbursement Overall average

per PD session [25] (Wh) minimum estimate form APD [48] (Wh) [Mean values]

per day [48] (Wh) (Wh)

12 754.8 1200 3000 1652

11 691.9 1100 2750 1514

10 629.0 1000 2500 1376

9 566.1 900 2250 1239

8 503.2 800 2000 1101
Table 2.

Estimated variations in Wh consumption per session at different numbers of hours per session per day.

Range of unit consumption Low High

Wh per session 503.2 3000.0

Wh per session (Avg.) 1101.1 1651.6
Table 3.

Low and high estimations for Wh consumption per results and per the overall average.
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Number of hours McAlister WKN APD WKN - Overall
per PD session per etal. [25] minimum Reimbursement form average
day [37, 42, 47] estimate [48] APD [48]
Adult 10.0 6299 1000.0 2500.0 1376.6
patient APD
Pediatric 11.2 705.5 1120.0 2800.0 1541.8
patient APD
Table 4.

Textbook and literature examples for APD electricity consumption in Wh in adults and pediatrics in terms of the
expected number of hours.

Varying the time on the cycler to account for differences in residual kidney func-
tion or other factors that affect the prescriptions or compliance [42], we may outline
the potential consumption as follows per session or per hour, as in Table 5.

There may be some start-up times for the APD machine that are considered
within the values presented. This is because we are dealing with averages that
also account for lower and upper limits, which already include the startup of
the machine (expected for ~1 minute to reach operational functionality) and
assume setup times are part of treatment time. Viewing this from a conservative
standpoint, half an hour of setup time is accounted for within the overall session
time and was assumed inclusive for reimbursement purposes [48]. Though for
reimbursement purposes, the electricity consumption was higher than from the
investigated values [25, 37, 48].

Lastly, for CAPD, it is expected that the treatment administration is done within
resources with only the additional electricity coming from a dialysate warming device
[36, 48, 55]; it is suggested [48] that it be more eco-friendly to have it always on.
Therefore, we outline the expected consumption as Table 6.

The key values taken forward for the practical application are the averages in
Table 5 and the values in Table 6 in Wh. We noted earlier we need kWh, which is
1000 Wh; therefore, the values in Wh will be divided by 1000 to be represented as
kWh. No other changes are made to the resulting values.

Per session Per hour
Range of unit consumption Low Average High Low Average High
Adult patient Wh 629.9 1376.6 2500.0 63.0 1377 250.0
Pediatric patient Wh 705.5 1541.8 2800.0 63.0 1377 250.0

Table 5.
Expected low, average (mean), and high estimations per session and per hour, Wh consumption for adults and
pediatrics.

CAPD fixed power use assumption Per hour Per24 hours per day
CAPD machine for warming dialysis fluid (Wh) 30.0 720.0
Table 6.

CAPD electricity estimation from treatment.
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4. Gulf Cooperation Council (GCC) countries

We know conclusions from these derived values can vary considerably in this
space [1-5, 10, 15, 20, 23, 27, 31-34, 36-38]. The analysis of electricity costs borne by
the patient must be localized within a given jurisdiction.

In the previous section we covered the estimations; in this section we will cover
the nuances of the countries and their related tariffs. Countries that make up the GCC
states are Saudi Arabia, United Arab Emirates (UAE), Kuwait, Oman, and Qatar. Each
of these countries is part of the Middle East region, which not only has higher than
most daily temperatures [61] but also has a higher incidence and prevalence of ESKD
[62]. A burden that is not only already impactful from a budgetary perspective but
also is expected to rapidly and problematically increase over time [63].

Environmental sustainability has become an ambition for this region [64], and
research on this region has quantified various societal or health impacts on the
utilization of utility resources, namely electricity [65-71]. Moreover, factoring in the
increasing prominence of issues around water scarcity, security, and usage [72-81], in
addition to the often-referenced Water-Energy-Food Nexus [82-84], the GCC region
offers a unique intersection across many disciplines.

4.1 Climate advocacy and participation in global initiatives in the GCC

Government-led climate initiatives in GCC countries will eventually exist to
encourage participatory changes in the healthcare space given the high consumption
of resources expected and within established national and international frameworks
for transformation [85]. The recent hosting of the United Nations Conference to
Combat Desertification (UNCCD) Conference of Parties (COP) 16 in Riyadh,

Saudi Arabia, and the United Nations Framework Convention on Climate Change
(UNFCCC) COP28 in the UAE are two example milestones reflecting regional
participation in global initiatives [86, 87]. The growing importance of environmental
concerns is going to continue to drive entities operating in these countries, whether
public or private.

4.2 Healthcare systems in the GCC

Healthcare systems in the GCC, in addition, are undergoing national transforma-
tion projects in line with these ambitions [85]. Where outlined in recent literature,
nationals in the GCC of their respective countries are fully covered for their health-
care costs, and have access to treatment in public, semi-public (privately owned state-
contracted/budgeted), and private hospitals if they have additional health insurance
or are participating in certain sectors of public life [88-100]. Expatriates are usually
covered for healthcare needs through insurance schemes, and these are either manda-
tory or voluntary, while coverage of the specific treatment would vary according to
the plan [88-100].

GCC countries have complex structures that inform their health services capac-
ity, adoption rates for the modalities, the patient journeys, and how they differ from
those in other markets [88-100]. Saudi Arabia has multiple health sectors and is
moving toward accountable care organizations [101] to better manage the complex-
ity. The UAE is structured for now with multiple organizations providing care for
nationals [102], though signs point to consolidation at the federal level in the future.
Qatar has a more symbiotic relationship between public and private provision of
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healthcare services, having semi-public entities cover 90% of healthcare [102].
Kuwait, Oman, and Bahrain have relatively straightforward health sectors, having
one main payor through a main authority, which covers nationals within the urban
centers and more rural areas [97-100]. Kuwait, though, it should be mentioned, has
an additional mechanism (or desire if Afya is rescinded, or folded under the Ministry
of Health Care as a pathway) for covering aged/retiree citizens under private care
[103]. Comparisons worldwide are understandably difficult, reducing the ability to
allow for more general frameworks to translate well across national (or sub-national)
boundaries. The desire to pursue universal health coverage and increase access to
care [88-100] means that for treatments like dialysis, the burden on budgets over
time will increase.

4.3 ESKD patient journey in the GCC

The complex structures controlling the funding of care, which can be a substantial
cost [62, 63], will have patient journeys in each case related to whether there are
centers under direct public control or under a specific sector [104]. It was noted that
between 94 and 100 percent of HD patients were living with family or friends during
their treatment [104], a factor that seems logical to extend to PD. Most households are
expected to have between 3 and 8+ people within the primary household [105], and
as an assumption, we will assume an average household size of 4.4 people per typical
household [56].

The split in modality choice for PD will also depend on the history and from
where the patient is located geographically [104, 106-109]. From a recent study on
the GCC PD populations [62], the percentage of patients with PD, the APD split,
and the division between nationals and expatriates were reported. Multiplying the
percentage stated and total number of PD patients, rounding up, gives the following
populations (Table7).

Kuwait, Qatar, and UAE have a greater than 50% split of PD patients who are
expatriates [62] and 66%, 34%, and 87% APD patients respectively. Bahrain and
Oman, by contrast, were entirely nationals, with higher APD splits (100% and 89%,
respectively), and Saudi Arabian patients are mostly nationals as well [62], with
between 3 and 4.5% expatriates covered and 79% APD adoption [62, 104]. Those
expatriate patients would be using the private sector or charity to cover their treat-
ment costs [104], so higher costs in general are less desirable, especially if treatment is
not covered by insurance [63].

However, this analysis is a snapshot in time, only appropriate if elements used to
localize the cost values remain reasonably true. If needed to apply to more specific
circumstances, i.e., sessions within one clinic or other countries or sectors, the per
hour or per session averages for kWh consumption from the previous section should
be used and combined with whichever choices are appropriate to model cost and
impact on the environment.

Bahrain Kuwait Oman Qatar KSA UAE
Number of APD patients 45 167 245 84 1014 134
Number of CAPD patients 0 86 30 161 319 19

Table 7.
Patient numbers for APD and CAPD derived from AlSahow et al. [104].
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4.4 Electricity costs for GCC countries

Except for Kuwait, the GCC countries institute tier-based pricing tariffs (tier 1
charges on the first x kWh, tier 2 the next x kWh, and so on) through their related
authorities for electricity, which will be calculated based on total monthly consump-
tion in kWh [110-117]. Kuwait’s electricity costs are a flat charge per kWh [115], so
they remain the simplest of markets to address; however, there are subsidies in place
for nationals to offset their electricity costs [61]. Bahrain incorporates subsidization
for its citizens within their primary property but charges more for multiple properties
[112]. Qatar outright exempts their citizens from paying the electricity bill for their
primary residence [112], though as it was reported that ~76% of PD patients were
expats [62] (thereby not exempt), we include their cost perspective. Saudi Arabia,
for example, has a particular charging structure, which incorporates total amp load
experienced by a customer’s breaker as part of the monthly bill [110]. It is part of how
the authority for electricity provision handles billing and services when directly inter-
facing with their customers [111]. UAE charges VAT at 5% on the total bill, while also
applying a surcharge for electricity use in addition to the tiered tariff setup [116, 117].

4.5 Results

Figure 1 details the expected kWh consumption from a typical GCC household;
the data is from 2014, where there was a reported Cumulative Average Growth Rate
(CAGR) from 2000 to 2014 which can be extended to the values to assume for 2024
values. Taking total household consumption per month (kWh) from Figure 1 as
a base per household will determine the respective tariff used to calculate overall
electricity costs (Table 8).

9,000.0
£,000.0 7,702.6
7,134.1
7,000.0
6,000.0 5,733.7
4,911.5
5,000.0
4,178.8 4,185.5
4,000.0
3,000.0
2,000.0 1,750.6 1,621.4 1303.1
8497 1,118.2 951.3
1,000.0 l
Bahrain Qatar Kuwait Saudi Arabia Oman
Figure 1.

Data from World Bank [58-60]- last reported kWh per capita for each country, adjusted to 2024 using reported
2000-2014 Cumulative Ave rage Growth Rate (CAGR) multiplied by the assumed number of people per
household (4.4 MENA Average [53]), to get total Household kWh Consumption per month. Blue Bars—kWh
Per Capita Consumption (per Month) World Bank [58—60]. Orange Bars—Total Household Consumption per
Month (kWh).

54



Green/Eco-Dialysis
DOI: http://dx.doi.org/10.5772/intechopen.1009183

Country Respective electricity Respective electricity Main unit Exchange rate local
tariff per kWh (Local tariff per kWh local currency currency to USD
currency) [110-117] (USD) [118]
Bahrain 0.016 $0.043 1BHD 2.66
Qatar 0.180 $0.049 1QAR 0.27
Kuwait 0.002 $0.006 1KWD 324
UAE 0.320 $0.087 1AED 0.27
Saudi 0.180 $0.048 1SAR 0.27
Arabia
Oman 0.018 $0.047 10MR 2.60
Table 8.

Respective GGC country electricity tariffs and velative currency conversion to United States Dollars ($, USD).

Using Table 8 and the per-session unit consumption from Table 5, we can calcu-
late the following average costs for APD patients (Table 9).

In this we outline the cycler’s electricity consumption, assuming the time on cycler per
session [37, 42, 47], and the consumption expectation derived from the literature [25, 48].

Repeating for CAPD. The costs for adult and pediatric patients on CAPD were the
same regardless of demographic and the only variation was found in each country’s
respective tariffs, Table 10 (below):

Extending the analysis to the total cohorts of patients reported in Table 7, we
calculate the total average burden both in terms of kWh electricity consumption and
in average cost for adult APD per country as follows (Table 11).

Adult CAPD patient cohorts are also considered and represent the following total
average burden per country (Table 12).

4.6 Relative impact on electricity bills in GGC countries

To calculate the impact, we refer to available data in the public domain, finding
the Gross National Income per capita per country from World Bank Sources [58-60]

Adult patients Pediatric patients

Country Per patient cost per Per patient cost per Per patient cost per Per patient cost per

month ($, USD) year ($, USD) month ($, USD) year ($, USD)
Bahrain $1.78 $21.31 $1.99 $23.86
Qatar $2.06 $24.76 $2.31 $27.73
Kuwait $0.27 $3.25 $0.30 $364
UAE' $4.53 $54.40 $5.08 $60.93
Saudi $2.00 $24.03 $2.24 $26.92
Arabia
Oman $1.95 $2341 $2.18 $26.22

“Includes VAT and surcharge [116, 117].

Tableg.
Average patient consumption values on APD modality for adults and pediatrics versus expected consumption in
kWh as per Table s.
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Adult and pediatric patients

Country Per patient cost per month ($, USD) Per patient cost per year ($, USD)
Bahrain $0.93 $11.14
Qatar $1.08 $12.95
Kuwait $0.14 $1.70
UAE' $2.37 $28.45
Saudi Arabia $1.05 $12.57
Oman $1.02 $12.24

“Includes VAT and surcharge [116, 117].

Table 10.
Average patient consumption values on CAPD modality for adults and pediatrics versus expected consumption in
kWh as per Table 6.
Country Number of adult APD Total estimated average yearly Total estimated average yearly
patients nationally electricity consumption on APD electricity cost on APD ($,
(kWh) UsD)
Bahrain 45 22,531.91 $958.80
Qatar 84 42,059.56 $2079.87
Kuwait 167 83,618.42 $542.17
UAE* 134 67,095.02 $7289.56
Saudi 1014 507,719.00 $24,370.51
Arabia
Oman 245 122,673.72 $5735.49
Table 11.

Average electricity consumption (kWh) and electricity cost to patients for adult APD patient cohorts nationally.

Country Number of adult Total estimated average yearly Total estimated average
CAPD patients electricity consumption on yearly electricity cost on
nationally CAPD (kWh) CAPD ($,USD)

Bahrain — N/A N/A

Qatar 161 42,162.42 $2084.95

Kuwait 86 22,521.54 $146.03

UAE* 19 4975.69 $540.59

Saudi 319 83,539.21 $4009.88

Arabia

Oman 30 7856.35 $367.32

Table 12.

Average electricity consumption (kWh) and electricity cost to patients for adult CAPD patient cohorts nationally.

and comparing them with the calculations in Table 9. We assume the patient loses
no productivity from choosing PD and would have access to income in line with the
average. The results are as follows (Table 13).

Deficiencies in productivity or loss of income will strain the financial aspects
patients will be facing. It is likely that patients will already be experiencing these and
other stressors because of their condition [50, 52]. The incremental impact on the
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Country Gross Total average Total % of Total average Total average
National cost of electricity costs  incremental cost  incremental cost of
Income electricity versus GNI per of adult APD adult APD in % of
(GNI) per pertypical household total bill
capita household
Bahrain $53,502 $2241.78 419% $21.31 0.94%
Qatar $108,491 $3442.22 317% $24.76 0.71%
Kuwait $56,132 $446.11 0.79% $3.25 0.72%
UAE $69,134 $4515.03 6.53% $54.40 1.19%
Saudi $52,372 $2896.21 5.53% $24.03 0.83%
Arabia
Oman $34,272 $1849.57 5.40% $23.41 1.25%
Table 13.

Comparisons of average electricity costs, average percentage impact of electricity costs, average adult APD
incremental electricity cost, and average percentage impact on total electricity bills from APD.

electricity bills that could be expected for a patient choosing PD, on average, will
be between 0.71% and 1.25% additional per year in costs. While Table 12 reported
for adult APD, it is likely between 0.81% and 1.35% for pediatric patients (due to
the increased time on cycler [42, 47]). In CAPD, the average impact is likely to be
between 0.38% and 0.70% for adults and pediatrics.

5. Shared decision making: The relative implications of PD, equity in
dialysis and the environment

Shared Decision Making (SDM) is the practice of making sure the patient is
having an informed conversation around the choice of therapy [39]. The mindset
shift relates to applying as much empathy to the process as possible to affect the best
outcomes so that the duty of care to inform fully is fulfilled [39, 40, 54]. The electric-
ity consumption for CAPD is assumed to be nil and a boon for choosing the modality
in SDM discussions, while not being seen as a negative in terms of SDM for APD [54].
The patient’s financial stress must be a consideration [119], even if the costs are small.

5.1 Comparisons directly with the alternative HD options

The patient may be put off choosing PD if the incremental costs are discussed
in isolation. Alternative dialysis treatment options such as In-Center Haemodialysis
(ICHD) or Home Haemodialysis (HHD) should also be included in discussing dialysis
choices. HD modalities have additional costs related to electricity and water con-
sumption along with other significant out-of-pocket expenses if performed at home
rather than in a clinic or center [120].

To cover this briefly, we note a recent study assessing the differences in HD
modalities in Saudi Arabia [35] (adults undergoing ICHD and Hemodiafiltration
(HDF) specifically) and report the following electricity and water consumption per
patient per year (Table 14):

The use of a Reverse Osmosis (RO) machine, which would be used to facilitate
the production of the high-quality dialysis water used during each session and be
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required for disinfection [27], was not included in the study as the comparisons were
solely within HD, and the water production and electricity usage were considered
part of the clinic’s overheads regardless [35].

Extending this work, combining it with the available information we have con-
sidered in this review [48, 56], we see that electricity consumption is expected to
drastically increase to 1742 kWh per patient per week [48], and water consumption
would be as high as 3.15 cubic meters (m®) per patient per week [48]. HHD has such a
large water cost due to the RO system and the process of rejecting up to 75% of water
as non-viable and therefore increasing consumption drastically [24].

Annualizing the consumption and the cost, comparing to the household totals
using this chapter’s methods, yields the following results (Table 15):

With the per patient per week consumption of 17.42 kWh [48], the per year
consumption is 905.14 kWh, and the cost would equate to $43.45 or 1.5% incremental
expenditure on electricity bills. Saudi Arabia’s household water consumption has
been estimated to be 300 L/day [122]. When annualized, this means a household
consumption of 491.04 m3 and $695.91. Calculating the water use, though, shows an
incremental cost of $228.06 or 24.7%. Overall, a patient on HHD would be expected
to incur, on average, $271.51 or 7.0% incremental expenditure on bills per year.

Figure 2 highlights the differences in percentage incremental cost impacts from
HHD, HD, and PD modalities. Water and electricity are charged separately so the
incremental costs are considered separate from each bill’s perspective. ICHD patients
are part of a clinic or ward’s cohort, so there is some mitigation through economies
of scale. In HHD, the patient will have significantly increased water bills, which will

Consumption Adult patient yearly consumption, HD,on  Adult patient yearly cost, HD, on average
unit average [35] HD (USD) [35]

Electricity, kWh 461.00 $22.13

Water, m® 29.24 $35.08

Total N/A $57.21

"Costs adjusted for vesidential tariffs devived from this chapter’s reviewed sources [110, 111, 121].

Table 14.
Average per patient yearly consumption in respective utility units for electricity and water in Saudi Avabia during
a typical dialysis session within a clinic [35].

Country Total average Adult HHD patient,on  Average adult HHD Total average
household cost average, unit [35, 48] incremental cost incremental cost of
(USD) (USD) HHD in % of total bill
Electricity $2896.21 905.14 $43.45 1.5%
(kWh, USD
cost)
Water (m’, $695.91 163.78 $228.06 24.7%
USD cost)
Total (USD $3592.12 N/A $271.51 7.0%
cost)
Table 15.

Comparisons of average electricity and water costs for home haemodialysis in Saudi Arabia with average
percentage impact on total electricity and water bills.
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Figure 2.

Data from vespective impacts in percentage terms of incremental spending on each bill and combined Water and
Electricity in Total in Saudi Arabia. Blue Bars—Average Incremental Cost in % of total bill, Electricity. Orange
Bars—Average Incremental Cost in % of total bill, Water. Green Bars—Average Incremental Cost in % of total

bill, Total.

increase the overall utility bills commensurately. This should adequately confirm that
PD costs are more manageable and re-center informed choice around the medical
benefits of the available options.

5.2 Equity in dialysis treatment

There is bidirectionality of decision-making between patients and physicians
[123], affording the patients themselves the chance to become aware of cost impacts
during the Option Talk phase [39, 123]. Knowing that this decision rests in part with
them [124] and expanding these discussions as appropriate should lead to better
choice satisfaction [50, 52, 54, 125].

The impact of HHD has already raised questions around equity due to the shift
in budget from payor/provider to household [27, 53]. In all cases, healthcare profes-
sionals will strive to provide the best care with the best outcomes [119, 126], but the
incremental impact of the electricity consumption from a choice to utilize APD or
CAPD was not enough to shift any of the typical scenarios into a higher tariff tier for
any GCC country.

The same could not be said with HHD; the typical household water tariff
increased in Saudi Arabia to the next tier due to the increase in water consumption,
moving from between 31 and 45 m3 to between 46 and 60 m3 [121], the impact of
which is a difference of $31.53 per year. Additionally, HHD requires home instal-
lation costs, including the physical home installation of the machines, additional
staff costs, and inconsistent protocols across countries limiting remote care options
[16, 27, 32, 52].

The overall cost of treatment is high [63]. Dialysis patients can receive a reim-
bursement to cover the costs of home care in terms of dialysis utility consumption
as in Canada [27], Australia [10, 25, 31, 33], and per the reference example in Wales
[48, 55]. Reimbursement can further unlock the pathway for patients to achieve the
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Figure 3.

Data from International Energy Association (IEA) derived kg per kWh from Emissions per electricity production
and total electricity production [127-132]. Ovange Bars—Total Estimated Average Yearly Electricity based
Carbon. Emission per Patient (Kg CO,). Blue Line—Kg CO, per kWh.

outcomes they will prefer and is likely to offset some of the equity challenges. Yet in
comparison to HHD, PD remains cheaper to implement.

5.3 Social cost of carbon

Given values outlined in Tables 11 and 12, should the discussions around the
intensity and impact on the environment from dialysis also be shifted to patients
through tax (dis)incentives, then attention must also be paid to the relative carbon
impact as is covered in the literature [10, 23, 25, 27, 36].

Using respective country data from the International Energy Agency (IEA) pro-
files online regarding emissions and electricity generation, we can assume an impact
of kg carbon emissions per every kWh consumed (Figure 3) [127-132].

When compared to other markets where assessments of PD carbon footprints have
been made, such as China [36] and Australia [25], the carbon emissions are broadly
in line with one another (1.19 kg and 1.29 kg CO, per kWh, respectively [133, 134]).
However, as we have also mentioned, this is not necessarily going to tackle climate
change unless the measures that you are reducing have a direct impact on reducing
carbon dioxide emissions [28].

It will be the case that reducing the prescription or time on cycler will have an impact
on reducing the carbon footprint of PD [25], but this should always remain in the hands
of the treating physicians to judge what is best for the patients in their care [25, 119].

Applying a cost to carbon consumption would also require caution, as reporting
the carbon emissions in CO,eq can be done with different perspectives on the way
to the household. It therefore needs a comprehensive approach to judge the correct
impact at the correct point in the lifecycle. Furthermore, the adoption of home-based
dialysis has been shown to reduce the consumption of healthcare resources either in
hospitals [43] or through telemedicine-based savings [43, 126]; attention is needed
here too to avoid laboring the patient with costs otherwise accounted for.
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6. Conclusion

The hope from this chapter is that there are clearer estimations of the cost and
access to starting assumptions to improve decision-making. The objective was to
understand what costs and burdens a typical patient may encounter so that there is
greater information available for the needed SDM conversations with patients.

The wider implications of an increase in patients on therapy options will affect any
given country. The imperative to gather the actual running cost during a session of
dialysis should be clear, and further research is needed.

Since the prevalence of ESKD in the Middle East region will continue to rise and
therefore contribute to climate change through increased volumes of sessions, further
research will be necessary to monitor the overall environmental and societal burden
PD and other dialysis represent.

The consideration of and preparation for the electricity-based costs can form a
good base from which other conversations around the benefits of PD can occur with
patients, across providers, in healthcare sectors, and with manufacturers or sup-
pliers directly. The application of this research, which focuses on the specified unit
consumption within a session, will be scalable. Comparable to other contexts and
configurations in terms of costs, consumption, and economics.

Overall, given the low incremental impact on electricity bills identified, the impact
of choosing PD remains a manageable and viable option in the provision of home-
based dialysis care.
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Chapter 5

Peritoneal Dialysis in Children

Souad Chelghoum, Salah-eddine Benfarhi and Atmane Seba

Abstract

For children undergoing chronic dialysis, peritoneal dialysis (PD) is still the
most popular method, especially for younger patients and those living in lower- and
middle-income nations (LMICs). When compared to extracorporeal therapy, PD for
acute kidney injury (AKI) in children has a lengthy history of success. It is still widely
utilized, particularly in Europe, in both high- and low-resource environments. The
use of PD for AKI in low birthweight and post-cardiac surgery neonates is of special
interest in these areas. There are few high-quality randomized trials conducted on
children, and most of the data used in clinical practice today are either taken from
observational cohort studies on children or extrapolated from studies conducted on
adults. Guidelines for starting dialysis, choosing a modality, clearing tiny solutes,
maintaining kidney function, and removing fluid from children receiving post-natal
dialysis are provided by the International Society for Peritoneal Dialysis (ISPD). The
evidence for PD in children is still quite weak, The recommendation’s strength and
level of evidence are GRADE-ed. Although every patient should still aim for optimal
dialysis, it is crucial to have a thorough conversation about expectations for dialysis
with caregivers and patients who are fully informed.

Keywords: chronic peritoneal dialysis, acute kidney injury, ISPD, children,
optimal dialysis

1. Introduction
1.1 Chronic peritoneal dialysis

Since peritoneal dialysis (PD) may be applied practically anywhere, it is very
affordable and offers the benefits of a home-based treatment, which is the most
popular chronic dialysis modality in children, especially for younger children, and in
lower- and middle-income countries (LMICs) [1]. The main factors contributing to
better survival and results include technological advancements in dialysis, enhanced
dialysis fluids, and clinical know-how in the treatment of problems associated with
dialysis [2]. Still, there are not many excellent prospective studies or even randomized
controlled trials (RCTs) including children with PD.

While providing a broader view of the numerous difficulties confronted by that
individual, the International Society for Peritoneal Dialysis (ISPD) publications [3-5]
highlights the need for a person-centered approach with shared decision making
between the clinical care team and the person doing peritoneal dialysis. A review of
the literature allowed recommendations to be released for the pediatric peritoneal
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dialysis. A recommendation of grade 1 is strongly advised, but one of grade 2 is not.
The suggestions’ level of evidence is indicated by the letters (A through D).

2. Peritoneal dialysis practice in children

Children on maintenance PD continue to present challenges in accurately assessing
their volume status. To differentiate weight increases attributed to volume overload
from physiological changes associated with growth, routine and frequent assessment
is necessary. In pediatric dialysis patients, hypertension is mostly volume-related,
although it can also have other contributing factors. In a prospective longitudinal
study, Karava et al. measure serum albumin, blood pressure, and bioimpedance
spectroscopy (BIS) at various intervals over a 6-month period in children with a
median age of 12.6 years. They illustrate how BIS is superior to weight or blood pres-
sure monitoring for determining volume status [6]. When evaluating serial changes
in the relative overhydration status as opposed to a single measure, BIS was especially
helpful. These findings corroborate more extensive pediatric research that suggests
routine multimodal hydration status assessments, including the use of objective
metrics like BIS [2, 7, 8]. Comparatively, BIS-guided fluid management did not show
an additional benefit to achieve euvolemia and did not affect the decline in RKF in
non-anuric PD adult patients [9, 10].

It is not always fair to extrapolate research findings on adult PD to the pediatric
population. Hennessy et al., for instance, address dosage recommendations for intra-
peritoneal vancomycin based on pharmacokinetic modeling in this issue of PD [11].
They note that the dose guidelines currently in use, which are based on adult practice,
may cause vancomycin toxicity in children [12]. Even though a lot has been accom-
plished, the field of pediatric nephrology still has a ways to go before offering children
high-quality PD that is supported by evidence-based practice. Because pediatric
maintenance dialysis is so uncommon, the numerous unanswered concerns about the
best treatment approaches for children and how they affect clinical outcomes can only
be addressed by large-scale, international research or registries.

The granular data collected by the International Pediatric Peritoneal Dialysis
Network registry [13] on many elements of dialysis therapy have significantly
enhanced our comprehension of the potential hazards, results, and approaches
to treating pediatric PD. Similar to this, quality improvement programs like The
Standardizing Care to Improve Outcomes in Pediatric End Stage Renal Disease col-
laborative [14] have found modifiable risk factors and practices that affect common
complications of PD. These initiatives use large-scale collaboration to identify and
promote effective interventions across pediatric care settings.

More RCTs and well-conducted multicenter registry-based observational
studies are needed to conduct studies in pediatric PD. These studies can be highly
efficient and cost-effective while producing crucial evidence that is unique to
children with PD.

2.1 Start of dialysis

We recommend starting dialysis in children with an estimated glomerular filtra-
tion rate (eGFR) of less than 10 ml/ml/1.73 m® or when the child develops uremic
symptoms that are not responsive to treatment with medication or dietary changes
(Level of evidence—Grade 2D) [2, 4].
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Rationale: The decision about when to start dialysis is complicated and should take
into account the eGFR as well as signs and symptoms of uremia, which include:

* declining weight and/or height centiles; growth failure;

* inability to maintain euvolemia with the development of hypertension and/or
significant peripheral edema;

¢ deterioration in nutritional status; and

* subjective complaints from the patient, such as nausea, fatigue, loss of appetite,
and a perceived low quality of life.

These problems must be demonstrated to be persistent and unresponsive to
dietary and/or pharmacological control before dialysis is started. The length of time
that uremic symptoms persist before dialysis is considered essential will depend on
how severe they are and how much discomfort they are causing the youngster. When
a child is old enough, their caretakers and their medical professionals should have a
conversation before deciding to begin dialysis. From 16.5% in 1995 to 40.8% in 2015,
the proportion of pediatric patients in the US who started dialysis with an eGFR
greater than 10 ml/min/1.73 m” has increased.

A recent review of data from the United States Renal Data System (USRDS)
revealed that 29% (4481) of the 15,473 children who started dialysis between 1995
and 2015 did so while their eGFR was greater than 10 ml/min/1.73 m* (median
12.8 ml/min/1.73 m?) [15]. Patients who started dialysis at a higher eGFR had a
24% higher risk of death (censored at kidney transplant) than patients whose eGFR
was <10 ml/min/1.73 m? (median eGFR 6.5 ml/min/1.73 m?). Nevertheless, for the
PD population (n = 6148), the higher risk of mortality linked to “early” dialysis
initiation did not reach statistical significance when dialysis mode was taken into
account [15].

About 2963 children from 21 different countries had their dialysis initiations
investigated in a new registry report from the European Society of Pediatric
Nephrology/European Renal Association-European Dialysis and Transplant
Association Registry [16]. Regarding mortality, growth, or access to transplanta-
tion, there were no clinically significant advantages observed for individuals who
began dialysis at an eGFR of more than or less than 8 mL/min/1.73 m”. However,
hypertension was more common in late initiators [16]. When choosing whether
to start or stop dialysis in children with ESKD, the presence of cardiovascular
risk factors, such as high blood pressure, should be considered as this impacts the
survival rate.

The accuracy of eGFR estimation in late stages of CKD must also be interpreted
cautiously, even if these studies are registry reports only and should be treated with
caution [17].

The Schwartz bedside formula, which was created for the CKD in children
study, is most accurate when applied to children with GFRs between 15 and 75 ml/
min/1.73 m* and when standardized serum creatinine methods traceable to the
isotope dilution mass spectrometry technique are used [16]. If a measured GFR is
available, it may be helpful in situations where a creatinine-based estimate may be
erroneous (such as in patients with low muscle mass) and where there is poor agree-
ment between the Schwartz bedside calculation and a univariate cystatin C-based
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model. Equations based on blood creatinine and cystatin C readings together yield a
more accurate prediction in individuals, both young and old, than equations based on
only one biomarker [18, 19].

2.2 Choose your modality

When choosing a dialysis modality for a child, considerations such as the age and
size, any comorbidities, the availability of family support, modality contraindica-
tions, the dialysis team’s experience, and the child’s and parents’/caregivers’ prefer-
ence should all be taken into account. When choosing the best dialysis modality for
a child, it is important to take into account the preservation of dialysis access, both
peritoneal and vascular (Level of evidence—Ungraded) [2, 5].

Rationale: Studies have not been conducted to determine which treatment is better
for children with end-stage kidney disease (ESKD)—hemodialysis (HD) or PD [20].
The contraindications for the use of peritoneal dialysis (PD) in children are seen in
table [1]. International registries indicate that PD is the most popular and preferable
modality for younger children (the USRDS lists children under 9 years old, the UK
renal replacement registry lists children under 5 years old, and the European Society
for Pediatric Nephrology registry lists children under 9 years old) [21]. Actually,
according to statistics from the USRDS, 64% of patients weighing less than 20 kg had
PD as their first renal replacement therapy between 1996 and 2015, compared to only
31.8% of patients weighing between 20 and 50 kg. For very small patients, for whom
maintaining a functional and complication-free vascular access might be challenging,
PD is especially beneficial.

In cooperation with the ESPN/ERA-EDTA Registry, the Australian and New
Zealand Dialysis and Transplantation Registry, and the Japanese Society for Dialysis
Therapy Registry, the IPPN published data on the outcomes and survival of 264
patients who began chronic dialysis during the neonatal period in 2014 [22]. These
people had survival rates of 81 and 76% at 2 and 5 years, respectively. Neurologic
illness was the largest risk factor for mortality. These results showed that CPD that
began in the neonatal period can be successfully treated, despite severe therapeutic
challenges associated with comorbidities, infections, malnourishment, hypertension,
and development failure.

Home dialysis treatments, such as PD using an automated PD (APD) cycling
device, help school-age children attend class regularly. When using anticoagulation
is contraindicated or in children with cardiovascular instability, PD is also favored
over HD. While PD should not be viewed as the “default option,” families should
be counseled on the various dialysis modalities available while taking into account
their proximity to a pediatric HD center and their capacity to establish and maintain
a proper vascular access. In LMICs, the use of PD has grown among both adults
and children [23]. Crucially, after completely educating the child and family on the
options available and medically suitable, the choice of dialysis modality needs to be
carefully considered. Respecting the child’s and parents’/caregivers’ choice should
occur whenever it is feasible and not detrimental.

Changes in dwell time have an effect on purification as well as ultrafiltration
(UF). While a brief stay preferentially eliminates tiny solutes like urea, it also
benefits UF. Due to the time-dependent decrease of the crystalloid osmotic gradi-
ent, a prolonged stay is beneficial for both peritoneal fluid reabsorption and the
elimination of uremic toxins. Specifically, prolonged daytime stays in APD may lead
to notable reabsorption of water and sodium; in these situations, icodextrin may be
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of consideration. Because of the increased volume of diffusion and the recruitment
of peritoneal surface area, increasing dwell volume facilitates the removal of solutes
like sodium. However, very high intraperitoneal pressure (IPP) combined with a
very large fill volume may cause back-filtration, which lowers salt and UF clearance.
These ideas, along with the distinct transport and pressure kinetics discovered from
IPP measurements and peritoneal equilibration studies, lead us to propose mixing
long stays and a large fill volume with short durations to promote UF and solute
evacuation. This idea is supported by the findings of a recent randomized cross-over
experiment as well as past observational data in children: solute removal and blood
pressure improved, and the absolute UF and UF in relation to the supplied glucose
increased [24].

Of course, it is impossible to overstate how important it is to acknowledge the care
burden that this home-based dialysis therapy places on families. Apart from the dialysis
process itself, there are other burdens such as choosing the right PD solution each day,
worrying about potential complications, including peritonitis, having trouble reliev-
ing patient drain discomfort, and handling machine problems securely. As part of the
modality selection process, families need to be fully informed about the care burden
associated with doing physical therapy so that suitable support networks may be
established.

This procedure would benefit from a formal evaluation of the patient’s and care-
giver’s quality of life perceptions [25, 26]. In certain countries, “Assisted PD,” in which
a qualified dialysis technician regularly comes to the patient’s house to set up the PD
machine and/or connect and detach the child from PD, is provided. This approach
increases the number of patients who can undergo PD by giving families the neces-
sary support (Table1).

There is a lack of extensive pediatric research demonstrating a relationship
between patient outcome and residual kidney function (RKF) in children with PD.
Even though the mean total solute clearance of the two patient groups was similar,

a single-center observation of a juvenile PD population revealed that children with
RKF had superior growth velocity compared to children without RKF [27]. RKF may
therefore be beneficial for both growth and the accomplishment of solute clearance
objectives [28, 29]. Furthermore, there is evidence that children receiving PD therapy
lose RKF more slowly than those receiving HD therapy [30, 31].

2.3 Peritoneal access

A functioning peritoneal dialysis catheter (PDC) is necessary for successful PD.
Catheter type, exit site orientation, placement technique, timing of initial catheter
use, and exit site care are some of the factors that may have an impact on catheter
performance. Ideally, there should be minimal mechanical or infectious issues as a
result of the placement method, the PD catheter’s features, and the catheter’s main-
tenance. There are several ways to install PD catheters, including surgical, laparo-
scopic/peritoneoscopic, blind or Seldinger, and fluoroscopic methods; however,
the success of each method varies in terms of catheter survival and complication
rates. Nephrologists prefer peritoneoscopic and fluoroscopic procedures because
they are less intrusive, employ local anesthetic, can be completed reasonably easily
in an ambulatory setting, are less expensive, and do not have the same mortal-
ity risks as general anesthesia [32-34]. This research emphasizes the benefits of
nephrologists inserting catheters and concentrates on peritoneoscopic and fluoro-
scopic procedures.
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Absolute contraindications Relative contraindications

Defects of the abdominal wall, such as The existence of colostomies and ileostomies
gastroschisis and omphalocele

Bladder exstrophy Newborns with severe organomegaly

Diaphragmatic hernia Inadequate housing for receiving dialysis at home

Destroyed the peritoneum Inadequate assistance for caregivers

Failing peritoneal membrane Imminent or recently completed major abdominal
surgery

Open abdomen Paralytic ileus

Abdominal compartment syndrome Open chest following cardiac surgery

Fungal peritonitis Difficulty breathing for the patient

Pleuroperitoneal connection allowing dialysate in the
chest

Inguinal hernia

Hypercatabolic renal failure where clearance of small
solutes may be insufficient

Situations where exact removal of large volumes of fluid
is required

Abdominal wall cellulitis or abdominal wall burn

Table 1.
Contraindications for the use of DP in children.

2.3.1 Peritoneoscopic insertion of a PD catheter

As aresult, the intraperitoneal structures can be directly seen thanks to the perito-
neoscopic approach. Nephrologists are the ones who employ this procedure the most
frequently, and their use is growing quickly [35]. A device to advance the cuff into the
musculature, a much smaller scope and puncture size, only one peritoneal puncture
site, air insufflated into the peritoneum instead of CO,, and local anesthesia (con-
scious sedation is used in some centers) as opposed to general anesthesia are some of
the ways that peritoneoscopic placement differs from laparoscopic techniques [35].

2.3.2 PD catheter insertion using fluoroscopic technique

Unlike peritoneoscopic insertion, this method necessitates the use of a fluoroscope
[33, 34]. Similar to peritoneoscopy, this operation can be carried out in an ambulatory
setting with conscious sedation, and patients can typically resume eating right away
following the procedure [33, 34].

Marking the upper border of the deep cuff on the abdomen 2 to 3 cm lateral to the
midline and aligning the upper border of the PD catheter coil with the superior edge
of the pubic symphysis establishes the insertion site. This will make it more probable
that the catheter will rest on the pelvic floor.

2.3.3 Catheter’ types

The majority of PD access devices used worldwide are made up of the basic double
Dacron (polyester) cuff, straight and coiled-tip Tenckhoff catheters, and their swan
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neck versions with an arc bend completed in the intercuff section. The fundamental
Tenckhoff catheter designs have undergone a number of changes in order to address
the frequent mechanical issues of tissue adhesion, tip movement, and pericatheter
leakage [36]. There does not seem to be a better catheter than the conventional
Tenckhoff catheter with two cuffs. In order to decrease peritonitis and increase
catheter survival duration, double cuff catheters are advised. The ideal peritoneal
entrance point is paramedian or lateral. The exit point ought to face downbhill or to the
side. In general, upward-directed exit sites ought to be avoided [3].

2.3.4 Prophylactic antibiotics

Strict sterile technique is required to prevent colonization of the Tenckhoff
catheter and/or contamination during insertion, as these events raise the risk of
future peritonitis. Prophylactic antibiotics, when administered in conjunction with
sterile procedure, reduce the incidence of peritonitis; nevertheless, they do not always
prevent infections if sterile technique is not followed. It is recommended to abide by
the guidelines for the use of this medication for chronic PD catheter placement in the
lack of data regarding the use of prophylactic antibiotics in the setting of acute PD
[12]. The choice of antibiotic depends on availability, procedure schedule, and local
bacterial susceptibilities. It is widely acknowledged that gram-positive organisms
are the most crucial to defend against. According to the ISPD pediatric guidelines,
prophylactic antibiotics should be administered no later than 60 minutes before PD
catheter insertion in order to ensure sufficient tissue levels before the initial incision.

2.3.5 Manual PD delivery systems

In chronic patients, closed systems are linked to lower rates of peritonitis when
compared to normal spiking systems.

2.3.6 Automated PD systems

In the 1980s, APD using a cycling device was put into clinical practice. It effec-
tively controlled electrolyte and metabolism in ESKD patients while also reducing the
incidence of peritonitis [37, 38].

2.3.7 Complications in CPD
2.3.7.1 Leakage

The most frequent problem is leakage, which has been documented to occur up to
12.8% of the time [39]. After a patient is able to walk, dialysis leakage usually becomes
more noticeable and happens in the first few weeks or months following catheter
implantation. According to convention, a leak is considered early if it happens within
30 days of the catheter being inserted and late if it happens after that time. Dialysate
leaks can occur more frequently in babies, albeit this depends on the definition [40].

2.3.7.2 Bleeding

While bleeding is a common consequence during PD catheter implantation, about
1-5% of surgeries result in serious bleeding [41].
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2.3.7.3 Visceral injury

During the catheter placement operation, it is possible for the small or large bowel
and bladder to sustain unintentional injuries. Injury frequently happens when the PD
catheter is advanced into the lower abdomen using a stylet or during entrance into the
abdominal cavity.

2.3.7.4 Dysfunction of mechanical flow

A primary reason of PD catheter malfunction is mechanical issues, which show up
as insufficient dialysate input and/or outflow. It makes sense to follow the dialysate
flow channel to identify the causes of mechanical failure [42].

2.3.7.5 Peritonitis

The pediatric chronic PD guidelines should be followed in order to diagnose,
prevent, and treat acute peritonitis [12]. Infections did not become the main cause
of access failure until after the first year of PD. It was not possible to ascertain
if the administration of preventive antibiotics at the exit site over time had any
impact on the frequency of infection-related access revisions in our sample. In
contrast to simultaneous removal and placement in the event of relapsing peri-
tonitis, the ISPD pediatric consensus guidelines recommend a two-stage catheter
removal and reinsertion in patients diagnosed with fungal, enteral, or refractory
peritonitis [12].

2.4 Cardiovascular disease, blood pressure, and level of hydration
2.4.1 Evaluation of the state of hydration

In order to help guide the PD prescription and ultrafiltration requirements, we
suggest evaluating the patient’s dry weight at each clinic visit with clinical evaluation,
including weight and blood pressure (BP) measurement, laboratory parameters,
and objective measurements of fluid status using bioimpedance spectroscopy, where
available (Level of evidence—Grade 2C) [2, 43].

Rationale: Cardiovascular disease continues to be the leading cause of death for
children receiving dialysis, making up 30% of all fatalities [44]. The presence of
hypertension, prolonged fluid overload, altered mineral metabolism, and inflamma-
tion are the strongest predictors. These factors collectively result in left ventricular
hypertrophy (LVH), which is an intermediate end point of cardiovascular morbidity
in patients with CKD/ESKD and an independent risk factor [43, 45].

The approach most commonly employed to determine a patient’s level of hydra-
tion is clinical examination. To evaluate the fluid status of patients on PD, physical
examination for edema, blood pressure monitoring, and laboratory markers includ-
ing hemoglobin/hematocrit and serum albumin levels are frequently employed. A
hypervolemic state may be indicated by the existence of erythropoietin-stimulating
agent (ESA)-resistant anemia. A higher prevalence of hypertension, left ventricular
hypertrophy, and hypoalbuminemia—all of which are probably caused by hyper-
volemia—correlated with anemia that was poorly responsive to ESAs in a study on
the management of anemia in over 1400 children conducted by the International
Pediatric Peritoneal Dialysis Network (IPPN) [46]. Even though more than 90% of
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patients received prescriptions for ESAs, one-fourth of the children had hemoglobin
(HB) levels that were below target [46].

The necessity for adequate cognitive functioning at school, the need for regular
physical activity, and the requirement to restrict exposure to blood products in
order to maximize the possibility of transplantation make optimal anemia treatment
especially critical for juvenile ESKD patients [47].

Blood pressure and volume status were the most significant drivers in a later IPPN
research evaluating risk variables for LVH [34]. According to Bakkaloglu et al., children
with systolic hypertension had a more than twofold increased incidence of LVH. When
compared to children whose LVH regressed or who had normal LV shape, children who
developed or had persistent LVH had systolic office blood pressure that was 7 mm higher.
The fact that some individuals showed regression of LVH raises the possibility that the
myocardium is somewhat malleable and can be better shaped with better therapeutic care.
Concentric geometry was shown to be protected against by high total fluid output (sum
of urine and PD-related ultrafiltration), while patients undergoing automated PD (which
has a higher fluid removal capacity than CAPD) appeared to be somewhat protected.

Bioimpedance spectroscopy (BIS), measurement of circulating natriuretic
peptide, lung ultrasonography for extravascular lung water or lung B lines, inferior
vena cava diameter and its collapsing index, and heavy water dilution studies are
additional techniques to assess the fluid status of the PD patient. There is, however, a
dearth of information regarding the application of these techniques in juveniles. BIS
was proposed as an objective way to measure hydration status in children receiving
dialysis (PD and HD) in a prospective, observational research [8].

The BIS determined weight in this study showed a strong correlation with higher
levels of N-terminal pro-brain natriuretic peptide, left ventricular end-diastolic
diameter, and peripheral pulse pressure, while the clinical assessment of “dry weight”
showed poor correlation with this determined weight. The study also observed a
significant disparity between hydration status and blood pressure, indicating that
variables other than volume overload might be responsible for elevated blood pressure
in certain dialysis patients [8]. It should be remembered that hypoalbuminemia and
muscular atrophy can also cause tissues to become overhydrated.

2.5 Controlling the level of hydration
We propose as a means of achieving euvolemia and normotension in the child with PD:
¢ dietary sodium and fluid restriction;

* encouraging the use of RAS inhibitors and promoting residual diuresis (with
careful monitoring for hyperkalemia and temporary withdrawal during episodes
of dehydration);

* evaluation of the peritoneal membrane transport capacity with the peritoneal
equilibration test (PET) can help with the modification of the dialysis prescrip-
tion, changing the fill volume, dwell time, and/or dialysate dextrose concentra-
tion. Repeating the PET should be taken into consideration in individuals who
are suspected of having changed peritoneal membrane transport characteristics
during the course of CPD (practice points);

* icodextrin is used to improve ultrafiltration (Level of evidence—Grade 2D) [2, 3].
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Rationale: To reach or maintain euvolemia and a normal blood pressure, the
majority of children with PD will need to follow dietary sodium and fluid restric-
tions. When imposing salt restriction on children with high RKF and/or sodium losses
owing to dialysis, care should be taken because depleting salt might cause hypoten-
sion and stunted growth. On rare occasions, serious side effects such as anterior
ischemic optic atrophy and blindness may potentially follow [48]. The Kidney Disease
Improving Global Outcomes (KDIGO) Clinical Practice Guideline for BP manage-
ment in CKD, the Clinical Practice Guideline for Screening and Management of
High Blood Pressure in Children and Adolescents, and the Kidney Disease Outcomes
Quality Initiative (KDOQI) Clinical Practice Guideline for Nutrition in Children with
CKD all contain pediatric-specific recommendations regarding salt and fluid manage-
ment that should be followed to help guide salt and water management [22, 49, 50].

For the majority of patients, the PD prescription is made to maximize fluid
evacuation [51]. The lowest dialysate dextrose concentration necessary to produce the
requisite ultrafiltration volume should be included in the prescription. Because they
may induce damage to the peritoneal membrane and jeopardize or prevent long-term
membrane function for dialysis, hypertonic solutions should be avoided. When
increased ultrafiltration is sought without exposing the peritoneal membrane to PD
solutions with a high dextrose content, other PD solutions, such as those that use
icodextrin as the osmotic agent, should be taken into consideration [52].

Specifically, icodextrin improves the long-dwell ultrafiltration volume in high and
high-average transporters and inhanses phosphate clearance. It is noteworthy that ico-
dextrin reabsorption can happen and that younger children [53] do not benefit from it
as much as older children and adults do. The dialysate fill volume employed may have
an impact on the efficacy [52]. In children exhibiting hypertension or volume over-
load, it is generally recommended to aim for positive ultrafiltration during all daytime
or nighttime interactions. To optimize solute clearance and ultrafiltration volume, the
drain volume specifically needs to be positive following the nighttime dwell of con-
tinuous ambulatory PD and the daytime dwell(s) of continuous cyclic PD (CCPD).

In the IPPN cohort, the effect of the APD prescription on daily ultrafiltration volume
was evaluated. A mean daily UF volume of 600 + 680 ml/m2 was obtained from over
2500 youngsters and over 7800 observations. The average dextrose concentration
(240 ml more UF per percentage increase in glucose concentration), the number of
cycles, and the fill volumes during the day and at night, all directly and significantly
affected the ultrafiltration volume after adjusting for age, time on PD, and RKF;
contrary to, the UF was inversely associated with the dwell time (34 ml less UF per
hour increase; p < 0.001) [54].

As previously mentioned, the PET results should be used to guide the adjustment
of the dialysis dwell duration in order to maximize ultrafiltration. Patients who may
have altered peritoneal membrane transport characteristics (e.g., history of peritoni-
tis and long-term use of hypertonic PD solutions) may benefit most from a revision
of the PET. Aiming at a fill volume of 600-800 m1/m” body surface area (BSA) in
children under the age of two and 1100-1400 ml/m” BSA in older children, the fill
volumes should also be optimized whenever possible [24]. It is advised to gradually
increase the volume as the patient is able. In certain situations, the intraperitoneal
pressure (IPP) may be measured in order to help prescribe the fill volume without
going above a safe IPP.

For the majority of children, a safe IPP limit is thought to be an upper limit of
about 14 cm of H,0 or a mean fill volume of 1400 m1/m” [24]. A typical problem
that can be avoided with careful laxative use is an increase in IPP due to severe
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constipation. It is crucial to take precautions to prevent clinical overfill and a high
IPP since they might lead to emesis, poor ultrafiltration due to increased lymphatic
absorption, and hernia formation.

Using an automated PD software that has been modified, it could be feasible
to optimize sodium and fluid management and encourage small pore transport by
changing the PD prescription. Sequential short- and longer-dwell exchanges with
small and large dwell volumes, respectively, are employed in modified automated
PD [55]. Further prospective crossover trials in adults and children are necessary for
validation. A crossover trial in adults and a pilot research in children indicate that salt
and fluid elimination are increased by adapted automated PD, leading to improved BP
control when compared with conventional PD.

It is best to keep people with RKF away from aminoglycosides and other nephro-
toxic medications. Controlling the hydration status requires swiftly resolving insults
(such infection and dehydration) that might cause acute kidney injury (AKI) and
impaired diuresis. About 401 pediatric patients in the IPPN registry who started PD
with significant daily residual diuresis (> 100 ml/m?*/BSA) had their urine output
prospectively tracked by Ha et al. [44]. Children with glomerular dysfunction,
reduced urine output at the onset of Parkinson’s disease (PD), high ultrafiltration vol-
ume, and usage of icodextrin experienced a much faster decline in daily urine volume.

Using diuretics to increase the amount of salt and water excreted in the urine is
also something to think about. In order to achieve euvolemia in patients with RKF,
the use of diuretics may be preferable over raising the dialysate dextrose content
because hypertonic solutions may cause damage to the peritoneal membrane. Since
icodextrin-based therapies could not be available in LMICs, the usage of diuretics may
also be very advantageous in these settings. Those who received diuretics had an 80%
lower chance of developing oligoanuria (<100 ml/m”/day) than those who did not get
diuretic medication [56].

In PD patients who need antihypertensive drugs and have RKF, the use of RAAS
inhibitors, such as angiotensin converting enzyme (ACE) inhibitors or angiotensin II
receptor blockers (ARB), should be taken into consideration. Kidney disease progres-
sion in children with ACE inhibitor use has been shown to be significantly slowed
down [57]. Nevertheless, the IPPN also discovered that using RAAS inhibitors raised
the likelihood of hyperkalemia considerably (p = 0.04) [54]. On the other hand, when
an ACE inhibitor or an ARB is administered to PD patients, close monitoring for the
existence of hyperkalemia is required. It is imperative that parents receive education
regarding the temporary cessation of RAAS inhibitors for children who are at danger
of dehydration, such as during a concurrent diarrheal sickness.

2.6 Solute clearance on PD

Our recommendation is to modify the PD prescription so as to bring the serum
phosphate level back to normal. Children on PD should aim for a total minimum
weekly Kt/V urea of 1.7, with adjustments made based on routine evaluations of clini-
cal well-being and laboratory results, if necessary (Level of evidence—Grade 2D) [3].

Rationale: Because of the linked lower risk of cardiovascular disease and poorly
controlled CKD-mineral bone disorder (MBD), improving phosphate removal and
achieving a normal/near normal serum phosphorus level in children on PD is an
important therapeutic aim.

A substantial correlation exists between abnormal bone micro-architecture
and mineralization abnormalities and Ca status. Approximately 80% of children
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with CKD4-5 and 29% of those with CKD2 have mineralization defects [46].Ina
similar vein, more than 90% of patients receiving peritoneal dialysis (PD) exhibited
inadequate bone mineralization [58]. The length of time dialysate and peritoneal
membrane are in touch determining how well phosphate is removed. Longer

dwell times will therefore usually improve phosphate removal. The extended day
stay should be optimized in individuals receiving APD and having an increased
phosphate level. Peritoneal equilibration tests and the 24-hour dialytic phosphate
clearance were evaluated in a study with 35 children on APD. The 2-hour dialysate/
plasma phosphate ratio was a stronger predictor of the dialytic phosphate clearance
than the creatinine equilibration features on the PET test. The dialytic phosphate
clearance closely linked with the total dialysate turnover and the recommended
number of cycles [59].

The mean blood phosphate level in the IPPN registry data was 1.8 + 0.5 mmol/l. It
was negatively connected with the number of cycles, dwell time, and use of icodex-
trin, but directly correlated with the ultrafiltration volume [54]. Serum phosphate
dropped by 0.17 mg/dl every hour dwell time and by 0.03 mg/dl per additional cycle,
according to multivariate analysis [54]. Significantly, most dialysis patients require
phosphate binders and dietary restrictions in order to reach normal phosphate levels;
hence, the relative contributions of these factors, along with the effect of RKF on
serum phosphate level, often influence the need for dialysis.

Regarding urea clearance, there are no conclusive studies in children that show
arelationship between patient outcome or survival and dialytic or total (RKF and
dialysis) Kt/Vurea. However, studies on HD in children that have demonstrated that,
in contrast to traditional three times per week HD, faster growth rates are related to
a higher Kt/V given through intensive dialysis regimens are of interest [60]. In its
cohort of CPD patients, the IPPN registry has shown a mean dialytic Kt/ Vurea of
2.24 + 0.84. Kt/Vurea was impacted by the APD prescription; daily ultrafiltration
volume, number of cycles, and fill volumes during the day and night all had a signifi-
cant direct impact on Kt/Vurea (p < 0.001).

Kt/Vurea rose by 0.02 for every 100 ml increase in ultrafiltration/day (adjusted
for body surface area), with ultrafiltration volume showing the largest effect [54]. We
propose that a total (dialysis and RKF) weekly Kt/Vurea of 1.7 be aimed in children,
based on empirical data (poor) from the adult experience on a contribution of accom-
plished urea removal to patient outcome. To accomplish this aim, however, children
with Kt/Vurea <1.7 who are otherwise responding well to PD should not have their
prescription increased. This is based on a careful and frequent evaluation of clinical
and laboratory indicators.

Patients on PD frequently have constipation, which can affect PD drainage and
result in catheter migration. To prevent constipation, families need to be educated on
the importance of keeping an eye on bowel motions and using laxatives—usually as a
preventative measure.

2.7 Individualization of the prescription in PD

Optimizing fluid management and solute clearance is the aim of PD therapy, but
it is important to take into account the child’s and family’s expectations regarding
dialysis and quality of life. This will help the child make the most of their school
and leisure time spent with friends and family [61]. For children with significant
RKEF, the dialysis program may need to be flexible, allowing for the occasional night
without dialysis.
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Similarly, if a child is on APD, it is best to restrict excessive fluid withdrawal, espe-
cially if the dialysate has a strong dextrose basis. This will reduce the possibility that
the child will feel queasy and thirsty in the morning, which could negatively impact
their performance or attendance at school. Without requiring frequent trips to the
hospital, the use of remote monitoring equipment may enable appropriate monitor-
ing of the child’s health and modification of the PD prescription. A good long-term
outcome may be attained by coordinating the aims of what the patient and doctor
agree is “optimal” dialysis and negotiating an appropriate dialysis regimen with the
patient and family (“shared decision-making”).

Two groups of children were identified in the ESPN/ERA-EDTA Registry data
based on when their dialysis was started: either <8 mL/min/1.73 m? (late starting)
or > 8 mL/min/1.73 m’ (early initiation). They discovered that the groups’ mean
height SDS at the start of dialysis was 1.79 (95% CI 1.88 to 1.71) and 1.76 (95% CI 1.84
to 1.68) for early or late starters, respectively. The mean height SDS also demonstrated
a malleable, significant, but comparable decline in the year following the start of
dialysis (0.22 SDS for early and 0.24 SDS for late initiators) [16].

As part of high-quality care, the PD prescription should always be tailored to the
specific medical and psychological needs of the patient and family. When evaluating
the effectiveness of the dialysis regimen and the overall treatment regimen, equal
consideration must be given to outcome parameters, such as growth, nutritional
status, school attendance, and quality of life. While ultrafiltration, water and sodium
balance, and solute purification are dialysis treatment targets that require appropri-
ate modification of the fill volume, dwell time, and PD solution. Growth needs to be
closely watched while taking into account dietary consumption, CKD-MBD manage-
ment, acid-base status control, salt supplementation when necessary, and maybe
recombinant growth hormone therapy. For the age-appropriate PD population,
the use of nocturnal APD in dialysis regimens promotes school attendance. To find
areas where changes to the overall treatment plan or more support may be needed,
standardized assessments of health-related quality of life (HRQoL) should be carried
out [26, 62]. Specifically, the “burden of care” related to the parents’ and caregivers’
provision of home PD needs to be continuously monitored, and the dialysis team
should make support services accessible as needed [25].

2.8 Training

* We propose that PD training be conducted by a pediatric-trained, experienced
PD nurse utilizing a structured teaching program with well-defined goals and
standards that integrate adult learning concepts (2C).

* We propose that all caregivers receive periodic retraining. Additionally, we rec-
ommend that the PD approach be reevaluated following the onset of a peritonitis
episode (2C).

2.8.1 Rationale

There are few systematic studies examining the training process itself and its rel-
evance to patient outcomes, despite the fact that dialysis training is acknowledged to
be critical to the effectiveness of PD programs and the avoidance of infections related
to PD [63]. An international pediatric survey indicated that peritonitis rates were
significantly lower (p < 0.01) in PD programs with longer training times and more
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patients, whereas recent international adult surveys found no correlation between
training times and peritonitis rates [64].

In a previous recommendation, the ISPD stated that all new nephrology nurses
should complete a minimum of 12 weeks of training and work in a PD unit. This
should include 6-8 weeks of orientation under the guidance of an experienced PD
nurse, during which time they should observe procedures, educate patients, and
provide clinical care [65]. The ISPD has suggested, more recently, that before new PD
trainers can work as independent trainers, they should be monitored for at least one
patient training course [63]. The pediatric workgroup concurs with the ISPD Nursing
Liaison Committee that, in order for a PD training program to be considered effec-
tive, the student must be able to satisfy (at the very least) these three objectives, even
though the ideal length of training is yet unknown.

* Carry out all necessary operations safely.
¢ Identify contamination and infection.
* Enumerate every suitable reaction to contamination and infection.

To avoid infection and contamination, wash your hands frequently. Before begin-
ning any care operation, caregivers must be instructed to wash their hands thoroughly
[66]. After hand washing, it is crucial to thoroughly dry your hands with a clean
towel to prevent bacterial translocation by contact contamination [67]. It is standard
procedure and advised in pediatric programs to train two family members or caregiv-
ers, one of whom may be the patient if judged capable [68].

2.9 Conclusion

Through strict adherence to PD catheter care packages, quality improvement
initiatives such as the Standardizing Care to Improve Outcomes in Pediatric ESRD
effort have effectively shown a decrease in peritonitis rates [69]. Improvement science
techniques like these have aided in determining the main variables that are directly
related to the outcome of peritonitis and the part that variables such as patient and
family engagement tactics and health literacy may play in enhancing the prognosis of
children with PD [70].

All newborns, children, and teenagers receiving chronic PD should have their
nondialysis care managed in compliance with the pediatric-specific information found
in the following guidelines: the KDIGO Guidelines for the Management of Anemia
in Chronic Kidney Disease (CKD) [50], the KDIGO Clinical Practice Guidelines for
the Management of Blood Pressure in CKD [49], the KDIGO Guidelines for Lipid
Management in CKD [71], the KDOQI Clinical Practice Guidelines for Nutrition in
Children with CKD [22], and the guidelines from the European Society of Pediatric
Nephrology for the management of CKD-MBD [72, 73].

Given that ESKD affects several organ systems, clinical therapy of a juvenile
patient with chronic PD necessitates attention to a wide range of clinical concerns
that may be present. Optimizing care is the goal of incorporating the many published
suggestions into clinical care. It is acknowledged that most recommendations are
supported by both expert opinion and evidence.
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3. Acute peritoneal dialysis
3.1Introduction

Acute kidney injury (AKI) is a frequent side effect among ill children in hospitals.
AKI prevalence varies from 5 to 25% in both non-critical and critical patients according
to research employing current classifications. In all age categories, there is an indepen-
dent correlation between it and higher rates of morbidity and mortality [74-77]. The
mortality rate for these youngsters is significantly higher in areas where dialysis is needed
but not readily available [78]. The first renal replacement therapy (RRT) modality
utilized to treat AKI in children of all ages was PD. In certain regions of the world, its use
has decreased in favor of the more recent extracorporeal blood purification technology.
According to a recent internet survey, the most popular dialysis modalities for AKI in
children in high-income countries (HIC), primarily in North America, were continu-
ous renal replacement therapy (CRRT) at 24% and hemodialysate (HD) at 72% in HIC
countries, while 68% of infants in low- and lower middle-income countries (LLMIC)
were dialyzed with PD [79]. On the other hand, intermittent HD (22.4%), PD, and CRRT
(394 and 38.2%, respectively) were the most commonly reported dialysis modalities,
according to a recent survey conducted across 35 pediatric nephrology centers in Europe.

PD was the most frequently selected modality in centers treating patients fol-
lowing heart surgery [80]. The patient’s clinical qualities and the socioeconomic
and geographic context appear to have an impact on the treatment mode selection.
The application of extracorporeal techniques in children is still costly, complex, and
dependent on technology, and requires experienced specialized nursing personnel.
This makes it challenging to implement in areas with limited resources, even with
advancements in technology and the development of safety procedures.

With new devices (PD cyclers) that have improved safety profiles, fewer con-
nections, and the ability to provide a wider range of PD prescriptions, PD has also
benefited from technical advancements. Nonetheless, in LLMIC, manual methods are
still more frequently employed. PD can be carried out manually with closed manual
exchange systems in premature and small newborns for whom APD cycler systems
are unable to supply small enough amounts. These low-cost manual exchange devices
can be used with even the tiniest newborns, such as those with severe and very low
birthweights [81-83]. Nephrotoxic medications, cardiopulmonary bypass, and low
cardiac output can all result in fluid overload (FO), which puts children and new-
borns having heart surgery at high risk for AKI.

Conversely, PD catheters are frequently inserted during difficult cardiac surgery
in numerous pediatric cardiac centers in highly resourced nations, particularly in the
youngest newborns. As part of post-operative treatment, early PD (on the day of sur-
gery or post-operative day 1) has been started utilizing either PD or passive drainage
via the PD catheter. Research on the effects of these procedures have revealed reduced
electrolyte imbalances, shorter times on mechanical breathing, and earlier times for
negative fluid balance [84].

Despite the fact that PD is commonly used in the treatment of AKI, no RCTs
have been conducted to compare the efficacy or results of various renal replacement
modalities for the treatment of AKI in children, in contrast to the adult literature [85].
Clinical practice guidelines for the use of PD in the treatment of AKI in children are
presented by the ISPD in order to improve survival in children [86].
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4. Peritoneal dialysis practice in children

Under the direction of the ISPD, these recommendations were created. The
GRADE system, a thoroughly tested framework that balances recommendation
strength and evidence level, serves as the foundation for the recommendations [87]. A
recommendation of grade 1 is strongly advised, but one of grade 2 is not. The sugges-
tions’ level of evidence is indicated by the letters (A through D). A practice point was
designated for situations in which there is insufficient evidence to support a commit-
tee’s suggestion, but there is sufficient clinical experience to do so.

Since they are guidelines, practice patterns should be guided by them. It is crucial
to remember, nevertheless, that not all clinical circumstances will fall under the
recommendations’ purview. Instead, clinicians should use the knowledge at their
disposal to provide patients with the best treatment possible, acknowledging that
there may be times when deviating from the guidelines is required.

4.1 Peritoneal dialysis is a suitable renal replacement therapy modality for the
treatment of AKI in children (1C)

4.1.1 Rationale
4.1.1.1 Implementation simplicity

Because it is less expensive and requires less technical expertise than both continu-
ous extracorporeal treatments and HD, PD is especially helpful in areas with limited
infrastructure [88-90]. Studies conducted in the past have demonstrated that chil-
dren with hemodynamic instability and multi-organ failure needing vasopressors can
safely undergo PD [91, 92]. With the use of bedside dialysis catheters, therapy can be
started quickly, safely, and without the requirement for anticoagulation. Additionally,
for patients whose conditions are stable, this may remove the requirement for an
intensive care unit (ICU). Although severe fluid restriction in infants increases the
risk of hypoglycemia, the use of glucose-containing PD solutions and the treated
patients’ subsequent absorption of glucose allow for severe fluid restriction in infants
with AKI without increasing that risk.

4.1.1.2 Alternative with other therapies

There is no difference in mortality between children treated with PD and those
getting CRRT as treatment for AKI, according to observational studies comparing
modalities. A 1995 retrospective analysis by Fleming et al. on 34 children who had
heart surgery revealed that, in comparison with PD, CRRT was linked to improved
nutritional support and fluid control [93]. On the other hand, mortality did not
vary. In 2001 [92], retrospective examination of 226 children with AKI from dif-
ferent sources revealed no difference in mortality between PD and CRRT. In every
disease condition examined in this investigation, HD outlived CRRT or PD in
terms of survival. The authors explained the higher HD survival rate by pointing
out that a higher number of hemodynamically stable HD patients were preselected
for the disease.

In 136 children, ages 1 month to 16 years, a retrospective study from India
compared the safety and effectiveness of continuous PD vs. daily intermittent HD.
It indicated that children receiving HD had a 75% higher risk of dying than those

86



Peritoneal Dialysis in Childven
DOI: http://dx.doi.org/10.5772/intechopen.1007128

receiving PD [94]. The HD children in this study experienced recurrent hypotensive
episodes while receiving medication, and fluid and electrolyte imbalances were
identified as potential causes of death in a risk analysis. Krause et al. conducted a
retrospective investigation of 115 children in Israel who were undergoing dialysis for
AKI. The results showed that intermittent HD was linked with a considerably better
outcome than either hemodiafiltration (HDF) or PD [95]. The authors mentioned
that patients on PD and HDF received stronger vasopressor support as potential
explanations for this result.

The fact that the patients on PD and HDF were younger and that the PD group was
considerably bigger than the other groups could potentially have had an impact on the
result. The small number of patients, the lack of standardization in the therapy given,
the variability in the modalities available, and the additional variability in the modali-
ties’ expertise and experience all hindered these studies, as they do many pediatric
investigations. The varying results are most likely explained by these factors. One
issue that many LLMIC face is that HD in adult units is frequently the only readily
available dialysis modality for children. As a result, excessively quick clearances and
significant intravascular volume shifts are caused by non-pediatric circuits and filters.
PD would be helpful in these circumstances.

In summary, there is currently no definite advantage of one dialysis technique
over another for the management of AKI. PD is an effective therapy option for AKI in
young people of all shapes and sizes.

4.1.2 Selection of the modality

Since there is currently no evidence to support any particular modality over
another, as was previously discussed, the choice of modality in areas where all RRT
modalities are accessible typically comes down to personal preference and local
expertise. That being said, PD might be preferred over other modalities in the follow-
ing circumstances:

a.Due to the challenge of inserting vascular catheters big enough to permit
extracorporeal methods, PD is often the dialysis option used in low birthweight
neonates [81-83].

b.Small newborns following heart surgery [84, 96].

c. The existence of bleeding diatheses that make big central venous catheter
implantation contraindicated.

d.Cardiovascular instability in infants too tiny for low extracorporeal blood volume
because specialist pediatric CRRT equipment is not easily accessible. The advan-
tages of acute PD are seen in Table 2.

4.2 Fluid supply and access for pediatric acute PD

* The best option for PD access is a Tenckhoff catheter that is implanted by a
surgeon in the operating room. (1B) (optimal).

* Using an insertion kit and the Seldinger procedure to introduce a PD catheter isa
suitable substitute. (1C) (optimal)
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* An acceptable substitute is the interventional radiological implantation of PD

catheters using a combination of fluoroscopy and ultrasound. (1D) (optimal)

* To reduce the risk of problems, rigid catheters inserted with a stylet should only

be used in the absence of soft Seldinger catheters and for no more than 3 days.
(1C) (minimum standard).

When a normal PD access is unavailable, improvised PD catheters should only be
utilized. (Practice point) (Minimum standard).

* Before inserting a PD catheter, we advise using prophylactic antibiotics. (1B)

(optimal)

* Itis recommended to utilize a closed delivery system with a Y connection. (1A)

(optimal). When doing manual physical therapy on young children, a system
that uses buretrols to measure fill and drainage volumes should be employed.
(Practice point) (Optimal).

* In environments with limited resources, an open system with bag spiking may

be employed; however, this system should be planned to minimize the quantity
of possible contamination sites and guarantee accurate fill and drainage volume
measurements. (Practice point) (Minimum standard).

* Automated peritoneal dialysis is appropriate for treating pediatric AKI, with the

exception of newborns whose fill volumes are too tiny for the machines that are
currently on the market. (1D).

4.2.1 Rationale

4.2.1.1 Catheter types and insertion

Surgical (open dissection or laparoscopic), blind percutaneous utilizing a

Seldinger approach, interventional radiological placement, and rigid catheters put

Advantages of acute PD

Simplicity

Minimal infrastructural support

Irrespective to disruption of power and limited accessibility to clean water

Less financial cost than HD or CRRT especially in developing countries

Avoidance of vascular access in infants

Possibility in small newborns following heart surgery

Indication in case of hemodynamic instability

No need for anticoagulation

Continuous ultrafiltration

Nutritional support

Table 2.
Advantages of acute PD in children and infants.
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with a stylet are among the catheter implantation techniques utilized for acute PD.
Catheter insertion techniques are typically determined by the patient’s needs and the
expertise that are accessible locally.

4.2.1.2 Catheters inserted surgically

For pediatric patients with acute PD, the best option is an operating room
Tenckhoff catheter placed by a surgeon [91, 97-99]. This has worked well even with
young infants. It has been demonstrated that laparoscopic Tenckhoff PD catheter
insertion in children is equally successful as open surgical operations, with no dis-
cernible variations in the rates of complications [100]. It is also helpful to perform
laparoscopic salvage of migrating or obstructed catheters [101]. Because port site
suturing minimizes leakage, laparoscopy may be preferable to laparotomy in this
case. During the procedure, the heart surgeons in numerous locations will implant a
Tenckhoff catheter. These catheters can be implanted using a variety of procedures
[102]. This placement of the catheters typically results in a low rate of complications
[96, 103, 104]. There is a higher likelihood of a rupture between the peritoneum and
the pleural space in children who have had sternotomies. This problem may or may
not develop depending on the particular procedure the heart surgeon used to implant
the catheter.

4.2.1.3 Catheters placed by Seldinger technique

An appropriate substitute for surgical catheter implantation in children of
all sizes is bedside catheter insertion utilizing the Seldinger technique with soft,
flexible Cook or Tenckhoff catheters. Either the Cook Mac-LocTM Multi-purpose
Drainage Catheters (CMMDC) or the temporary Cook PD catheters, which have
been used successfully for many years [92, 93, 105, 106], are the Cook catheters
that are employed. A mean age of 6.9 months was seen in 21 infants and toddlers
who received these multifunctional catheters. Only three of the patients’ problems
prevented PD from continuing. The catheter was used by the remaining patients
until either non-renal death or recovery from AKI. There were no infections linked
to the catheter and good target fluid and solute clearance were attained. At day
14, 90% of the catheters survived, with a mean of 10.5 (range 2-29) days without
complications.

4.2.1.4 Interventional vadiological placement

Compared to standard surgical placement, interventional radiological placement
of PD catheters using fluoroscopy and ultrasound in adults is a less intrusive, safer,
more affordable, and equally effective approach. Adult consensus protocols are avail-
able, which enables urgent-start PD for patients who arrive late at ESKF and require
dialysis. Additionally, it permits a single process that might be adequate for both acute
and ongoing dialysis accesses. Although there is no information about this method in
children, its use may be able to prevent the requirement for transient vascular access
catheters by employing vessels that can be challenging to access and may become
damaged with long-term consequences. Fluoroscopy machines may be scarce in less
developed nations, while ultrasound machines are becoming more widely available in
pediatric hospitals across the globe.
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4.2.1.5 Rigid stylet insertion PD catheters

Rigid stylet PD catheters can be utilized in lieu of soft Seldinger-inserted cath-
eters. It is not recommended to use rigid stylet catheters for longer than 2 to 3 days
because of the increased risk of leakage, dislodgement, viscus damage, and peritonitis
[99, 107]. Nonetheless, these catheters are usually easily accessible and reasonably
priced. According to a Sudanese study, PD was the most often used dialysis modal-
ity for 659 children with AKI over a 7-year period (343 children, or 52.4%). A blind
procedure was successfully used to put a rigid catheter (Peritocat, peritoneal dialysis
catheter, B. Braun Melsungen AG, Melsunge, Germany) at the patient’s bedside. PD
was administered for an average of 4.5 days (range: 2-9 days).

A soft PD catheter was implanted or the patient was converted to HD when
dialysis was required for an extended length of time. In addition to bowel, bladder,
and vascular damage in 7 cases, 53 patients (15.4%) also had peritonitis as a result of
the hard stylet. On the other hand, 450 children (68.9%) recovered from AKI overall,
and 205/343 (65.4%) recovered following PD [108].

4.2.2 Manual PD delivery systems

For newborns and children with AKI, PD may be administered manually using
a gravity-based device. Closed systems are linked to lower rates of peritonitis when
compared to normal spiking systems [109, 110]. Buretrols help with strict fluid bal-
ance, which is crucial for the very young and allows for accurate assessment of intake
and drainage. Additionally, by reducing the number of connections, this strategy
lowers the chance of contact contamination. The PD-Paed system (Fresenius Medical
Care, Bad Homburg, Germany), the Baxter manual PD system, and the Dialy-Nate
system/Gesco Dialy-nate (Utah Medical Products, Midvale, Utah, USA) planned for
commercial release are among the systems now in use.

4.2.3 Automated PD systems

APD provides a large range of extremely effective treatment plans that are derived
from individualized intraperitoneal volumes (IPVs), high dialysate flow rates, and
brief dwell durations. APD has the benefit of not requiring as much intensive nursing
care, but it is more expensive.

4.3 Dialysis solutions for acute PD in children

* Dextrose should be added to the acute peritoneal dialysis solution at a concentra-
tion that will allow for the desired level of ultrafiltration. (Practice Point)

* Potassium should be introduced to dialysate sterilely as soon as serum potassium
levels drop to less than 4 mmol/l. (Practice Point) (optimal) After 12 hours of
continuous PD, potassium should be empirically added to the dialysis solution to
reach a dialysate concentration of 3-5 mmol/l if facilities for measuring serum
potassium are lacking. (Practice point) (Minimum standard)

* After serum electrolyte concentrations stabilize, measurements should be made
every day after the initial 24 hours. (Practice Point) (optimal) When resources
are scarce, daily measurements of potassium and sodium should be made (prac-
tice point) (minimum standard).
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* Itis best to utilize solutions containing bicarbonate when there is hepatic dys-
function, hemodynamic instability, and persistent or worsening metabolic acido-
sis. (>1D) (Optimal) An alternative is to employ lactate-containing solutions in
situations where these solutions are unavailable. (2D) (minimum standard)

* Itis recommended to utilize commercially prepared dialysis solutions. (1C)
(Optimal) Locally prepared fluids, however, may be used in situations when
resources do not allow for them, provided that sterile preparation protocols and
patient outcomes—such as the incidence of peritonitis—are closely monitored
(1C) (minimal standard).

4.3.1 Rationale
4.3.1.1 Acute PD fluids’ dextrose contents

Acute PD solutions with dextrose concentrations of 1.5, 2.5, and 4.25% are typi-
cally sold commercially (if glucose is measured, the comparable concentrations are
1.36, 2.27, or 3.86%). The 1.5, 2.5, and 4.25% solutions have osmolality values of 346,
396, and 485 mosmol/l, respectively. When these solutions are used, an osmotic
gradient is created between the dialysate and plasma, which facilitates the evacua-
tion of fluid [111]. Small exchange volumes, which are usually employed for acute
PD, facilitate glucose absorption across the peritoneal membrane continuously and
progressively reduce the osmolar gradient and reduce the efficiency of ultrafiltration.
Conversely, when FO is present, acute PD is typically started with a 2.5% dextrose
solution to facilitate efficient ultrafiltration, and a minimal fill volume is advised to
prevent dialysate leakage.

In cases of euvolemia or mild FO, a 1.5% solution may be used initially.
Particularly in young infants, using a 2.5% or 4.25% solution in a PD prescription
with frequent exchanges might cause hyperglycemia, which may require insulin
therapy or a reduction in the amount of dextrose used.

4.3.2 Serum electrolytes and dialysate

At the start of treatment, the potassium concentration in the dialysis solution
should be very low (1-2 mmol/l), since many patients will have hyperkalemia, which
is frequently accompanied by metabolic acidosis. The concentration of potassium in
the dialysis solution can be gradually increased to a concentration of 4 mmol/l once a
normal serum potassium concentration is reached, which usually happens during the
first 6-12 hours of dialysis. Further adjustments will depend on factors that affect the
serum potassium level, such as the concentration of dialysate dextrose, serum CO,,
medications, parenteral nutrition. Consideration should be made to the empirical
addition of potassium to the dialysis solution after 12 hours of continuous PD in order
to reach a dialysate concentration of 3-5 mmol/l if there are no facilities to monitor
serum potassium. Potassium losses in acute PD can be substantial, and potassium
depletion and cardiovascular instability might result from its removal. One possible
way to avoid or treat hypokalemia is to incorporate potassium (4 mmol/l) into the
dialysis solution [112, 113].

In order to avoid precipitation, supplemental calcium must be administered by a
different method than in the PD solution. When the dialysate has a high bicarbonate
concentration, it is necessary to constantly monitor serum ionized calcium levels in
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order to support measures intended to stop tetany from developing. It should be men-
tioned that convective clearance causes bicarbonate loss from dialysate to increase in
correlation with high ultrafiltration rates [114]. About 132-134 mmol/l is the normal
concentration of sodium in dialysate. Since there is not much of a concentration dif-
ference between dialysate and plasma, convection is mostly used for sodium transfer.

Most free water is removed in the first 30 to 60 minutes of each exchange.
Lowering the concentration of glucose in the dialysis solution or, if solute clearance
permits, lengthening the dwell duration should be taken into account if hypernatre-
mia occurs. In order to match the net ultrafiltration from PD, a hypotonic fluid, such
as 0.45% saline, can be administered intravenously if rapid cycling is required for
solute removal and fluid balance is neutral or negative.

4.3.3 PD fluids based on bicarbonate

Alkali in the dialysate aids in reversing any acidosis that may accompany AKI.
While lactate-based dialysis solutions, which are commonly available in the United
States, are commonly used for acute APD in children, more biocompatible solutions,
such as bicarbonate or lactate/bicarbonate-based solutions, are available in other
countries [115]. Occasionally, when there are persistent or worsening metabolic
acidosis, hemodynamic instability, and hepatic dysfunction, newborns and young
children cannot handle the lactate absorbed from the dialysis solution. It is best to use
a bicarbonate-based solution that has been made commercially or by a pharmacist in
these circumstances.

Although there are no data specifically on children in this area, there is not much
evidence in the adult literature to support a bicarbonate solution’s superiority over a
lactate-based solution in terms of clinically significant outcomes such as adverse events
and death. But in the single adult randomized controlled trial, patients in shock treated
with bicarbonate-based PD fluids had a markedly improved pH, bicarbonate level, and
lactate level when compared to patients treated with lactate-based solutions [116].

4.4 Acute PD prescriptions for pediatric patients

* To reduce the possibility of dialysate leakage, the first fill volume should be kept
to 10-20 ml/kg. If the patient is able to tolerate it, the volume can then be gradu-
ally increased to about 30-40 ml/kg (800-1100 ml/ m?). (Practice Point)

* The first exchange duration, which includes the inflow, dwell, and drain times,
should normally take place every 60 to 90 minutes. As fluid and solute removal
targets are met, a gradual extension of the dwell time can take place. It could
be necessary to shorten the cycle time in newborns and early babies in order to
achieve sufficient ultrafiltration. (Practice Point)

* To establish and maintain normotension and euvolemia, close monitoring of
total fluid intake and outflow is required. (1B)

* throughout the first 3 days of therapy, acute PD should be sustained throughout
the entire twenty-four-hour period. (1C)

* When giving acute PD, careful monitoring of medication dosages and levels
should be done, if available. (Practice Point)
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4.4.1 Fill volumes

When starting acute PD and shortly after PD catheter implantation, small fill
volumes are typically advised to reduce the possibility of dialysate leakage due to the
intraperitoneal pressure (IPP) rise generated by the PD solution [85].

Since bigger volumes result in longer prolonged maintenance of the concentration
and osmolar gradients, the fill volume can be gradually raised to maximize solute and
fluid evacuation if no leakage occurs [117].

For patients younger than 2 years old, the fill volume should generally not be
more than 800 ml/m” due to the possibility of an increase in IPP and the subsequent
lymphatic reabsorption of full traffic [51].

Fill volumes greater than 40 ml/kg (1100 ml/m?) are infrequently necessary if PD
is prescribed on a continuous schedule, and they may affect breathing in an ICU [118].

4.4.2 Duration of exchange

In order to achieve the intended ultrafiltration and solute removal while main-
taining the gradients between serum and dialysate, short exchange periods are first
employed. Even so, exchange times as short as 60 minutes have been employed
occasionally. One such instance is detailed in a recent literature review on postpar-
tum depression in extremely low birthweight (<1000 g) and very low birthweight
(<1500 g) premature babies, wherein shorter dwell times (10-20 min) and smaller fill
volumes (7-14 ml) were effectively employed [82].

Since filling and draining a patient takes a significant amount of time, solute clear-
ance is frequently hampered [119].

4.4.3 Fluid volume

AKI in pediatric patients is often coupled with hypervolemia, and a signifi-
cant FO has been linked to a higher risk of morbidity and death [120]. For many
patients, the elimination of fluid is a major therapy goal, and fluid balance must be
constantly monitored. The capacity to reach a specified fluid goal should, in most
situations, be reevaluated at least every 2-3 hours at first, and therapy should then
be modified as needed.

The ideal situation would be one in which the patient’s fluid needs for medication,
blood products, nutrition, and hemodynamic stability are met while simultaneously
resolving the fluid overloaded state due to the successful generation of ultrafiltrate
with each exchange (plus any urine output that may exist). Hypertonic dialysis solu-
tions (2.5/4.25%) and frequent exchanges early in the course of acute PD when the fill
volumes are small are often necessary to regularly achieve positive ultrafiltration and
meet the patient’s needs; modification of the ultrafiltration needs will mandate the
adjustment of the dialysis prescription.

4.4.4 PD time

To address the patient’s needs for solute and fluid removal during the first phase
of stabilization, acute PD should typically be used continuously with frequent
exchanges. The patient’s clinical situation should dictate how frequently exchanges
occur. The effectiveness of PD for treating AKI is sometimes limited by the modest
fill volume that commonly defines the initial prescription; as a result, PD usually
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needs to be sustained for the entire 24-hour period in the acute setting in order to
obtain appropriate clearances and fluid evacuation. There is currently no information
linking clearances to results in kids with acute PD. Consequently, it is impossible to
determine a target dialysis dose; 75 1/week/1.73 m* was the weekly average creatinine
clearance in two pediatric trials of AKI induced by a wide range of etiologies when a
fill volume of 20 ml/kg and a well time of 60 min were employed [121, 122].

4.4.5 Modification of medication dosage

As a patient moves from AKI with oliguria to PD, numerous medications may no
longer be cleared. This could lead to insufficient serum levels, particularly when using
medications such as antibiotics and anticonvulsants, therefore dosage needs to be

changed appropriately.

5. Handling PD-related issues for AKI

The use of PD to treat AKI in children is related to several possible risks. The
following will be briefly mentioned, even though a detailed examination of them is
outside the purview of these guidelines:

* peritonitis,

¢ mechanical issues,

* protein loss, and

* hyperglycemia.
5.1 Peritonitis

Major consequence of acute PD is peritonitis. The rates of infection varied signifi-
cantly between centers [123-125]. These instructions include recommendations to lower
the rate of infection that are unique to acute PD. It should be noted that the patient’s over-
all sickness may hide the clinical indications of peritonitis, and that the patient’s overall
inflammatory condition may affect the patient’s likelihood of fulfilling the diagnostic
criteria for chronic PD peritonitis. Therefore, it seems sense to think about monitoring
for peritonitis in individuals receiving acute PD by doing a leukocyte count every day.

5.2 Mechanical issues with catheters inserted using a Seldinger technique (cook)

Ten to fifty percent of Seldinger catheter placement cases result in access dysfunc-
tion [92, 98, 126]. Access dysfunction has been observed to occur far less frequently
when the soft coiled multipurpose catheters are used [127, 128]. Catheter blockage
and peri-catheter leaking are the most often reported access-related problems.

5.3 Mechanical issues with Tenckhoff catheters that are tunneled

Three to thirty percent of children who have a tunneled Tenckhoff PD catheter
may experience access problems [92, 97, 129]. The treatment of children’s tunneled
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Tenckhoff catheter access dysfunction is identical to that of adults. (For more on PD
in AKI and ISPD criteria for establishing and preserving ideal PD access, see the adult
ISPD guidelines [130, 131]).

5.4 Protein loss in PD

Acute PD can cause protein loss from the peritoneal membrane, which can impair
the patient’s immune system and nutrition [132, 133]. Throughout treatment, it is
imperative that patients receive enough nutrition, particularly additional protein
supplements, ideally with the assistance of a nutritionist. Patients should generally
be given the amount of protein lost during dialysis in addition to the dietary reference
intakes. The KDOQI pediatric nutrition guidelines take into account the average daily
quantities lost due to chronic PD [22].

5.5 Hyperglycemia

In acute PD, there is a risk of developing hyperglycemia because of the high glu-
cose concentration in PD fluid. In order to facilitate the best possible ultrafiltration,
this should be treated since it lowers the osmotic gradient between serum and PD
fluid. It has also been demonstrated that maintaining normoglycemia considerably
increases critically sick patients’ chances of survival.

6. Conclusion

Dialysis for AKI is still a challenging procedure that needs experience. The studies
show significant advancements in the use of peritoneal dialysis as a pediatric renal
replacement therapy in AKI, along with ongoing difficulties. The technique’s survival
rate has significantly increased over the last 20 years, but infectious and mechanical
complications reduce the method’s viability. The International Society for Peritoneal
Dialysis extensively review the available literature and present updated recommen-
dations for PD in AKI in pediatrics regarding peritoneal access, dialysis solutions,
treatment of fluid control, and prescription of dialysis. Finally, these guidelines are
designed to improve the outcome of children who receive PD.
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Abstract

Acute kidney injury (AKI) is defined by a rapid decrease in glomerular filtration
rate, leading to disruption of physiological functions, including impaired excre-
tion of nitrogenous waste products, hydroelectrolytic disorders, and disturbance of
acid-base balance. AKI is a major contributor to morbidity and mortality in severely
affected infants and children, and its treatment, apart from symptomatic, etiological
treatment, involves renal replacement therapy (intermittent haemodialysis, haemo-
dialfiltration, haemofiltration, and peritoneal dialysis). In paediatric intensive care
unit, emergency peritoneal dialysis (PD) is often the only possible technique for renal
replacement therapy. It is easy to set up by the intensive care anaesthetist, or paediat-
ric surgeon and uses the mechanisms of diffusion and osmosis (ultrafiltration). The
anatomical properties of the peritoneum enable water and solute exchange. Solutions
in bag form are available in isotonic or hypertonic concentrations, and their use
depends on the clinical indications. PD has many advantages over other dialysis tech-
niques, but there are some complications inherent in PD that need to be addressed by
therapeutic protocols.

Keywords: continuous peritoneal dialysis, paediatric emergency, flexible catheter,
solutions, intraperitoneal exchanges

1. Introduction

1.1 Acute kidney injury

In 2004, the term acute renal failure (ARF) was replaced by acute kidney injury
(AKI), which better expresses the fact that it is a set of symptoms associated with
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sudden renal failure. The syndrome is characterised by a reduction in glomerular
filtration rate (GFR), retention of urea and other metabolic products such as uric acid
and ammonia, and dysregulation of extracellular volume and electrolytes [1-3]. AKI is
therefore a syndrome with varied manifestations and not a disease in the strict sense.

AKI is an important factor contributing to morbidity and mortality in severely
affected infants and children [4, 5].

Since 2007, four essential definitions for AKI in children have been published:
[6-9] see (Table1).

The Paediatric Risk Injury Failure Loss ESRD (pRIFLE) criteria. In parallel with
the pRIFLE work, the Acute Kidney Injury Network (AKIN) published a consensus
statement on acute kidney injury (AKI).

In 2012, the Kidney Disease Improving Global Outcome (KDIGO) defini-
tion was published. The Paediatric Reference change value Optimised for AKI
(pROCK) definition was adopted in paediatrics in 2018 from a multicentre study
in hospitalised children in multicentre China as creatinine increase beyond RCV of
creatinine, which was estimated as the greater of 20 pmol/L or 30% of the initial
creatinine level. pROCK It is less sensitive for the detection of AKI but more spe-
cific outperformed KDIGO and pRIFLE in predicting the mortality risk especially
in children requiring intensive care.

Definitions and comparisons have been difficult between studies in the literature,
resulting in a wide range of citations, epidemiologies, morbidities, and mortality
rates [10].

Classification  Staging creatinine  Creatinine criteria Urine output criteria
pRIFLE Risk eGFR decreased by >25% 0.5 mL/kg/hr. for 8 hr
Injury eGFR decreased by >50% 0.5 mL/kg/hr. for 16 h
Failure eGFR decreased by >75% (or < 35 mL/ 0.3 mL/kg/hr. for 24 hr.
min/1.73 m?) or anuria for 12
Loss Persistent failure >4 wk
ESRD ESRD persistent failure >3 mo
AKIN 1 Increase in creatinine of >50% or an absolute
increase in creatinine of 0.3 mg/dL over 48-hr
period
2 Increase in creatinine of >100%
3 Increase in creatinine of >200%
KDIGO 1 SCrrise >0.3 mg/dL within 48 hr. or an >0.5and <1 mL/kg/hr
increase in creatinine of>50% within 7 day
2 Increase in creatinine of >100% >0.3and < 0.5mL/kg/h
3 Increase in creatinine of >200% or < 0.3 mL/kg/hr
SCr >4 mg/dL or receipt of dialysis or
eGFR<35 mL/min/1.73 m’

AKIN, Acute Kidney Injury Network; eGFR, estimated glomerular filtration rate; ESRD, end-stage renal disease;
KDIGO, Kidney Disease: Improving Global Outcomes; pRIFLE, paediatric visk, injury, failure, loss of kidney function,
and end-stage kidney disease; SCr; serum creatinine.

Table 1.
Paediatric acute kidney injury definitions.
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In the newborn, there is no consensus definition for AKI. It was suggested that a
classification AKI KDIGO for neonates and infants <120 days old [11]:
serum creatinine increase >0.3 mg/dL (26.5 mcmol/L) within 48 hours OR

* Stage 1 serum creatinine increase >1.5-1.9 times reference serum creatinine

within 7 days, defined as the lowest previous serum creatinine value urine output
<0.5 mL/kg/hour for 6-12 hours

* Stage 2, either of serum creatinine increase >2-2.9 times reference serum
creatinine (defined as the lowest previous serum creatinine value) urine output
<0.5 mL/kg/hour for >12 hours

* Stage 3, any of serum creatinine increase >3 times reference serum creatinine
(defined as the lowest previous serum creatinine value) serum creatinine
>2.5 mg/dL, which represents glomerular filtration rate < 10 mL/minute/1.73 m*
initiation of renal replacement therapy

urine output <0.3 mL/kg/hour for >24 hours

anuria for >12 hours

In the most severe cases, renal replacement therapy (RRT) is initiated to supple-
ment renal function.

Several paediatric publications use peritoneal dialysis as one of the other RRT
[12-14].

PD in emergency setting of the paediatric intensive care unit remains the only
possible technique for RRT in infants, based on the experience of nursing staff and
the unavailability of RRT equipment adapted to the child’s weight because of the dif-
ficulties of vascular access, the risk of bleeding, and hypotension in an extracorporeal
circulation [15-18].

We will focus solely on PD in children with AKI while discussing prescription
methods, the complications of PD, and how to manage them.

1.2 Anatomy and physiology of peritoneal membrane

The peritoneum is composed of two adjacent layers: the parietal peritoneum which
adheres to the anterior abdominal wall and which covers behind the retro peritoneum
and the peritoneum visceral which totally or partially covers the abdominal organs.

It presents folds:

* Ligaments, means of fixing organs, without a main vascular pedicle within
them;

* Theomentums that have a free edge;
* Themesos that contain the main vascular pedicle of the organ.

Between the two layers of the parietal and visceral peritoneum, we find the
peritoneal cavity, which contains a thin layer of lubricating fluid, thus preventing

109



Peritoneal Dialysis in the Modern Eva

friction during the movements of the abdominal organs. This liquid less than 100 ml
is produced by the peritoneal layers and is resorbed by lymphatic plexuses that are
particularly numerous at the level of the lower surface of the right diaphragm. About
100 mL of a liquid formed from an ultrafiltrate of the peritoneum.

The peritoneal membrane successively comprises, from the blood to the perito-
neal dialysate, the basement membrane of the peritoneal capillaries, the supporting
connective tissue, the submesothelial basement membrane, and the monolayer of
mesothelial cells.

The peritoneal membrane surface area is roughly equal to the body surface area.

PD does not require an extracorporeal blood circuit, and the exchanges between
the blood and the dialysis solution (infused into the peritoneal cavity by a catheter)
take place through the walls of the rich vascular network of the peritoneal membrane,
according to the concentration gradients.

Peritoneal exchanges are based on two fundamental principles: diffusion (dialysis)
and convection (ultrafiltration), as well as the three-pore model [19].

Transfer by diffusion occurs under the influence of a concentration gradient: urea,
creatinine, calcium, phosphorus, and other plasma waste substances are gradually
transferred into the dialysis fluid which is devoid of them, while the transfer is from
the dialysis fluid to the blood for glucose, the buffer anion (lactate or bicarbonate),
and calcium.

Ultrafiltration: Net ultrafiltration is achieved clinically by creating an osmotic
pressure gradient such as glycerol, amino acids, glucose polymers, or icodextrin. Solutes
present in body fluids can be carried away by the bulk solvent flow, even in the absence
of a concentration difference for net diffusion, which contributes to the overall clearance
of solutes. This contribution to net solute clearance has been termed ‘convection’

Three-pore model: [19].

There are three types of pore of different sizes in the endothelium of peritoneal
capillaries.

The small, intercellular pores are where water and low-molecular-weight mol-
ecules such as electrolytes, urea, creatinine, and glucose pass through.

The ultra-small pores, which are the most numerous, are characterised by tran-
scellular channels or aquaporins. They transport only free water, thus diluting the
dialysate with a reduction in the initial sodium concentration and transfer from the
plasma by concentration gradient or sodium sieving.

The large pores, which are few in number, allow large substances such as proteins
and glucose polymers (icodextrin) to pass through the intercellular spaces.

This three-pore model makes it possible to explain peritoneal transfer by convec-
tion according to osmotic pressure of crystalloid or colloid origin and according to
intraperitoneal hydrostatic pressure.

1.3 Peritoneal dialysis as a treatment for acute kidney injury

Despite the increasing importance of continuous haemofiltration techniques,
PD is the most common and simplest method of ensuring the elimination of solutes
and water in severe AKI, and has a major role to play in the management of AKI,
especially in paediatric units where access to other extra-renal purification techniques
is difficult or even impossible. It is very easy to perform in the patient’s bed or in the
operating theatre and does not require vascular access.

Acute PD is currently the best treatment modality for primary or compli-
cated kidney disease-causing AKI.: The commonest cause was hypoperfusion,
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haemolytic-uremic syndrome (HUS), [20], hypernatremic dehydration [21, 22], sepsis
infection [23, 24], volume depletion, hypoxia ischemia, intrinsic renal disease,
cardiogenic shock, post-surgical [25], and malaria in Africa [26]; peritoneal dialysis
was the early treatment for children after cardiac surgery [27]. All AKI secondary to
nephrotoxicity and poisoning were treated by PD in children in intensive care [23, 28].

During the COVID-19 pandemic, telemedicine was used to guide patients treated
with chronic peritoneal dialysis in adults and has potential to improve patient care
quality.

It is safety measures on how to protect PD patients and médical staffs.

The pandemic affected very few children during the first decade; however, some
children developed acute kidney injury (AKI) with paediatric multisystem inflam-
matory syndrome (pMIS), and PD has attracted renewed interest in resource-limited
countries, with the advantages of cost-effectiveness, ease of training, and reduced
electricity and water requirements making PD the optimal form of therapy.

In both the adult and paediatric populations, there is sufficient evidence to dem-
onstrate that peritoneal dialysis is as effective as other forms of RRT [29-32].

2. Advantages of acute peritoneal dialysis

PD is not associated with dialysis imbalance syndrome and may be more appropri-
ate for patients with elevated intracranial pressure. Vascular access is not required for
PD and has a significant advantage in small children where insertion of a peritoneal
catheter is often easier than insertion of a dialysis catheter, especially in neonates [33].

PD makes it possible to preserve residual diuresis, and intraperitoneal exchanges
ensure good haemodynamic tolerance [33].

In a prospective study, at Week 4 of admission or discharge, early initiation of
PD in patients with SA-AKI was associated with early renal recovery and higher
eGFR [24].

PD offers other advantages such as: the absence of extracorporeal circulation
with its inherent risks (gas embolism, central catheter infection, and hypovolaemia)
and the possibility of following a freer diet (especially in the catabolic phase), and
it avoids anticoagulation and is inexpensive [3]. In infants, protection of the venous
outlets is a crucial factor, especially if there is a high risk of progression to chronic
kidney failure.

3. Limitations associated with acute peritoneal dialysis
PD uses the peritoneum as

1. Means of convection and ultrafiltration, so this peritoneum must be intact and free
of contraindications to the placement of the peritoneal dialysis catheter, such as

Recent surgery, peritoneal drains in place, omphalocele, laparoschisis or dia-
phragmatic hernia in children, fungal peritonitis peritonitis, and abdominal
compartment syndrome;

Even if PD remains effective, it is not without mechanical, infectious, and meta-
bolic complications, which will be detailed in the chapter on complications of
peritoneal dialysis.
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2.1t is more delicate in the event of respiratory distress and makes intubation and
support by assisted ventilation necessary, especially in infants and newborns,
due to an increase in abdominal volume during the dialysate infusion phase, thus
resulting in insufficient ultrafiltration [34].

3.The time required to achieve satisfactory metabolic control and adequate volume
control using PD makes this technique unsuitable for life-threatening emergen-
cies—It is not the best modality for RRT in patients with threatening hyperkalae-
mia and those with hypercatabolism with a high azotemia load as this can only be
achieved after 24 hours of dialysis [35]

4.In PD, clearance is limited by the flow rate of the dialysate, the permeability of
the membrane, and the surface area coefficient (KoA). In PD, clearance is limited
by dialysate flow membrane [36]

PD is less effective than haemodialysis or CRRT in children with inborn
errors of metabolism (IEM), such as hyperammoniaemia, where neurological
outcome is correlated with the speed and normalisation of blood urea
treatment [37].

3.1 Peritoneal dialysis compared with other renal replacement therapy
techniques

Observational studies comparing the modalities showed no difference in mortality
between children treated with PD and those receiving CRRT to treat AKI.

A retrospective study by Fleming et al. [38] of 34 children who had undergone
cardiac surgery showed that CRRT was associated with better fluid control and nutri-
tional support than PD, but there was no significant difference in mortality rates,
similarly in Flynn’s series [3].

Comparing the safety of PD versus intermittent haemodialysis, a retrospective
study by Basu et al. [25] found that the risk of death in patients treated with HD was
75% higher than in patients treated with PD. The children treated with HD in this
study experienced frequent episodes of hypotension during treatment, and a risk
analysis of the causes of death suggested that fluid and electrolyte changes were pos-
sible causes.

Krause et al. [39] found that intermittent HD was associated with a significantly
better outcome than PD or haemodiafiltration (HDF) in another retrospective study
of 115 children requiring dialysis for AKI. In this study, patients treated with IHD
and PD were critical and placed on haemodynamic support, and the number of
children treated with PD was significantly greater than in the other renal replacement
therapies.

Gabriel et al. [40] then randomised 60 patients between acute high-volume PD
and daily haemodialysis. There was no significant difference in terms of mortality.

However, recovery of renal function was observed 3 days earlier in the PD
group.

In both the adult and paediatric populations, there is sufficient evidence to dem-
onstrate that peritoneal dialysis is as effective as other forms of renal replacement.
Recommendation 1B in adults and 1C in paediatrics, according to which PD is suitable
for the treatment of AKI in all settings [41, 42].
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4. Indications for acute peritoneal dialysis in children
PD can be carried out as an emergency treatment for AKI with no other organ failure.

* Hyperkalaemia, severe metabolic acidosis, and fluid overload, after failure of
medical treatment.

* Risk of progression to kidney failure [43, 44]

* Renal indications and no renal indications of peritoneal dialysis in AKI are sum-
marised in (Table 2) adapted by Ansari [45].

5. Efficiency of acute peritoneal dialysis

Numerous case series and randomised trials of PD in AKI demonstrate rapid cor-
rection of hyperkalaemia, acidosis, and fluid overload, usually returning to normal
levels within 24-48 hours [46, 47].

Cullis et al. [48] recommend that in patients with AKI, a weekly Kt/V of 2.1 may
be acceptable.

At present, there are no data correlating clearance and outcome in children
undergoing acute PD, so no target dialysis dose can be set. In two paediatric studies of
AREF of various aetiologies, the use of a filling volume of 20 ml/kg and a contact time
of 60 minutes resulted in a mean weekly creatinine clearance of 75 l/week/1.73m’,

McNiece et al. [49] measured clearance in five neonates undergoing cardiac sur-
gery using a filling volume of 10 ml/kg and a contact time of 20 minutes. The median
weekly creatinine clearance was 74 1/week/1.73 m?, and the median Kt/V was 4.84.

Finally, Ricci et al. [S0] determined that the creatinine clearance of 20 neonates post-
cardiac surgery was 34 1/week/1.73 m” using a PD filling volume of 10 ml/kg and variable
contact times, irrespective of haemodynamic status or drug vasopressor support.

These studies show that despite the low filling volumes and frequent cycles used in
paediatrics, the clearances obtained are higher than those recommended in the adult
literature [41].

Acute PD is an effective and reliable alternative to renal replacement therapy,
particularly for reducing BUN and K+ levels in preterm neonates with AKI, in a
retrospective study conducted by Xing et al. [51] including 21 preterm neonates who

Renal indications of peritoneal dialysis in AKI Nonrenal indications
1.RRT in the treatment of AKI in children 1. Acute pancreatitis
2.Hemodynamically unstable patients 2.Clinically significant hypothermia or

3.The presence of bleeding diathesis or haemorragic hyperthermia

conditions contraindicating placement of vascular 3.Refractory heart failure

access for haemodialysis or anticoagulation : :
4.Liver failure

4.Patients with difficult vascular access placement 5. Infusion of drugs and nutrients as a sup-

5.Removal of high molecular weight toxins (10 kD) portive therapy in critically ill patients

Table 2.
Indications of peritoneal dialysis.
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underwent APD in a neonatal intensive care unit (NICU) in Peking University Third
Hospital. The median duration of PD was 3 days (range, 1 hour-20 days). Compared
with the period before PD, blood urea nitrogen (BUN) and serum K+ levels decreased
significantly after PD (P < 0.05). Oedema disappeared in 77.8% (n = 14/18) of
patients, and 42.9% (n = 9/21) of patients regained normal urine output.

6. Strategies to improve dialysis efficiency in acute peritoneal dialysis

The strategy for improving the effectiveness of peritoneal dialysis will depend on
several factors:

6.1 Choice of catheter

The common types of catheters used in acute PD are the rigid stylet catheter,
Tenckhoff catheter, and Cook (Cook Medical Inc., Bloomington, IN) Teflon rigid
catheter. The semi-rigid catheter can be inserted at the patient’s bedside by a resusci-
tator under local anaesthetic, avoiding the need for a general anaesthetic.

The literature shows the effectiveness of the Tenckhoff catheter compared with
other catheters [52].

6.2 Access to the peritoneal cavity

In emergency conditions, the catheter can be placed using a trocar and under
peritoneoscopic control, although this technique requires general anaesthesia.

Laparoscopic catheter placement is successfully employed in children in many
centres [53-55]. However, catheter placement for long-term peritoneal dialysis treat-
ment is best performed surgically, under rigorous aseptic conditions, by a trained and
motivated operator.

The most commonly used catheter entry route is paramedian, slightly below the
level of the umbilicus, most often on the right side, the choice being guided by the
patient’s build.

Before the catheter is inserted, it is essential to reassure the child’s parents and get
them to sign an informed consent form, explaining the principle of the procedure and
how it will be carried out. The catheter is usually inserted under general anaesthetic.

After carefully disinfecting the skin of the abdomen, an incision a few centimetres
long is made through the fibres of the rectus abdominis, which are gently pulled apart
to just the right length.

The catheter is inserted under visual control using a metal guide, the tip of the
catheter being pushed into the lower part of the pelvic cavity, at the level of the cul de
sac of Douglas. The tip of the catheter is then in contact with the lateral surface of the
rectum. Once the catheter is firmly in place, the first Dacron® flange is fixed at a 45°
angle in the peritoneal suture, which is then carefully closed around the catheter and
its flange.

A tunnel is then created under the skin, allowing the catheter to pass subcutane-
ously. The second Dacron® flange is carefully fixed a few centimetres before the exit
port, to prevent extrusion.

Check that the catheter is working properly immediately after insertion: after
instilling approximately 1 litre of sterile isotonic solution, the liquid should return
easily and be perfectly clear.
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However, catheter malfunction, that is difficulty in draining the solution intro-
duced into the peritoneal cavity, is not uncommon at the time of insertion. In this
case, the position of the catheter should be checked by X-ray of the abdomen: when
the peritoneal segment of the catheter has moved and is no longer resting in the cul de
sac of Douglas, it may be necessary to intervene surgically to put it back in the correct
position.

6.3 Peritoneal dialysis fluid and method of fluid delivery

Although the peritoneal membrane is biocompatible and natural, conventional
dialysate fluids containing dextrose can alter the functionality of the peritoneal
membrane due to glucose degradation products and the use of lactate as a buffer.

Fischbach et al. [56] demonstrated in children undergoing chronic dialysis that
the use of a bicarbonate-lactate buffer gave good results in terms of a reduction in
abdominal pressure during filling, alleviation of abdominal pain, and therefore good
integrity of peritoneal function.

The composition of the dialysate fluid is summarised (Table 3); the components
of the dialysate fluids (Table 4). Proposed in the Ansari article [45] are multiple and
involve the following elements.

Several new PD solutions with low-glucose breakdown products have been intro-
duced, but they are more expensive than conventional solutions containing dextrose
and lactate. A recent meta-analysis by Sheng et al. [57] concludes that PD solution
with low-glucose breakdown products preserves residual renal function and improves
dialysis adequacy without increasing all-cause mortality. Further trials are needed to
determine whether this beneficial effect may affect long-term clinical outcomes.

Recommendations on the choice of peritoneal dialysis (PD) fluids in children [58]
conclude that the concentration of glucose should be as low as possible in the dialysate
fluid. Icodextrin can be applied once a day during prolonged hospitalisation, particu-
larly in children with inadequate ultrafiltration. Infants on PD are at risk of sodium
depletion associated with ultrafiltration, while anuric adolescents may experience
water and salt overload. The sodium-chloride balance must therefore be closely moni-
tored. In growing children, the calcium balance should be positive, and the calcium in
the dialysate should be adjusted according to individual needs.

Amino acid-based PD fluid in children suggests good tolerance. However, the
anabolic effect is weak; adequate enteral nutrition is preferable.

Composition of the dialysate fluid

1.Sodium 132-134 (mmol/L)

2.Potassium 0-2 (mmol/L)

3.Calcium 1.25-1.75 (mmol/L)
4.Magnesium0.25-0.75 (mmol/L)

5. Chloride 95-106 (mmol/L)

6.Lactate 35-40 (mmol/L) or HCO3 (34 mmol/L)
7. Glucose 1.5-4.25 (g/dL)

8.pH (Neutral and physiological in newer peritoneal dialysis fluid preparations).

Table 3.
The composition of the dialysate fluide.
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Components Comments

Length of the dialysis session Length of dialysis session determined by fluid balance, biochemical
abnormalities and urine output

Composition of dialysate (% Ultrafiltration rate of 1.5% dextrose and 2.5% dextrose (40 ml/kg dwell) is
dextrose) 50-150 and 200-400 ml/h, respectively. A higher concentration of dextrose
solution may be used for initial cycles in children with severe fluid overload.

Exchange volume Initial fill volume: 10-20 ml/kg; maximum fill volume: 30 ml/kg or 1100 ml/
m’, but <800 ml/m” if age < 2 years. The higher the fill volume, the greater the
clearance and ultrafiltration.

Exchange time—inflow, Initial exchange time is 1 h—inflow 10 min, dwell 30-40 min, outflow 20 min.

dwell, outflow time Dwell time pf 1-4 h in continuous PD using a flexible catheter. Shorter dwell
time for rapid fluid, urea and potassium clearance (e.g. severe hyperkalaemia or
pulmonary oedema).

If hypernatremia develops, extend the dwell time if feasible or lower glucose
concentration in dialysis solution.

Additives to dialysate Potassium 3-4 mmol/l
Heparin 250-1000 U/1

Monitoring Fluid balance q 4-6 h
Serum electrolytes per 6-12 h
Blood sugar per 6-12 h (more frequently if using 2.5 or 4.25% dextrose-based
dialysis fluid)
Blood urea and serum creatinine per 24 h

PD, Peritoneal dialysis.

Table 4.
The components of the dialysate fluids.

In our daily practice in the intensive care unit at the university hospital, the
nursing team uses a closed manual system, based on gravity, to deliver the dialysis
fluid and drain it from the peritoneal cavity. In neonates, we use burettes to adapt the
inflow and outflow of dialysis fluid.

6.4 Regimen of peritoneal dialysis

The different regimes have been described: intermittent peritoneal dialysis (IPD),
and modifications to PD have been made recently to improve ultrafiltration, namely con-
tinuous equilibration PD, high volume PD, tidal PD, and continuous flow PD [59, 60].

Intermittent peritoneal dialysis (IPD) often used in our hospital for infants, using
arigid catheter. The infusion, contact, and draining times make up 1 cycle of 1 hour.
This regime can be carried out manually or using a cycler by prescribing a pre-deter-
mined volume of dialysate fluid to drain the peritoneal cavity.

In children, 30 to 40 mL/kg of dialysate, warmed to 37°C, is infused over 10 to
15 minutes, then sucked back into the peritoneal cavity over 30 to 40 minutes, and
drained after 10 to 15 minutes. Short exchanges of 1to 2 L are carried out in sessions
lasting 16 to 24 hours, three times a week.

Continuous PD is similar to continuous ambulatory peritoneal dialysis (CAPD), in
which manual exchange is performed every 3 to 6 hours depending on patient clear-
ance and fluid elimination.

It requires multiple daily exchanges, either manually or using a cycler. The disadvan-
tage of this regime is that the patient must be hospitalised, and clearance may be insuf-
ficient, particularly in hypercatabolic patients, due to a lower dialysate flow rate [35].
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Treatment schedules

Intermittent Continuous Tidal
IPD CPD TPD

Intraperitoneal

vol

Figure 1.
Basic mechanisms operating in various peritoneal dialysis vegimens adapted from Ansari [45].

Tidal peritoneal dialysis (TPD) requires a cycler and is a modality in which only
part of the dialysate (25-50% of the infused volume) after a pause is drained during a
long session lasting 8 to 10 hours, but optimisation of the clearance of drained solutes
is not satisfactory [61, 62].

Basic mechanisms operating in various peritoneal dialysis regimens adapted from
Ansari [45] are summarised in Figure 1.

6.5 Prescription of peritoneal dialysis

The prescription of PD must take into account the patients clinical condition,
body surface area, and state of hydration in order to achieve better ultrafiltration.

To initiate dialysis, it is recommended that the filling volume be calculated on the
basis of body surface area rather than on the basis of the child’s weight to avoid the
problem of peritoneal membrane hyperpermeability.

It is recommended that the peritoneal cavity be filled with dialysate fluid with a
volume of 10-20 ml/kg or 300-600 ml per body surface area in infants until the desired
volume is obtained in the order of 30 ml/kg (800 ml per body surface area according
to recommendations). There is a gradual increase in volume between d2 and d14 Up to
900 ml/m” body surface area for infants and 1400 ml/m” in older children.

Increasing the volume of dialysate must be done with caution, because although it
improves diffusion and ultrafiltration, it also increases the risk of leakage and there-
fore of infection, and may create discomfort and thus a compliance defect [63].

In an article, Fischback et al. [64] describe a relationship between intraperitoneal
hydrostatic pressure and dialysate volume in children on PD and demonstrate that the
relationship between intraperitoneal pressure (IPP) and infused peritoneal volume
(IPV) depends on age. In neonates, stable PPI values (3.5 +/— 1.6 cm) were observed for
IPVs of 600 to 800 ml/m” Mean intraperitoneal pressure values were 8.2 +/— 3.8 cm fora
mean peritoneal volume of 990 +/— 160 mL/m” body surface area, no significant increase
in mean IPP was observed in infants (4.8 +/— 2.6 cm) and children (9.6 +/— 2.1 cm), and
the increase in IPP was substantial when IPV increased from 1200 to 1400 mL/m? [64].

The dialysis cycle, which may last 60 to 90 minutes, includes a filling time, a pause
or contact time of 30 to 40 minutes, and a drainage time.

In the event of threatening hyperkalaemia or a hypercatabolic state, the contact
time may be reduced to ensure a high flow rate and therefore effective dialysis,
especially in small children.

The duration of contact time in chronic dialysis for children with acute CPP is
approximately 3 to 6 hours, which can be shortened to increase the total number of
exchanges in order to improve solute clearance.
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In acute PD, the duration of dialysis sessions will depend on the doses of dialysis
administered, electrolyte and metabolic balance, and the daily kinetics of blood urea
and creatinine.

Treatment is monitored on an hourly basis and reports on the amount of fluid
recovered during each cycle, the type of dialysate used, its volume, any difficulties
encountered, and tolerance. The input and output results and the ionogram enable
prescriptions to be adjusted and the effectiveness of PD to be assessed.

Table 4 summarises components of acute peritoneal dialysis prescription adapted
by Vasudevan and colleagues [65].

6.6 Complications

Numerous complications are inherent in peritoneal dialysis, and we summarise the
main complications associated with this type of APD.

* Infectious complications: Despite improvements in techniques over the last few
decades, infectious peritonitis remains one of the most feared complications
[66]. Infectious peritonitis may be caused by contamination during handling,
infection of the orifice through continuity, bacterial translocation through the
digestive wall, or perforation of a hollow organ. The causative organisms are
gram-positive and gram-negative bacteria. Peritonitis is suspected when the
drainage fluid is cloudy. The diagnosis is confirmed by analysis of the drainage
fluid for cell count, culture, and antibiotic sensitivity. Broad-spectrum antibiotic
therapy should be initiated as soon as empirically possible to avoid the serious
consequences of peritonitis, such as sepsis, and catheter removal.

o Mechanical complications: Pain on instillation of the liquid or on drainage is a
known complication in PD patients, occurring in 13 to 25% of cases [67].

Several factors contribute to this pain: low pH of the dialysate fluid, low tempera-
ture, or distension of the tissues around the catheter.

This pain can be minimised by infusing an alkaline PD fluid adding sodium
bicarbonate and increasing the temperature of the dialysate while slowing the rate of
dialysate infusion [46].

6.7 Intra-abdominal haemorrhage

Mild intra-abdominal haemorrhage is common and may be observed during cath-
eter insertion. Severe intra-abdominal haemorrhage has been reported, particularly
with acute semi-rigid catheters.

6.8 Intestinal perforation

Intestinal perforation may occur, particularly with the use of semi-rigid catheters
in acute PD. Patients may experience severe abdominal pain, blood-stained peritoneal
fluid, intra-abdominal haemorrhage, and (rarely) shock. Treatment consists of stop-
ping treatment for a short period, removing the catheter, administering intravenous
antibiotics, and treating the bowel.

118



Peritoneal Dialysis in Paediatric Acute Kidney Injury in Intensive Care Units: Prescription...
DOI: http://dx.doi.org/10.5772/intechopen.1006550

Mechanical complications have been reported in several series, including leakage
at the catheter insertion site, catheter occlusion, inguinal hernia, catheter malfunc-
tion, and fluid leaks [66, 68].

Respiratory complications such as:

* Respiratory distress during infusion of peritoneal fluid in children when the
drainage fluid was insufficient, which increases intraperitoneal pressure; recom-
mendations must be taken into consideration when infusing fluid according to
the child’s size and weight.

* Hydrothorax, generally on the right, is rare and is due to the presence of a
congenital diaphragmatic anomaly with subsequent pleuroperitoneal com-
munication, lymphatic drainage, and a pleuroperitoneal pressure gradient.
Severe cases may require discontinuation of PD and surgical closure of the
septal defect.

Pleurodesis by insufflation of talcum powder or thoracoscopic pleurodesis has
been carried out in certain published series [69-71].

6.9 Metabolic complications
Hyperglycaemia can result from a high concentration of glucose in the PD fluid.
* Hypoglycaemia may occur as soon as PD is stopped.

* Hypernatremia: This can be induced by the disproportionate loss of free
water in the PD fluid when hypertonic exchanges are frequently used. This is
because the aquaporin-1 water channels in the capillaries are activated by the
tonicity of the glucose generated by the dialysate. However, if the exchange
is of short duration, sodium diffusion can take place early enough, and the
patient slowly becomes hypernatremic. Ideally, the duration of the exchange
should be corrected for diffusion to occur, or a hypertonic dialysate should be
used.

Lactic acidosis is rare, except in patients with end-stage liver failure.
Lactic acidosis can be avoided by the use of peritoneal dialysis fluid containing
bicarbonate.

* Hypokalaemia is frequently observed as standard dialysate fluid is at a concen-
tration of 0-2 (mmol/L). Consideration should be given to the empirical addi-
tion of potassium to the dialysate solution after 12 hours of continuous PD in
order to achieve a concentration of 3-4 mmol/L in the dialysate [42].

Volume changes may occur as a result of the use of hyperosmotic fluid leading to
hypovolaemia or ultrafiltration failure leading to hypervolaemia, especially in the
event of an episode of acute peritonitis.

This problem of volume imbalance can be resolved by adjusting the dialysis
prescription or, in certain situations, necessitating temporary cessation of dialysis.
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During episodes of acute peritonitis, hypoalbuminemia may develop due to high
protein losses in the dialysate, which may reach 10 to 20 grams per day, requiring
protein intake to be increased on a daily basis by infusing albumin.

Table 5 shows the complications associated with peritoneal dialysis and possible
suggestions for their management, adapted by Nourse [42].

Fill volume: 10-20 ml/kg

Total cycle: 60-90 min. Fill: 5-10 min; dwell: 30-60 min; drain:
10-20 min

Initial glucose concentration: 2.5%

Heparin 500 1U/I

Initial prescription PD over a full 24-h for 1-3 days
Problem Modification to prescription
Poor ultrafiltration 1. Rule out access issues or peritoneal leak

2.Increase glucose concentration (1.5% — 2.5% — 4.25%) (or
1.36, 2.27 and 3.86% in some areas)

3. Decrease exchange duration by reducing dwell time by +25%
(reduce fill and drainage times to a minimum)

4.Increase fill volumes 30-40 ml/kg (800-1100 ml/m?)
5. Consider CFPD

Hyperkalaemia (emergency treatment
required)

1. Reduce dwell time to 15-30 min (reduce fill and drainage times
to a minimum)

2. Monitor potassium levels regularly

Serum potassium <4 mmol/l

Add 4 mmol/l of potassium to PD fluid

Difficulty with ventilation/increased
intra-abdominal pressure

1. Reduce fill volume incrementally by 5 ml/kg.
2. Position patient in semi-fowlers position (30° head up)

3. Consider measuring intra-abdominal pressure to guide fill vol-
ume (either intravesical pressure with a transducer via a urinary
catheter or directly from the PD catheter with a manometer)

4.Consider CFPD with very low fill volumes

High phosphate

1. Tolerate if not problematic and limited duration expected. If
problematic:

2.Increase dwell times to >60 min

3.Increase fill volumes 30-40 ml/kg (800-1100 ml/m?)

Hypernatraemia secondary to rapid
cycling

1.Increase dwell time to >60 min

2.Reduce dialysate glucose concentration, if possible

Hypernatraemia, AKI and requiring
dialysis

1. Add hypertonic sodium (3% or 5%) to PD fluid to within
15 mmol of patient’s sodium to allow a gradual reduction in the
serum sodium

Lactic acidosis AND hepatic
dysfunction OR shock OR neonate
AND/OR not responding to lactate-
based fluids

Use bicarbonate-based PD fluids

Hyperglycaemia >20 mmol/l

1. Reduce glucose concentration in PD fluid if possible and/or
increase exchange duration

2.1f not working or not possible:
Insulin infusion (start 0.05 IU/kg/h) OR
3.Add insulin to PD bags (see text Section 3.1)
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Development of new pleural effusion 1. Consider extracorporeal dialysis modality if available
2.Insert chest drain and check fluid for glucose
3. Position patient in semi-fowlers position (30° head up)
4.Reduce volume of PD per cycle

5. Measure volume of fluid coming from chest drain and add to
fluid balance

PD: peritoneal dialysis; AKI: acute kidney injury; CFPD: continuous flow peritoneal dialysis.

Tables.

Complications associated with peritoneal dialysis and possible suggestions for their management.

7. Timing of initiation of peritoneal dialysis

Apart from the severity criteria for AKI requiring an emergency dialysis session, in
the paediatric literature there is no optimum time to start a PD session.

Very few studies have evaluated the potential benefits of starting EBRT early.

The paediatric series found in the literature are debatable. Early initiation of
renal replacement therapy in paediatric heart surgery is associated with lower
mortality.

In a retrospective study of 146 newborn babies and children treated with perito-
neal dialysis following cardiac surgery in a referral hospital, the authors noted that
mortality was 28.1% at 30 days and 36.3% during follow-up. Early dialysis was associ-
ated with a 46.7% reduction in 30-day mortality and a 43.5% reduction in 90-day
mortality compared with late dialysis. All other short-term variables were similar.
Initiation of peritoneal dialysis on the day of surgery or the first day after surgery was
associated with a significant reduction in mortality [72].

Another study conducted by Sanchez-de-Toledo et al. showed that early dialysis
reduced mortality after paediatric cardiac surgery, and thus the relationship between
RIA and morbidity and mortality after paediatric cardiac surgery. A single-centre
retrospective study of children who underwent paediatric cardiac surgery between
April 2010 and December 2012 in a tertiary hospital included 480 patients. Of these,
109 (23%) were neonates, and 126 infants and children (26%) developed AKI within
the first 72 hours postoperatively. RRT techniques were used in 32 (6.6 %) patients (16
%) neonates and (3.8 %) infants and children; p < 0.01, with 78% receiving perito-
neal dialysis (PD) and 22% continuous EER (CRRT). Patients treated with PD within
the first 24 hours postoperatively had lower mortality than those in whom PD was
initiated later [4/16 (25%) vs. 4/9 (44.4%)]. Mortality in patients who received CRRT
late was 28.6%; no deaths were reported in patients treated with CRRT within the first
24 hours postoperatively [73].

In a meta-analysis conducted by Karvellas et al. [74], 15 studies (2 randomised,
4 prospective cohorts, and 9 retrospective cohorts) were identified out of 1494
citations. The overall methodological quality was poor. Early treatment of ERA
compared with late treatment was associated with a significant improvement in
28-day mortality (odds ratio (OR) 0.45; 95% confidence interval (CI), 0.28 to
0.72). However, the limitations of this meta-analysis revealed significant heteroge-
neity as patients were stratified into medical and surgical patients. The prospective

and retrospective study design and the early time to initiation of dialysis were not
well defined.
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8. Impact of PD on outcomes in children with AKI

There are limited data on the effect of EER modality on survival in paediatric AKI
patients.

A retrospective study by Fleming et al. [38] compared HDF (n = 21) and PD
(n = 21) in 42 children following repair of congenital heart defects. They concluded
that haemodialfiltration (HDF) was superior to PD in terms of ultrafiltration and
better nutritional support but no survival benefit was demonstrated between the
modalities.

Bunchman et al. [75] in a retrospective study over 7 years reviewed survival
outcomes in 226 paediatric patients receiving various forms of RRT, including PD,
IHD, and CRRT.

A total of 106 patients were treated with CRRT, 61 with HDF, and 59 with PD.
About 54% of the total population studied survived: 40% in the haemofiltration
group. About 49% in the group treated with peritoneal dialysis, and 81% in the group
treated with intermittent haemodialysis. Despite the clear superiority of IHD over the
other modalities in this study, the authors concluded that haemodynamic instability
better predicted greater mortality than the EER modality.

Regarding PD regimen: A prospective study by Gabriel et al. [76] was performed
on 30 AKI patients who were assigned to continuous high-dose PD (Kt/V = 0.65 per
session) via a flexible catheter (Tenckhoff) and to automated PD with a cycler. Fluid
removal, pH and metabolic control, protein loss, and patient progress were assessed.
Patients received 236 sessions of continuous PD, with standardised values for creati-
nine clearance and urea Kt/V of 110.6+/-22.5 L/week/1.73 m(2) body surface area
and 3.8+/—0.6, respectively. Regarding the outcome of AKI, 23% of patients recovered
renal function, 13% remained on dialysis after 30 days of follow-up, and 57% died.

A multicentre cohort study [77] was conducted on patients over 15 years of age
admitted to an intensive care unit and diagnosed with acute renal failure. The aim of
the study was to determine the effects of renal replacement therapy (RRT) modalities
on 30-day mortality and renal recovery in patients with AKI whose main aetiology is
sepsis.

Intermittent haemodialysis (IHD), continuous renal replacement therapy (CRRT),
peritoneal dialysis (PD), or sustained low-efficiency dialysis (SLED) were the treat-
ment modalities (of the 2844 patients with AKI, 449 cases (8.1%) received CRRT).
There were no significant differences in 30-day mortality between patients initially
treated with CRRT (52%), PD (51.6%), and SLED (55.6%) compared with those
treated with HDI. Renal recovery was similar for each RRT mode.

9. Conclusion

The choice of technique for the treatment of AKI depends on the size of the
patient, the availability of vascular access, the integrity of the peritoneal membrane
and the abdominal cavity, as well as the clinical experience and expertise of the
practitioner.

However, in most developing countries, as is the case in Africa, access to paediatric
haemodialysis is difficult, so PD remains the only option available for the treatment
of AKI.

PD still has its place in paediatric intensive care, particularly in patients with AKI
due to a disease at risk of chronic renal failure.
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To limit complications, particularly peritonitis, surgical placement of the catheter
and strict compliance with a care and monitoring protocol are recommended.

Training of care teams and close collaboration with paediatric resuscitators and
paediatric nephrologists are essential.
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Chapter7

Peritoneal Dialysis-Related
Complications: A Comprehensive
Review

Axler Jean Paul and Abigael Francis

Abstract

Peritoneal dialysis is considered a less invasive, flexible, independent, easy, and
financially more accessible technique for patients who require renal replacement
therapy. Based on a purification technique using the peritoneum as a filter, it offers
the comfort of internal filtration and does not require the complex machinery of
traditional hemodialysis. Since its first use many decades ago, progress has been
made over the last years to improve the technique and understand the pathophysi-
ological processes regarding the peritoneal membrane. However, peritoneal dialysis
remains associated with complications that can be mechanical or more serious and
life-threatening, such as peritonitis. Peritoneal dialysis complications are classified
as short- or long-term. It is essential to address them, as they are related to increased
morbidity, technique failure, transition to hemodialysis, and death but could be
preventable. Through this chapter, we will explore these complications, focusing on
the most common in terms of incidence and long-term prognosis.

Keywords: complications, peritoneal dialysis, peritonitis, encapsulating,
noninfectious, end-stage renal disease

1. Introduction

Peritoneal dialysis is a technique based on the principle of osmosis, which Rene
Dutrochet described in the early eighteenth century. It took many years of experi-
mentation, including the installation of a hypertonic solution by Clark et al. at the end
of the eighteenth century, to demonstrate the bidirectional permeability of the peri-
toneum, the evidence described by Babb et al. [1]. However, it was not until advances
in cell biology and the electron microscope deciphered the three-pore theory that we
mastered transport across the peritoneal membrane, a form of transport known as
transcellular transport [1-3]. This technique was essentially experimental. Georges
Ganter first used the hypertonic instillation technique on two patients with renal fail-
ure. During this period, many tried peritoneal lavage with two catheters, but despite
some successful cases, mortality was very high. However, the technique gradually
improved until it became the treatment of choice for patients with end-stage renal
failure [2-5]. Today, almost 4 million patients with end-stage renal disease use some
form of dialysis, 11% of whom use peritoneal dialysis [6].
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When considering the potential benefits of peritoneal dialysis, such as improved
comfort, the absence of the need for a highly skilled operator, better preservation of
residual kidney function, a better alternative for individuals with challenging vascu-
lar access, fewer dietary restrictions, and increased social independence for patients
at a lower overall cost, it is essential to acknowledge the existence of potential com-
plications [7-12]. In this chapter, we present a thorough review of the most common
complications, discussing their frequency, outlook, and possible preventive strategies
based on the latest published research. To ensure clarity, we classify the complications
into infectious and noninfectious categories.

2. Infectious complications
2.1 Catheter exit-site and tunnel infections
2.1.1 Definitions

Using the catheter during dialysis peritoneally exposes the risk of infection, often
presented in two forms that may be concomitant or isolated. These infections are [7, 8]:

* Exit-site infection: A purulent discharge with or without skin erythema at the
catheter-epidermis interface. Signs of inflammation (erythema, tenderness,
swelling, granuloma, or crust formation) in the absence of discharge are insuf-
ficient to diagnose exit-site infection.

* Tunnel infection: Clinical inflammation (erythema, edema, tenderness, indura-
tion) with or without ultrasonographic evidence of fluid collection anywhere
along the catheter pathway.

2.1.2 Epidemiology and risk factors, causes, and preventable measures

Reported incidence rates vary considerably from country to country, ranging from
0.06 to 0.42 episodes per year [13, 14]. Although the rate of exit-site infections has
fallen considerably due to the various preventive measures put in place, it still repre-
sents one of the most common complications in peritoneal dialysis patients, with an
incidence of 12 per patient-years [8].

The main risk factors are as follows [8].

* Poor competency in exit-site care

* Catheter mobilization

* Catheter pulling-out injury

* Mechanical compression of the catheter by a waist belt
* Swimming

* Presence of pets during exchange

» Compression of the exit site by a peritoneal dialysis catheter bag.
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The main germs involved are gram-positive bacteria in 59% of cases, gram-nega-
tive bacteria in 23%, fungi in 7%, and 11% in culture-negative cases [8].

2.1.3 Clinical manifestations and diagnosis

Exit-site infections are generally characterized by signs and symptoms like
progressive crusting and erythema around the catheter, progressing to the passage of
serious then purulent fluid, sometimes accompanied by tenderness and edema. Thus,
erythema, edema, induration, and tenderness along the catheter pathway suggest a
tunnel infection, which may be complicated by abscess with systemic symptoms such
as fever and chills [8].

2.1.4 Prevention and cave

Besides the daily dressing, patients with infections should be on antibiotics [7, 8].
Antibiotic ointment should be continued; mupirocin and gentamicin sulfate 0.1% are
the most used. The ISPD recommends empirical antibiotic therapy for all peritoneal
dialysis patients with exit-site infection, with or without tunnel infection. It generally
lasts 3 weeks, and an initial regimen covering Staphylococcus aureus is used:

* 1st-generation cephalosporin or penicillinase-resistant penicillin (such as
dicloxacillin). In case of allergy to penicillin, clindamycin or trimethoprim/sulfa-
methoxazole are used.

* Vancomycin should be the first choice in cases of recent infection and coloniza-
tion with methicillin-resistant S. aureus (MRSA).

* Oral ciprofloxacin or intraperitoneal ceftazidime should be added to the initial
regimen in cases of previous infection and/or Pseudomonas colonization.

Here are some specific indications that should prompt the removal of the dialysis
catheter in case of exit-site and/or tunnel infection:

* Concurrent infection or infection progressing to peritonitis during antibiotic
therapy.

* No improvement noted after 3 weeks of adequate antibiotic therapy and/or if the
infection is not fully treated after 6 weeks.

* Tunnel or exit-site infection is fungal or mycobacterial in origin.

ISPD recommends that the overall site infection rate be no more than 0.40 epi-
sodes per year at risk.

2.2 Peritoneal dialysis-related peritonitis

Peritonitis associated with peritoneal dialysis (PD) is considered the most criti-
cal complication, given its mortality. It can lead to, transient loss of ultrafiltration,
possible permanent membrane damage, and occasionally death. With any suspicion,
it must be evoked, investigated, and treated. The risk of peritonitis secondary to an

133



Peritoneal Dialysis in the Modern Eva

intra-abdominal and systemic process should also be emphasized, although these
cases are relatively rare, accounting for less than 6% [14].

2.2.1 Definition

Peritonitis associated with peritoneal dialysis is defined by the presence of at least

two of the following three criteria [7, 14, 15]:

a.Any clinical manifestation suggestive of a diagnosis of peritonitis, such as

abdominal pain, signs of peritoneal irritation, and the presence of cloudy
peritoneal fluid.

b.On peritoneal fluid analysis, leukocyte counts of >100/micro, or >0.1 x 10°

(after a dwell time of at least 2 hours), including more than 50% polynuclear
leukocytes.

c. Culture-positive dialysis fluids.

Within peritoneal dialysis-related peritonitis, there are several classifications.

* If peritonitis occurs after the dialysis catheter has been inserted but well before

the first dialysis session, it is referred to as pre-dialysis peritonitis. Thus, perito-
nitis associated with dialysis is evoked after the sessions start with the intention
to continue with the method [7].

* Culture-negative peritonitis can also occur. It is evoked by the presence of the

two above-mentioned clinical criteria.

* Dialysis catheter-related peritonitis is defined as peritonitis co-occurring with an

infection of the catheter (tunnel or exit site) or within an interval not exceeding
3 months, with the same organism isolated on analysis of the sample or a sterile
sample in the event of prior exposure to antibiotics.

* Peritonitis is recurrent if diagnosed within 4 weeks of completion of therapy of a

prior episode incriminating a different organism [1].

* Repeat peritonitis: In this case, peritonitis occurs more than 4 weeks after com-

pleting treatment for a previous episode with the same microorganism.

* Relapsing peritonitis supposes an episode that occurs within 4 weeks of

completion of therapy of a prior episode with the same organism or one sterile
episode [1, 7, 16].

* Refractory peritonitis is evoked if, after 5 days of adequate antibiotic therapy,
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2.2.2 Epidemiology

The incidence of peritoneal dialysis-related peritonitis varies widely among
countries, ranging from 0.06 episodes/year in Taiwan to 1.66 episodes/year in
Israel. However, the incidence rate of PD-related peritonitis has fallen consider-
ably in recent years, from 0.600 episodes/patient-year in 1992 to 0.303 episodes/
patient-year in 2019 [17].

2.2.3 Risk factors and preventable measures

Although it still represents a significant challenge and one of the main barriers to
using peritoneal dialysis, several studies have demonstrated a significant reduction
in infectious complications associated with it over the last 10-20 years, particularly
peritonitis [10].

The most related risk factors for peritonitis related to peritoneal dialysis are sum-
marized below:

* PD system contamination: The peritoneal dialysis exchange system can
become contaminated if the sterility chain is breached. This contamination
may occur either in a closed system (dry contamination) or in an open system
(wet contamination), where the exchange catheter is left open for a prolonged

period [7].

Antibiotic therapy is recommended in open system contamination cases to
prevent peritonitis. A retrospective study of 548 episodes of dialysis system con-
tamination revealed a peritonitis rate of 3.1% overall; only cases of open system
contamination were complicated by peritonitis (5.6%). Given the lack of data

on appropriate antibiotic therapy in these circumstances, the ISPD recommends
administering 1 g of intraperitoneal Cefazolin [7, 14].

Adequate training and correct use of dialysis equipment are recommended. In
addition to adequate training, patients must be monitored at home to ensure that
the recommendations are followed and the protocol understood [14].

* Dialysis catheter-related infection: Infections of the catheter tunnel and exit site
represent a major risk factor for peritonitis [14, 18].

At least four studies have tested administering IV gentamicin, cefazolin, van-
comycin, and cefuroxime. This promotes antibiotic prophylaxis before dialysis
catheter insertion to reduce the risk of infectious complications [7, 15].

* Invasive procedures (gastroscopy, colonoscopy, hysteroscopy): Some endoscopic
procedures, whether digestive or gynecological, may be followed by peritonitis.
Studies have shown that the risk of peritonitis in dialysis patients increases
following specific endoscopic procedures such as gastroscopy, hysteroscopy,
and colonoscopy, especially when not preceded by antibiotic prophylaxis. The
rate of occurrence varies from 3.5% to 8.5% for colonoscopy, 1.2% to 3.9% for
gastroscopy, and 26.9% to 38.5% for invasive gynecological procedures such as
hysteroscopy [7].
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* Gastrointestinal disorders (constipation, enteritis): Those disorders have been
reported to be associated with peritonitis related to enteric organisms [7, 18].

* S. aureus nasal carriage: The nasal cavity represents the main reservoir of S.
aureus, and S. aureus carriage is a risk factor for developing tunnel and exit-site
infections in peritoneal dialysis patients. One report demonstrated a 4-fold
increase in the risk of exit-site infections in carriers [14].

2.2.4 Clinical manifestations and pavaclinical

The symptomatology of peritonitis related to peritoneal dialysis does not differ
from that of peritonitis in general. It should be suspected in the presence of any
abdominal pain in the population concerned.

Abdominal pain and hazy peritoneal fluid are the symptoms most frequently found
in clinical examinations of patients: 79-88% and 84% of cases, respectively. Other signs
and symptoms that may appear in the clinical picture are fever (temperature >37.5 C)
(29-53%), nausea or vomiting (31-51%), and hypotension (18%). On physical examina-
tion, signs of peritoneal irritation, such as abdominal and rebound tenderness, may
be noted. Peritoneal fluid sampling followed by analysis remains the test of choice for
confirming the diagnosis when performed under appropriate conditions. The leukocyte
count in bacterial peritonitis is generally high: >100 cells/mm’. However, up to 10% of
patients may have a lower leukocyte count, even in peritonitis. This may be due to too-
short dwell time or a host immune defense that is too weak to elicit an adequate response.
Peritoneal fluid cultures are positive in 80-95% of cases, and the organisms most often
isolated are gram-positive (e.g., coagulase-negative Staphylococcus species) [15, 16].

2.2.5 Negative culture peritonitis

Culture-negative peritonitis is a clinical peritonitis without any microorganisms
identified after sampling and culture [7, 19]. Etiologies can be varied.

1.Infectious: Infectious peritonitis masked by recent antibiotic use, sampling, and
culture methods errors, or culture or atypical microorganisms requiring differ-
ent culture media for an extended period.

2. Noninfectious: Includes peritonitis of chemical or eosinophilic origin.
2.2.6 Management

Antibiotic therapy must be started as soon as peritonitis is suspected, either sys-
temically or intraperitoneally, after appropriate peritoneal fluid sampling for analysis.
It must be a broad-spectrum, considering the epidemiology of the environment, and
target both gram (+) and gram (—) microorganisms: Cephalosporins 1st generation or
vancomycin and Cephalosporins 3rd generation or aminoglycoside respectively [7].

3. Noninfectious complications

Although most of the complications developed by peritoneal dialysis patients are
infectious, other non-negligible mechanical and/or metabolic complications can affect
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this population. A study in a specialized hospital in Bangladesh revealed a 30.9% rate
of noninfectious complications in 68 peritoneal dialysis patients. Those complications
should be addressed as they can be a cause of technique failure [11, 13, 20].

3.1 Mechanical and/or metabolic complications
3.1.1 Pericatheter leak

Leakage may occur at the catheter insertion site, facilitated by the increased intra-
abdominal pressure due to the dialysate infusion into the peritoneal cavity. Methods
that may try to prevent this mechanical complication include a break-in period of
2 weeks for patients starting elective PD, performing the therapy lying down, and
with a lower infusion volume for the unscheduled beginning of PD. If leakage per-
sists, the catheter must be replaced [6, 9, 15, 16].

3.1.2 Drainage failure/catheter dysfunction

During peritoneal dialysis, the catheter may infuse but not drain (due to constipa-
tion, tip migration, or sequestration of the omentum); or the catheter may neither
infuse nor drain (due to folds and intramural obstruction). An optimal surgical
technique, choice of an appropriate catheter, and adequate postoperative care may
help prevent early dysfunction of the catheter. It may require removal and insertion
of a new catheter, administration of laxatives for constipation, and omentectomy
and/or omentopexy in the case of sequestration [11, 15, 16].

3.1.3 Hernias

The increased abdominal pressure caused by peritoneal dialysis can lead to the for-
mation of hernias, favored by such factors as obesity, recent surgery, dialysate volume,
and polycystic kidneys. It is a common complication affecting 12-37% of patients with
PD. Surgery may be performed to correct the hernia if the patient has some residual
renal function, with resumption of dialysis after 1-2 days [11, 15, 16, 18].

3.1.4 Hydrothorax

Fluid passage through the pleural space may occur through lymphatics or a con-
genital or acquired diaphragmatic defect. The diagnosis should be made in all non-
edematous, dyspneic patients with consistently inadequate ultrafiltration. Pleural
fluid analysis will reveal elevated glucose and hypoproteinemia. Treatment consists
of lowering intra-abdominal pressure e.g., from continuous ambulatory peritoneal
dialysis (CAPD) to Nocturnal automated peritoneal dialysis (APD), discontinuation
of peritoneal dialysis for 2-6 weeks, and, as a last resort, pleurodesis, surgical repair
or transfer to hemodialysis [15, 16, 18].

3.1.5 Hypokalemia

Hypokalemia is a common complication in patients on continuous PD, with
10-15% requiring potassium supplementation. This may be promoted by the cel-
lular uptake of potassium, prompted by the intraperitoneal glucose load with
subsequent insulin release added to intestinal losses. Management may include
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potassium-sparing diuretics (spironolactone) in chronic cases or intraperitoneal K*
in acute situations [6, 21].

3.1.6 Other gastrointestinal disorders

PD patients often present gastrointestinal disorders of a gastric and enteric nature.
These may include gastrointestinal reflux disease (GERD), dyspepsia, peptic ulcers,
delayed gastric emptying, and so on. They are accompanied by signs and symptoms
such as nausea, vomiting, fullness, and epigastric discomfort. GERD is favored by
increased intraperitoneal pressure, and treatment remains the same as that adminis-
tered to non-dialysis patients [21].

3.2 Encapsulating peritoneal sclerosis (EPS)

Peritoneal sclerosis remains one of the most critical complications of long-term
peritoneal dialysis although very rare. It is characterized by a disproportionate
inflammatory response of the peritoneum, leading to fibrosis. It leads to ultrafiltra-
tion failure and intestinal obstruction, and the morbidity and mortality associated
with this complication are very high [22, 23].

3.2.1 Epidemiology and risk factors

Peritoneal sclerosis is a complication whose annual incidence varies from 0.14% to
2.5%, with a 0.4-8.9% prevalence [23]. The reported incidence rate per 1000 patient-
years ranges from 0.7 to 13, a variation explained by limitations in study design and
bias detection. The associated mortality rate is around 50% 1 year after diagnosis.
Data analysis revealed that survival rates at 1 and 2 years were 67% and 52% in a
Dutch registry, respectively.

Several risk factors have been identified that may influence the development of
this complication. The most important is the duration of peritoneal dialysis, with a
low cumulative incidence rate after 3 years, rising after 5 years.

a. After eight continuous years of peritoneal dialysis, it has been estimated that
around 10-20% of patients will develop encapsulating peritoneal sclerosis. A
meta-analysis of the risk factors associated with peritoneal dialysis showed that
the risk of encapsulated peritoneal sclerosis was higher in patients who had
received peritoneal dialysis for a much more extended period (MD: 1.15, 95% CI,
0.68-1.61, P < 0.001) [24].

b.The age at which peritoneal dialysis begins also influences the occurrence of this
complication: A lower age at which PD begins is associated with a higher risk of
developing encapsulating peritoneal sclerosis.

c. Duration of peritonitis episodes: A meta-analysis of the results of three studies
on 1375 patients demonstrated a clear link between peritoneal sclerosis and the
duration of peritonitis episodes (MD = 12.66, 95% ClI, 3.85-21.47, P = 0.005) [24].

d.The severity and repetition of episodes of peritonitis are also considered pre-
disposing factors for encapsulating peritoneal sclerosis, particularly fungal,
Staphylococcus aureus, and Pseudomonas infections.
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e. Using certain bioincompatible dialysates, others rich in glucose, and the acetate
used as a dialysate buffer could represent a risk factor for this complication [25].

f. Data analysis across 6 articles for 9135 patients showed an association between
PE and glomerulonephritis. Patients with glomerulonephritis (2413 cases) were
at greater risk of developing this complication (OR = 1.42, 95% CI, 1.02-1.97,

P =0.04) [24].

g.Certain drugs, such as beta blockers and calcineurin inhibitors, may also play a
predisposing role in the development of peritoneal sclerosis [24].

3.2.2 Diagnosis and clinical manifestations

Encapsulated peritoneal sclerosis is a complication diagnosed primarily through clin-
ical assessment and can be confirmed using imaging and exploratory laparotomy. The
most common symptoms include malnutrition (75% with an average body mass index
(BMI) of 17.7 kg/mz), abdominal pain (86%), abdominal distension (82%), and nausea
and vomiting (54%). Although the condition generally develops over time, a review
of the literature revealed that 29% of patients presented with acute surgical abdomen
symptoms such as intestinal obstruction, ischemia, and/or perforation [11, 21].

Early clinical manifestations are nonspecific, and physical examination is often
inconclusive. However, some patients may be present with blood-tinged dialysate
or ascites. It is only in the later stages that signs of intermittent obstruction (severe
cramping, abdominal pain, constipation, and vomiting) appear, and palpation at this
stage may reveal an abdominal mass [24].

While not considered the gold standard for diagnosing peritoneal sclerosis, a
computed tomography (CT) scan is still the most effective study method. Magnetic
resonance imaging (MRI) can also reveal similar findings, providing the added
benefit of avoiding exposure to ionizing radiation and offering better visualization of
bowel encasement and peritoneal thickening [11, 21, 24, 25].

3.2.3 Prevention and management

The leading risk factor for peritoneal sclerosis is the duration of peritoneal dialy-
sis. Strategies to reduce the risk include temporarily stopping dialysis, using biocom-
patible dialysates, and reducing the use of glucose-rich dialysates. Encapsulating
peritoneal sclerosis management may involve switching to hemodialysis and drug
therapy with Tamoxifen and Prednisone. Retrospective analyses have shown a reduc-
tion in mortality with Tamoxifen use [11, 18, 21, 24-26].

4, Conclusions

Although peritoneal dialysis is the method of choice for patients requiring renal
replacement therapy, mainly because of its financial advantages over hemodialysis, it
is not without consequences. It can be accompanied by complications of an infectious
nature, such as peritonitis and dialysis catheter-related infections, as well as non-
infectious ones, ranging from peritoneal sclerosis to disorders of mechanical origin
(peri catheter leak, catheter dysfunction), metabolic (hypokalemia) and miscel-
laneous (hernias, hydrothorax, gastrointestinal disorders). These complications,
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especially infectious ones, need to be addressed quickly and appropriately because of
the high mortality and morbidity associated with them. The prevention of complica-
tions is also an important aspect of the overall management of PD patients, making it
essential for all personnel involved, including the patient, to be appropriately trained
and to follow guidelines regarding the necessary good practices.
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Abstract

Peritonitis is a preventable risk associated with peritoneal dialysis technique.
Currently, the elderly population largely bears the burden of CKD, especially in
developing countries, where most patients who start dialysis are over 65 years of age
and may experience functional decline that demands support from caregivers. In
providing assistance, caregivers may experience negative physical and psychological
impacts on their quality of life, such as anxiety, depression and burnout syndrome
that may lead to peritonitis when caregivers disregard proper technique. Caregiver
burnout syndrome is not currently considered a risk factor for peritonitis, therefore
we aimed to review the existing literature on this topic and evaluate its frequency
among caregivers of patients on maintenance peritoneal dialysis and its possible
association with peritonitis.

Keywords: caregiver burnout, peritoneal dialysis, peritonitis risk factors, peritoneal
dialysis training, kidney dyad

1. Introduction

The burdens of dialysis disproportionately affect the elderly population and may
be associated with functional decline [1], thereby turning some patients dependent
on caregivers. In developing countries where long-term care facilities are scarce in the
public health system, the role of caregiver is frequently adopted by a patient’s relative.
This has been termed informal caregiving, as opposed to care received from trained
health personnel [2].

The relatively new concept of “caregiving burden” appeared in the 80s and it
encompasses the psychological, physical and social impacts on people who care for
patients with chronic and debilitating diseases. Informal caregiving has been recently
implicated as a risk factor for burnout syndrome [3].
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Burnout syndrome refers to the psychosocial impact associated with high-stress
occupations, which extend to informal caregiving. People who care for patients with
chronic diseases frequently experience stress in fulfilling the duties of care in addition
to their roles in family, workplace or other social environments [4]. In time, caregivers
may gradually place the duties of long-term caring above all other activities, including
self-care.

Burnout may be explained, at least, through three dimensions in the caregiving
context [2]:

1. Emotional exhaustion. Caregivers feel “overloaded” or “drained,” and feel they are
no longer able to carry on their role as caregivers. When caring.

2. Depersonalization. The relationship with the patients becomes detached; in
extreme cases, treating the patient as something, instead of someone
(termed reification).

3. Personal accomplishment. Helping a person who needs care may be a source of
meaning and fulfillment. People with burnout may feel that caring has “lost its
meaning” or “don’t know why” they do it.

Caregiver burnout has a negative social impact especially when the informal care-
givers sacrifice their formal job and/or reduce their social interactions with family and
friends. These adaptations frequently fail to compensate for the increased stress and
eventually lead to physical and mental health issues [5, 6]. In addition to this three-
dimensional model, other features that are associated with burnout syndrome include
emotional support, coping mechanisms and resilience and adjustment of identity [7].
Attending properly to these factors may even prove beneficial in some cases.

1.1 Epidemiology of caregiver burnout in the setting of CKD

Features of burnout syndrome have been strongly associated with caring
for CKD patients, and recent studies have shown a frequency above 50% [8, 9],
which may be even higher than that of caregiving in chronic neurological diseases.
Dialysis requires major lifestyle adaptations for the patient and their families, and
is frequently a long-term treatment, which accounts for the strong association with
burnout. Although both dialysis modalities (hemodialysis and peritoneal dialysis)
have been implicated, most developing countries do not have home hemodialy-
sis programs, therefore, peritoneal dialysis may pose a greater burden on the
caregivers.

1.2 Risk factors for caregiver burnout

Table 1 presents some factors that have been proposed as risk factors for caregiver
burnout, which may be attributed to the patient or the caregiver [10-12].

In a systematic review including 38 studies by Alshammarani et al. [13] several
factors were identified in relation to burnout syndrome, such as ethnicity, employ-
ment, income and religion/spirituality. Besides, they identified other factors related
to underlying disease, the environments and situations such as tobacco and alcohol
use, as well as level of physical exertion.
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Factors from the patient Factors from the caregiver
Functional status Age < 70 years

Cognitive status Female sex

Psychiatric symptoms Living in the same house as the patient
Behavioral issues Spousal relationship

Years on dialysis Sole caregiver

Educational level

Table1.
Proposed risk factors for caregiver burnout [10-12].

1.3 Caring for people with CKD: The kidney dyads

The relationship between a person living with CKD and their caregiver can be
studied as a dyad [14]. Most frequently, it is a family member who does not receive
financial compensation for being the caregiver. In Mexico, CKD patients who begin
dialysis are usually over 65 years old and their caregivers are frequently female, often
a daughter or spouse, mostly under the age of 55 years [15].

In time, the negative impact of caregiver burnout may extend to the patient on
dialysis if the caregiver disregards the PD technique, especially in the setting of func-
tionally impaired patients, who cannot perform the technique on their own. Among
dialysis modalities, a study in 180 Mexican patients on peritoneal dialysis showed that
continuous ambulatory modality (CAPD) showed higher levels of caregiver burnout,
compared to automated PD. This particular group also presented a higher mortality
measured one year after the start of dialysis [11].

The healthcare team should consider the various activities and duties of the caregiver
in order to identify and treat them properly. Several areas have been identified [16].

* Domestic duties. Grocery shopping, preparing meals and house cleaning.

* Everyday mobility. Providing aid for personal hygiene, feeding and mobilizing
the patient.

* Healthcare follow up. Ensuring dialysis technique, treatment compliance and
being able to identify the need for urgent medical evaluation.

* Emotional and social duties. Providing company, leisure time and conflict
resolution.

* Financial and legal duties. Including healthcare insurance, advanced care plan-
ning and end-of-life care.

* Dialysis-related. Technique training and retraining, hand hygiene, prescription,
intraperitoneal drug use, and care of the exit site [17].

Ensuring patient compliance includes bearing in mind the dietary restrictions as
well as maintaining the proper dialysis technique, which requires longer dedication in
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CAPD than in APD patients. Given that CKD is a terminal illness, when the patients
invariably reach the end of life, the caregiver frequently accompanies the patient
throughout this last stage.

1.4 Identifying caregiver burnout

The negative aspects of the long-term experience of caring may manifest as forms
of anxiety or anguish, feelings of fatigued and energy-depleted, deterioration of fam-
ily relationships, social isolation, excess medication use, and sleep cycle disturbances,
with depression-like symptoms. If neglected, by the caregiver or the healthcare per-
sonnel, their detrimental effects on health extend beyond the caregiver and negatively
affect the patient. Eventually, health systems around the globe will begin experiencing

greater workloads and increased costs for attending chronic diseases [18].

Several instruments have been developed to evaluate the symptom burden associ-
ated with caregiver burnout (Table 2), with attention to health and quality of life,
emotional state, depression, satisfaction with life, family stress, relationship stress,
sleep pattern, and sexual health. Specifically, some of them address the subjective
experience unique to caring for a family member with a terminal illness.

Escala Source Description Domain or factors Language
Zarit Burden Zarit et al. [20] Subjective Burdens related to health, English, Spanish,
Interview (ZBI) psychological well-being, Hebrew, Japanese,
finances, social life and Turkish, French,
relationship with patient. Swedish and
Chinese.
Caregiving Gerritsen [21] Subjective Burdens related to health, English, Spanish,
Burden Scale psychological well-being, Japanese, French,
(CBS) finances, social life and Swedish and
relationship with patient. Chinese.
Caregiving Robinsosn [22] Subjective Burdens related to English
Strain Index employment, financial,
(CSI) physical, social, and time
constraints
Caregiving Given etal. [23] Subjective Burdens related to English, Japanese,
Reaction self-esteem, lack of Thai, Dutch and
Assessment family support, impact Korean.
(CBS) on finances, schedule and
impact of health
SF-36 Ware et al. [24] multidimensional Burdens related to English, Spanish,
physiological functioning,  Japanese, Turkish,
bodily pain, general French, Swedish
health, vitality, social and Chinese.
functioning and mental
health.
Beck's Beck et al. [25] Subjective Scale was developed as a English, Spanish,
Depression quantitative measure of Hebrew, Japanese,
Inventory depression Turkish, French,
(BDI) Swedish and
Chinese.
Table 2.

Caregiver measurement Instruments [19].
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Gilbertson et al. performed a systematic review with 61 high-quality studies,
however, they found over 70 different scales were employed [19], They analyzed data
on 5367 caregivers of people with chronic dialysis and found that the most frequently
used instruments were SF-36, ZBI, CES-D and BDI; due to heterogeneity in the data
recollection, comparisons between groups was not possible.

Future studies will be required to standardize the evaluation of burnout syndrome
among chronic dialysis caregivers, and importantly, they require cultural adaptation
that understands the nuances in cultural significance of the act of caring [26].

Zarit test is one of the most frequently used instruments. Developed in 1980 by
Zarit, Reever and Bach-Peterson, it aims to evaluate the caregiving experience and
has been translated to and validated in several languages. It consists of 22 items with
Likert.type responses, its results vary among the population studied. The Spanish
translation has been validated on three categories of burnout: no burnout, mild and
moderate—severe [27].

Compared to the general population, quality of life among informal caregivers
is lower and similar to the quality of life reported by the very patients with chronic
diseases [19].

More recently, Shankar et al. proposed a protocol for systematic evaluation and
application of the many tools mentioned before, aiming to select them appropriately
to the context of the caregiver [28]. It is necessary that research focuses on longitudi-
nal follow up to better understand the effects of caregiving, considering the dynamic
relationship and evolving challenges.

1.5 The impact of caregiver burnout on patients with dialysis

The well-being of caregivers has a direct effect on the healthcare of patients,
thus ensuring maximal benefits. This association can be prejudicial, as well. Irianda
etal. [11] studied 180 dyads of patients on peritoneal dialysis, and observed that
caregiver burnout was associated with an increased frequency of patient hospi-
talizations, some of which were due to peritonitis (17%), heart failure, surgical
procedures and gastrointestinal bleeding. Of the patients admitted with peritonitis,
42% presented caregiver burnout. The most distressing finding in their study was
that patients with both a high burden of disease and caregiver burnout had the
highest mortality at 12 months.

1.6 Patient and caregiver perspectives on burnout in peritoneal dialysis

It is well known that peritoneal dialysis offers patients a higher degree of
autonomy and they have been shown to feel better control over their disease course.
However, the dialysis routine can, eventually, overcome the benefits, with many
patients disregarding PD or opting for in-center dialysis.

Besides, burnout in the dyad may contribute to low acceptance of PD and be a
major contributing factor for dialysis survival. Therefore, many developing countries
which rely heavily on PD for most patients with ESKD need to address these issues if
they want to increase PD acceptance.

A focus group study with 81 patients and 45 caregivers in Australia, Hong Kong
and the USA identified two major themes that contribute to burnout [29].

* The responsibilities are never-ending and undeniable. A feeling of loneliness.

<«

“I can’t take it any longer,” “the same routine over and over, it is dialysis or death.”

147



Peritoneal Dialysis in the Modern Eva

Caregiving  Occasional Daily life Expansion on Long term Death
trajectories  visiting activities daily life activities  care facilities
Caregiver Accompanying Monitors Observes changes Advance care Funeral
tasks medical symptomsand  in behavior, planning arrangements
appointments medication personal hygiene, Emotional Financial
Monitor and check  Finances and insurance support issues and
prescriptions and household paperwork insurance
communication management paperwork
with health Emotional
professionals support
Effects Anxiety Anxiety, Psychiatric The burden, Recovery:
anguish comorbidities psychiatric relief and grief
morbidityand ~ Depression
stress continue
Table 3.

Effects on the caregiver [16].

* Adapting and becoming resilient against burnout requires establishing a “new
routine,” you accept it and move on (Table 3).

2. How to identify peritoneal dialysis-associated peritonitis

Peritonitis should be diagnosed when at least two of the following are present [30]:

1. clinical features consistent with peritonitis, that is, abdominal pain and/or

cloudy dialysis effluent;

2.dialysis effluent white cell count >100/pL or > 0.1 x 109/L (after a dwell time of

atleast 2 h), with >50% polymorphonuclear leukocytes.

3. positive dialysis effluent culture.

2.1 Peritoneal dialysis-associated peritonitis: Impact and prevention

Peritoneal dialysis-associated peritonitis remains the main cause of PD failure.
The role of caregiver is only marginally considered as a risk factor by international
and national guidelines [30]. A change of caregiver is acknowledged as an indication
for PD retraining. Sepsis and peritonitis are the main indications for switching to

hemodialysis, and therefore, increase long-term health expenditures [31].

The impact of peritonitis on mortality remains controversial, mainly due to the

following concerns:

a.A consensus on the definition of peritonitis-related mortality was achieved in
2022, thereby defined as death occurring within 30 days of the start of peritonitis
or during the hospital stay for that cause [30].

b.Indirect long-term effects induced by peritonitis, such as inflammation, malnu-
trition and functional changes in membrane transport [32-34].
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c. Peritonitis is a time-dependent variable which is rarely adjusted for in statistical
anaylsis [35].

d.Severe or persistent peritonitis may be associated with intestinal obstruction,
perforation and sepsis, which may also be reported as causes of death.

e. Patients with peritonitis are prone to other infectious disease sharing common

pathophysiology.

f. Long-term dialysis has been associated with higher alkaline phosphatase as a
marker of high-turnover bone disease, which could be an independent risk factor
for adverse outcomes in PD [36].

A retrospective cohort of 1321 patients on PD showed that peritonitis is an inde-
pendent risk factor for all-cause and cardiovascular mortality, after adjusting for age,
sex, diabetes, cardiovascular disease, residual kidney function, hemoglobin, phos-
phorus and albumin [aHR = 1.95, 95% CI 1.45-2.60, p < 0.001] [35].

Prevention of peritonitis is endorsed by international guidelines [30], including
the following:

* Requesting direct and prompt assessment by the dialysis team if contamination
is suspected.

* Administer prophylactic antibiotics after wet contamination of PD connection
system. No standard regimen for such antibiotics have been established, and
must guide on local antibiotic resistance.

* Antibiotic prophylaxis before invasive routine procedures such as colonoscopy
and gynecologic procedures.

* PD exchange technique and knowledge be regularly reassessed and updated,
with an emphasis on direct inspection of practice of PD technique.

* Take extra precautions to prevent peritonitis if patients have household pets.
* Avoidance and treatment of hypokalemia may reduce the risk of peritonitis.

In the long-term, efforts to prevent peritonitis and sustain the long-term
well-being of the kidney dyads can also have a beneficial impact on public health
systems.

2.2 Impact of peritonitis on caregivers

There is scarce research of the consequences of a peritonitis event on the caregiver,
sometimes they may express a feeling of guilt, considering that inadequate technique
failure drives most of the episodes of peritonitis in ambulatory patients, and perceive

the functional deterioration of the patient. These events may eventually precipitate
depression requiring medical intervention [37].
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2.3 Caregiver burnout and treatment abandonment

Recently, caregiver burnout has been proposed as an important reason behind the
decision to withdraw dialysis. Zhang et al. described the most frequent non-medical
factors behind withdrawal, mentioning an absence of caregiver, loss of trust in PD
and caregiver burnout [31].

Transfer to HD could be a contributing risk factor to mortality. Burn out may be
severe enough to require a transfer to HD, despite other indications [38].

3. Professional assisted PD

This strategy is the first choice in developed countries such as the USA, Canada
and France, and requires a formal paid caregiver, who performs PD technique. Such
personnel may be trained nurses or related health staff who have been properly
trained on peritoneal dialysis. The cost of such programs vary from 950 USdollars per
day (11,000 USD/year), and is the main barrier that prevents its implementation in
developing world [39].

Certain conditions associated with aging may present barriers to caring for oneself
and performing PD technique properly, such conditions include sarcopenia, limited hand
mobility and fine motor control, visual and auditory impairment, and limited cognitive
and learning abilities. A few studies have aimed to evaluate if assistance in home PD
increases uptake. Oliver et al. [40] concluded that each of the barriers mentioned above
reduces home PD uptake by 26% (p = 0.02) and the availability of assistance for home
PD increased the likelihood patients would be considered eligible for PD by the multi-
disciplinary team There were no statistically significant differences in the choice by the
patient whether they were eligible and in PD as a chronic modality between the groups.

Hospitalizations, length of stay, change of modality and death were not different
between assisted PD and traditional modalities.

To our knowledge, there are no currently published studies that evaluate PD
complications (peritonitis) in the settings of formal vs. informal care; however, a few
studies have evaluated the following situations:

* Quality of life and psychosocial effects on the caregiver in assisted PD compared
to self-care PD. No statistically significant differences have been found through
SF-12,KDQOL-SF, HADS and Zarit test [41].

* Quality of life between PD and HD. No significative differences have been found
on caregiver burnout [42].

* Some studies have found a slightly higher frequency of burnout in informal
caregivers vs., formal caregivers in HD patients [43].

4. Interventions for preserving caregiver well-being

A growing body of research is now focusing on preserving the well-being of the
patient and their caregivers in the long run. So far, there is low-quality evidence to
support protocols and psychological support systems of caregivers in the context of
CKD and dialysis, such as:
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* Caregiver empowerment programs. Group sessions by health personnel
(nephrologist, nurse specialist, psychology/psychiatry specialist) focusing on
health education and patient-family relationship [44].

* Psychosocial and educational interventions, by individual or group sessions
(patient, caregiver and social workers) [45].

* Family-based training, practical workshop, group feedback and techniques for
stress management.

* Caregiver-education program. Focusing on the caregivers, sessions are carried in
the absence of the patient.

* Load sharing: short-term changes with support from other informal caregivers.

* Flexibility in the dialysis prescription, guidance on schedule modifications in
event of emergency.

5. Conclusions

* Caregiver stress and caregiver burnout are common and usually go unnoticed,
which can lead to adverse health outcomes for caregivers if not detected and
managed in a timely manner.

* Effects of caregiver burnout on the long-term dialysis patient have not been well
studied. However, small studies have shown that it can have an effect not only
on the cariveger’s health but also on the patient’s health, even being considered a

risk factor for the development of peritonitis.

* There is a need to standardize a validated clinical tool for assessment of caregiver
burden in this area.

* Development of optimal information programs on the education and adequate
support of family caregivers of dialysis patients should be promoted.
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Abstract

The process known as peritoneal dialysis (PD) has become widely accepted
in the treatment of both chronic as well as acute kidney injury due to its ease of
use and benefits over other forms of dialytic treatment like hemodialysis (HD).
As aresult, during the past 40 years, PD has been widely used in many large and
small hospitals to treat renal injury. PD was first used in September 1967 for a
fourteen-year-old patient with acute kidney injury post vibriosis. Since then, acute
intermittent peritoneal dialysis (AIPD) has been widely used in different centers
all over Iraq. Pediatric patients had shared this practice in pediatric dialysis units
as well as adults who usually had contraindications to hemodialysis. Attempts to
have continuous ambulatory peritoneal dialysis (CAPD) and automated peritoneal
dialysis (APD) were tried in the early 1990s but were not successful because of a
lack of access to maintain and sustain solutions and task forces to have a successful
insertion of intraperitoneal catheters properly. PD is still an effective treatment for
acute kidney damage in children in developing countries, though, particularly in
cases where patients have severe coagulation abnormalities, hemodynamic compro-
mise, difficulty gaining vascular access, and a shortage of blood lines suitable for
children.

Keywords: peritoneal dialysis, acute kidney injury, acute intermittent, continuous
ambulatory, fluids

1. Introduction

Though Nephrology is still considered the most complicated specialty in medicine,
it continues to be “The Queen of the Battle”. In the globe, chronic kidney disease is
scoring the highest among other diseases [1].

Almost 750 million people are suffering from renal diseases because of the
increased incidence and prevalence of diabetes mellitus, the leading cause of end-
stage kidney disease (ESKD) along with hypertension, obesity, cardiovascular
diseases, increased age, glomerular diseases with cystic diseases of the kidney, and
other hereditary diseases [2].
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Acute kidney injury (AKI) is a major source of morbidity and death in criti-
cally ill individuals as well as older people in developing countries. Intra-ICU
patients with sepsis, cardiorenal syndrome, and hemodynamic instability make
up 30% of the patient population. The dialysis methods utilized in AKI include
hemodialysis (HD), continuous renal replacement therapy (CRRT), and acute
intermittent peritoneal dialysis (AIPD), which can be performed manually or,
in more modern facilities, with an automated system. Since PD is an affordable
option for treating AKI, it is frequently utilized in rural locations where access
to power, clean water, and water treatment centers is limited. This is particularly
true in developing countries, where big cities and towns are the primary locations
of renal replacement centers [3].

In this chapter, we discuss how we can maintain peritoneal dialysis to vitally
maintain and sustain the service in the face of the horizontal expansion of hemodialy-
sis services where more needs for establishing buildings, more human resources, and
continuous electricity are required. Health economy costs from all aspects will save
more facilities and effort.

2. History of peritoneal dialysis in Iraq

The first AIPD was attempted in September 1967. A fourteen-year-old patient was
admitted to the medical ward in Medical City Hospital, Baghdad, Iraq, because of AKI
as a result of severe dehydration post vibriosis. Dr. Thamer Ahmed, a pediatrician
who first did AIPD rescued the life of that patient [4, 5].

Renal replacement therapy options for pediatric patients with AKI are numerous
and comprise CRRT, HD, and PD [5, 6].

However, the main disadvantages of HD and CRRT therapies are their increasing
financial burden and reliance on technology. Because pediatric patients require spe-
cialized blood pumps, hemofilters, and blood lines of different sizes to suit both large
and small patients, the use of CRRT therapies is even more dependent on technology
than it is in adult patients [6, 7].

Furthermore, in order to safely administer these complex techniques, specialized
nursing workers with experience caring for such patients are required. When com-
pared to continuous dialysis, AIPD requires significantly fewer financial resources,
equipment, and technical know-how [8, 9].

3. Acute intermittent peritoneal dialysis

3.1 Outcome and complications of acute intermittent peritoneal dialysis in
Al-Kindi Teaching Hospital

Patients hospitalized in the dialysis unit of Al-Kindi Teaching Hospital under-
went AIPD, which was a safe, straightforward procedure that required less skill
than HD and had complication rates that were almost identical to those of other
reputable centers.

A cross-sectional study on adult patients who had undergone PD and were admit-
ted to the dialysis unit at Al-Kindi Teaching Hospital was conducted between January
2011 and June 2012. In order for staff to assess the etiology of kidney failure, the
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Causes No. %
Acute renal failure Acute tubular necrosis 80 11.96
Rapidly progressive GN 35 5.23
Acute interstitial nephritis 32 4.78
Obstructive uropathy 11 1.64
Hepatorenal syndrome 10 149
Total 168 2511
Chronic renal failure Diabetic nephropathy 170 25.41
Chronic GN 102 1525
Hypertension 94 14.05
Chronic pyelonephritis 72 10.76
Obstructive uropathy 63 942
Total 501 74.89
Total 669 100
Source: Al-Saedi [10].
Table 1.
Causes of renal failure of patients.
Indication No. of patients %
Metabolic acidosis 214 31.98
Encephalopathy 169 25.26
Fluid overload 151 22.57
Hyperkalemia 82 1226
Pericarditis 29 4.35
Uremic symptoms 24 3.58
Total 669 100

Source: Al-Saedi [10].

Table 2.
Indications of acute dialysis.

appropriateness of dialysis, the comorbidities, and the prognosis of PD, we created a
form (Tables1and 2).

Of the patients, 349 had complications (52%). Bleeding in the peritoneal cavity
was the most frequent problem (30%), followed by a dialysis solution leak (25%).
Peritonitis-related complications to dialysis episodes were 2.5%. The death rate was
15% (Tables 3 and 4).

In conclusion, Al-Kindi Teaching Hospital successfully and safely carried out
AIPD. Tighter nursing precautions and more stringent supervision of new physicians
could lead to improvements [10].
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Complications* Number of episodes %

Mechanical Bleeding 201 30
Peritoneal solution leak 167 25

Abdominal pain 147 22

Bowel perforation 1 0.15

Metabolic Hyperkalemia 132 20
Hyperglycemia 33 5

Infection Peritonitis 17 25

Source: Al-Saedi [10]. The patient may develop move than one complication at the same time.

Table 3.
Complications of acute intermittent peritoneal dialysis.

Causes of death Acute renal failure Chronic renal failure
Total no. Pvalue
No. % No. %
Septicemia 33 49.25 6 18.18 39 0.005
Brain stem stroke 20 29.85 36 0.11
16 48.48
Acute leukemia 3 448 3 0.54
Myocardial infarction 7 21.21 15 0.36
8 11.94
Pericardial tamponade 4 0.55
4 1212
Hepatorenal syndrome 3 4.48 3 0.54
Total 67 100 33 100 100 0.001

Source: Al-Saedi [10].

Table 4.
Causes of death in patients on intermittent peritoneal dialysis.

3.2 Peritoneal dialysis in children with acute renal failure in Ibn Al-Balady
hospital

This study is a retrospective analysis of 125 children who were admitted to the
dialysis unit at the Ibn Al-Balaydy Hospital for Pediatrics and Gynecology between
August 2011 and April 2014 (a period of 32 months). Of the 125 children admitted
during this period, only 82 patients were included in the analysis; the remaining 34
patients had chronic kidney failure, 15 of whom had incomplete or missing records.

The 82 children in the study had a mean age of 13 + 19.5 months, with 47 (57.3%)
of them being male. All patients (100%) had azotemia, with 60 (73.2%) having oli-
guria, 26 (31.7%) having anuria, 32 (39%), having volume overload, and 28 (32.9%)
having encephalopathy. For 32 patients (39%), the most common cause of AKI was
sepsis; for 16 patients (19.5%), glomerulonephritis affected 10 individuals (12.2%),
and hemolytic uremic syndrome (HUS) affected 9 patients (11%). The most common
PD consequence occurring in 33 (40.2%) of patients is peritonitis. Septicemia (63%)
and the prevalence of fluid overload, peritonitis, encephalopathy, and anuria (66.7,
66.7, 63, and 59.3%), respectively, were the main causes of the total mortality of 32.9%
(Table5).
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Variable Category Non-survivors (n=27)

Age <1y 23 (85.2)
sly 4 (14.8)
Sex Male 15 (55.6)
Female 12 (44.4)
Fluid overload Presence 18 (66.7)
Absence 9(33.3)
Anuria Presence 16 (59.3)
Absence 11 (40.7)
Encephalopathy* Presence 17 (63.0)
Absence 10 (37.0)
Peritonitis’ Presence 18 (66.7)
Absence 9(33.3)
Causes Septicemia’ 17 (63.0)
HUS 5(18.5)

Gastroenteritis 2 (74)

GN 1(3.7)

Post renal 1(3.7)

Source: Salim Zyarah Abdullah [11].

Tables.
Outcome of pediatric patients treated with PD.

In summary, AIPD is the recommended renal replacement therapy option for chil-
dren experiencing AKI due to its ease of use and practicality, particularly for patients
who are hemodynamically unstable and neonates or early infants. The significant
death rate in pediatric AKI is attributed to both septicemia and the severity of the
condition. Reducing death rates greatly benefits from early identification and referral
of individuals who are at risk [11, 12].

3.3 Indications and complications of peritoneal dialysis in children with acute
renal failure, a single-center experience

Fifty-nine (59) children with AKI who were admitted to the Child Welfare
Teaching Hospital between April 20, 2012 and May 1, 2014, are included in this
retrospective investigation.

In the present study, 59 children, ages ranging from 8 days to 15 years, with AKI
were enrolled; 23 (39%) were female and 36 (61%) were male. AKI was primarily
caused by sepsis (71.1%), hemolytic uremic syndrome (10.9%), and congenital
abnormalities of the renal system (13, 22%). Dialysis-related complications were
considerably rare among the patients in the study (18.6%; p < 0.001). Category dys-
function accounted for 45% of dialysis-related complications. One case of peritonitis
(9%; p = 0.01). After PD, 42 individuals showed improvement in their renal function.
Ninety-seven (6%) of these patients survived (p < 0.001). In all, 22% of people died.
Severe sepsis accounted for 57% of the patient deaths. Conclusions: AIPD remains a
viable and easy-to-achieve treatment option for kids with AKI (Table 6) [13].
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Variable Death Survival *7 P
No. % No. %

Recovery of renal function

Yes 1 24 41 976 N
327 <0.001

No 12 70.6 5 294

Causes of ARE
Dehydration 1 25.0 3 75.0
Sepsis 4 571 3 429
Hemolytic uremic syndrome 2 20.0 8 80.0
Glomerulonephritis 0 1 100.0
Nephrotic syndrome 1 20.0 4 80.0
Polycystic kidney 0 1 100.0 - 07
Poisoning 0 4 100.0
metabolic disease 1 20.0 4 80.0
Congenital malformation of renal system 3 231 10 76.9
SLE nephropathy 0 2 100.0
Obstructive uropathy 1 333 2 66.7
Acute on chronic renal failure 0 4 100.0

Source: Nariman [13]. Fishers exact test.

Table 6.
Correlation between recovery of renal function and causes of acute venal failure with outcome of the study group
after PD.

4. Continuous ambulatory peritoneal dialysis

Over 750 million people worldwide suffer from the debilitating condition
known as chronic kidney disease (CKD), which is impacting roughly 10-15% of the
population [14].

4.1 Spectrum of complications of patients with chronic kidney disease on
maintenance continuous ambulatory peritoneal dialysis: An experience of
tertiary nephrology Center in Najaf City, Iraq

This cross-sectional study included 140 patients (74 women and 66 men) who
were receiving dialysis at the renal center for CKD under managed care plans
(MCAPD). The participants ranged in age from 18 to 80 years. Participants with
PD or HD diagnoses and acute renal disease were not allowed to participate in
this study.

There is a notable variation in the distribution of complications by gender in the
present study, with female patients having a greater prevalence of both infected and
non-infectious issues. The study also found that, as compared to open procedures, the
rate of complications among patients undergoing laparoscopic procedures is signifi-
cantly lower. Furthermore, the problems were more advanced in open abdomen PD
patients than in laparoscope maintenance continuous ambulatory peritoneal dialysis
(CAPD) patients (Figure1).
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In summary, out of all the consequences found in this study, peritoneal infec-
tion is the most common. When compared to HD and open surgery, the rate of
problems among individuals with PD and laparoscopy is significantly reduced
(Figure 2) [15, 16].

4.2 Variation of thyroid hormone levels in patients receiving peritoneal dialysis

The kidney plays an important role in thyroid hormone metabolism and iodine excre-
tion. In addition to structural and functional changes in the thyroid gland, malnourish-
ment and increased catabolism are associated conditions in CKD that affect the thyroid’s
hormone metabolism on their own. In contrast, the Wolff-Chaikoff phenomenon is
caused by a decrease in iodine excretion in end-stage renal complications (ERCs), which
results in an increase in plasma levels and their inorganic component. Data from uremic
patients indicate that iodine’s incorporation into thyroid hormones may be reduced.

25
18 0 s
15 §
fhut
10 g
6 5 2
0
Edema Peritoneal Urinarytract
infection infection
W Laparoscopy 18 24 10
@ Open method 6 8 6
W Laparoscopy EOpen method
Figure 1.
Distribution of complications according to the type of operation. Source: Sharba [15].
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Figure 2.
Distribution of infection according to time of occurrence. Source: Sharba [15].
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A total of 100 patients—63 males and 37 women—were examined. The major
modality of PD was continuous ambulatory; the average age was 58.2 years, and the
average duration of PD was 29.2 + 3.7 months. Roughly three-quarters of the partici-
pants exhibited at least one change in thyroid hormone; 36 of them had subclinical
hypothyroidism, while seven had primary hypothyroidism (PH). Conclusions:
Thyroid profile screening is a good idea for PD patients [17].

4.3 Outcomes and trends in continuous ambulatory peritoneal dialysis:
A retrospective analysis at Najaf Centers (2014-2022)

Retrospective data collection was conducted on patients who began CAPD
between 2014 and 2022. Demographic information, method survival, transfers
to alternative dialysis modalities, and patient outcomes, including death, were all
included in the study. The trends and related complications of the three methods used
to introduce CAPD catheters—open laparotomy, percutaneous incision, and laparo-
scopic—were also examined.

In terms of technique, percutaneous insertions required more revisions and were
more likely to result in infection issues than laparoscopic insertions, which demon-
strated higher patency rates and fewer early difficulties. Laparoscopic CAPD had the
highest technique success rate (79.5%), followed by open laparotomy (46.5%) and
percutaneous CAPD (45.6%) (Figure 3).

In conclusion, renal replacement therapy such as CAPD is essential, but it is not
without risk, including death. To improve patient care and clinical procedures in
CAPD, it is imperative to consider the findings of this study on technique efficiency,
patient outcomes, and causes of death. The change at Najaf Centers from open
laparotomy to laparoscopic treatments is consistent with a larger trend in medicine
toward less invasive procedures, which this study has demonstrated to have superior
results from [18, 19].

Fate of CAPD catheter

130, 20%

211,33% W Died
E Kidney transplant
: 20, 3% ; ® Transition to HD
189, 29% e m Transfers to other centers
® remain in our center

Figure 3.
The fate of CAPD catheter. Source: Sharba [18].
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Requirements for inclusion Criteria for exclusion
Iraqi adults with end-stage renal illnesses who were 18 years Individuals suffering from cancerous
of age or older had CAPD illnesses
A provincial resident of Al-Najaf Numerous operations on the abdomen
Enrolled at the Middle Euphrates Peritoneal Dialysis Facility Neglected to follow-up
Men and women in equal measure Information missing from the medical
record
Table7.

Show the inclusion and exclusion critevia [20].

4.4 Outcomes of continuous ambulatory peritoneal dialysis in treatment of
end-stage renal disease in patients registered at Middle Euphrates Center for
Peritoneal Dialysis

This cross-sectional study was carried out in the Iraqi province of Al-Najaf, which
is situated in the center of the country and roughly 160 kilometers south of Baghdad,
the capital. The Middle Euphrates Peritoneal Dialysis Center, a specialized facility
under the Najaf Health Directorate, served as the study’s location. Data for the cases
that were registered and handled by CAPD before 2022 was gathered retrospectively
for this study, while prospective data was collected for newly attended cases that
were recorded between mid-2023 and mid-2024. The study population comprised all
enrolled patients under CAPD management at our facility, from which 93 individuals
were chosen as a sample based on the eligibility requirements (inclusion and exclu-
sion standards) shown in Table 7.

The “do it yourself” option known as CAPD has emerged as a viable substitute for
hospital-based or HD, offering advantages to patients, their families, and the health-
care system. In several centers throughout Iraq, the majority of patients continue
to receive their dialysis in hospitals, and CAPD is not commonly used there. In the
present study, we evaluated the effects of CAPD in end-stage renal disease patients
enrolled at the Middle Euphrates Peritoneal Dialysis Center in Najaf City.

CAPD, a “do it yourself” option that benefits individuals, their households, and
the health care system, has become a competitive alternative to hospital-based or
home HD. The majority of patients in a number of sites across Iraq still receive their
dialysis in hospitals, and CAPD is not frequently utilized there. In the present study,
individuals with end-stage renal illness who were recruited at the Middle Euphrates
Peritoneal Dialysis Center in Najaf City were tested for the effects of CAPD [21].

5. Current and planned PD program in Iraq

There is a tremendous increase in both prevalence and incidence of CKD in the
country, with 14% of the Iraqi population (45.6 million) having CKD. One million and
600.000 are having CKD (grades 3-5). The number of HD centers has been increas-
ingly expanded from 40 to 120 centers to face challenges. The vision is to create highly
effective PD facilities to recruit 20-30% of patients who have CAPD or APD.
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The presence of proper infrastructure as regard centers devoted to PD in different
governments in Iraq, including well-established centers in Najaf in the middle of Iraq
and Basra in the south, with a big training and educational center in Medical City, the
biggest teaching center in Iraq, as well as in Mousel, north of Iraq. With the presence
of a highly trained PD medical staff dedicated to PD service, the service will be set for
success. A highly skilled surgical team to insert PD catheters is already available with
accumulative experience in the field.

The giant step was to have a contract to manufacture all types of PD fluids in Iraq
under MOH supervision—a step to maintain the availability of fluids and to sustain
supply to patients in the long run.

Acute dialysis was indicated for metabolic acidosis, uremic symptoms, fluid
overload, hyperkalemia, pericarditis, and uremic encephalopathy.

PD complications were categorized as mechanical, metabolic, and infectious.
There were 349 individuals with problems, representing a 52% risk of occurrence.

One hundred people lost their lives. Thirty-three patients remained with chronic
renal failure, while 67 patients died of acute renal failure. Since PD patients had well-
controlled plasma biochemistry, the underlying illness—rather than uremia—was the
cause of death. Uremia is directly responsible for only four of the deaths.

The degree of renal failure has a major impact on the prognosis of peritoneal
dialysis (PD). Of the 35 patients who presented with fluid overload, 20 died during
or shortly after PD, accounting for 74.1% of deaths; the 17 patients who died from
encephalopathy accounted for 63% of deaths. Patients receiving PD treatment were
at significantly higher risk of dying from septicemia and peritonitis (as a consequence
of either septicemia or PD) (p value <0.05). Out of the 32 patients diagnosed with
septicemia, 17 of them died (63% of deaths), while 18 of the patients diagnosed with
peritonitis (66.7%) also died.

Renal function recovery and outcome were statistically significantly correlated
(p < 0.001). In patients whose renal function did not return, about two-thirds of
them died.

Figure 1 shows the distribution of complications according to the type of opera-
tion used in CAPD either open method or laparoscopy.

Figure 2 shows the distribution of infections by the time of incidence following
CAPD, either by laparoscopy or open technique.

Of these, 432 patients had either switched to another modality or were still on
CAPD; 211 of the patients had died. In our facility, 130 patients with CAPD remained
to have a decent quality of life, 189 were switched to hemodialysis, and 20 patients
underwent kidney transplants. The government newly created facilities will provide
funding for the remaining 93 transfers.

6. Conclusions

Using PD as their “initial” renal replacement therapy (RRT) modality would prob-
ably help more patients due to its greater survival in the first 2 years. Strong argu-
ments for starting PD include schedule flexibility, the potential to avoid necessary
hospital visits, which saves time, and the simplicity of doing dialysis at home. Patients
with peritoneal dialysis are not limited in any way in their travel, employment, or
social activities. While infections among HD patients have increased, PD-related
infections have decreased as a result of technique developments. Thus, there is a
higher chance of septicemia, hospitalization, and death for HD patients.
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For prospective receivers, PD is the preferred modality because transplant patients
with prior PD are more likely to have a faster reduction in plasma creatinine, be less
likely to develop delayed graft function and have a lower chance of transplant failure
or death. PD usually permits the initial preservation of residual renal function (RRF)
in the majority of patients because of the native kidneys’ contribution to improved
intermediate molecular clearance, fluid status, heart function, nutrition, hemoglobin
levels, bone mineral metabolism, and overall standard of living.
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Peritoneal dialysis, which is part of integrated renal care that includes kidney
transplantation and hemodialysis, is a home-based therapy with multiple benefits over
those of hemodialysis. These benefits include preservation of residual kidney function,
preservation of vascular access, lower risk of infection and bleeding, better early years

survival rate, a better bridge for kidney transplantation, and higher satisfaction level
of patients with improved quality of life. Over the past 20 years, peritoneal dialysis
treatment has witnessed significant improvements in peritoneal dialysis solutions,
cyclers, and remote patient management, among others. Despite these advances,
the peritoneal dialysis penetration rate remains low globally. This is due to multiple
factors, including lack of or inadequate training of healthcare professionals. The book
Peritoneal Dialysis in the Modern Era represents an update on selected and important
theoretical and practical aspects of peritoneal dialysis therapy. It contains elegantly
written chapters by distinguished and experienced authors. These include the quality
of life on peritoneal dialysis, peritoneal dialysis in the pediatric age group, and the
impact of green dialysis. Each chapter provides a clear description in a simple and easily
understood layout, which is supported by illustrations and/or figures or tables and lists
of related references for further reading.
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