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Annotation: This article provides a comprehensive review of anemia
syndrome in children with chronic kidney disease (CKD). The authors discuss the
causes of anemia in CKD, including impaired erythropoietin production, shortened
red blood cell lifespan, and iron deficiency. They also explore the consequences of
anemia in CKD, such as impaired growth and development, reduced cognitive
function, and increased morbidity and mortality. The article also covers the current
management strategies for anemia in CKD, including erythropoietin-stimulating
agents and iron supplementation. The authors highlight the importance of regular
monitoring and treatment of anemia in children with CKD to improve their quality
of life and long-term outcomes.
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Introduction: Anemia is a common complication in children with chronic
kidney disease (CKD) and can have significant adverse effects on their health and
well-being. Anemiais defined as a reduction in the number of red blood cells (RBCs)
or hemoglobin concentration in the blood, leading to decreased oxygen-carrying
capacity and tissue hypoxia. In children with CKD, anemia typically develops as a
consequence of impaired erythropoietin (EPO) production, shortened RBC lifespan,
and iron deficiency. The prevalence of anemia in children with CKD increases with
the severity of renal impairment, and it affects up to 90% of children with end-stage
renal disease (ESRD).

The causes of anemia in children with CKD are multifactorial. One of the
primary factors is the impairment of EPO production by the kidneys. EPO is a
hormone produced by the kidneys that stimulates the production of RBCs in the bone
marrow. In children with CKD, the kidneys' ability to produce EPO is reduced due
to the loss of functioning nephrons. As a result, there is a decreased production of
RBCs, leading to anemia. Another factor contributing to anemia in CKD is the
shortened lifespan of RBCs due to oxidative stress and uremia. The accumulation of
uremic toxins in the blood damages RBCs and reduces their lifespan, contributing
to anemia. Finally, iron deficiency is a common cause of anemia in CKD. The
kidneys play a crucial role in iron metabolism, and impairment of renal function can
lead to decreased iron absorption, utilization, and recycling.
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Anemia in children with CKD can have significant consequences for their
growth and development. The reduced oxygen-carrying capacity of the blood can
Impair tissue oxygenation, leading to tissue hypoxia and impaired growth. Children
with anemia may also experience fatigue, reduced stamina, and exercise intolerance,
which can limit their ability to participate in physical activities. In addition to the
physical effects, anemia can also impact cognitive function and academic
performance in children. Studies have shown that anemia is associated with
decreased attention, memory, and processing speed, which can impair academic
achievement.

Anemia in children with CKD is also associated with increased morbidity and
mortality. Anemia can lead to cardiovascular complications, such as left ventricular
hypertrophy, congestive heart failure, and cardiac arrhythmias. Children with
anemia are also at increased risk of infections and hospitalizations. Moreover,
anemia has been shown to be an independent risk factor for mortality in children
with CKD. Children with ESRD and anemia have a higher mortality rate than those
without anemia, highlighting the importance of treating anemia in this population.

The management of anemia in children with CKD involves addressing the
underlying causes and correcting the anemia. Treatment options include EPO-
stimulating agents (ESAS), iron supplementation, and blood transfusions. ESAs are
synthetic forms of EPO that stimulate RBC production in the bone marrow. ESAS
have been shown to be effective in correcting anemia in children with CKD and
improving their quality of life. Iron supplementation is also an essential component
of anemia management in CKD. Iron supplementation can improve erythropoiesis
and reduce the need for blood transfusions. Blood transfusions are reserved for
severe anemia or when other treatments have failed.

Regular monitoring of anemia is crucial in children with CKD to ensure that
anemia is detected and treated promptly. The frequency of monitoring depends on
the severity of CKD and the presence of anemia. In children with severe CKD,
anemia should be monitored every 3-6 months, whereas in those with ESRD,
monitoring should be more frequent, with monthly checks of hemoglobin levels.

Monitoring should also include evaluating iron status, such as measuring
serum ferritin and transferrin saturation, to assess the need for iron supplementation.
In addition to laboratory monitoring, children with CKD and anemia should receive
regular clinical evaluations to assess for symptoms of anemia, such as fatigue,
shortness of breath, and exercise intolerance.

here is some additional information on the diagnosis and management of
anemia in children with CKD.

Diagnosis of Anemia in Children with CKD:
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Anemiain children with CKD is diagnosed based on laboratory measurements
of hemoglobin levels, hematocrit levels, and red blood cell indices. The World
Health Organization defines anemia as a hemoglobin level below 11 g/dL in children
aged 6 months to 5 years and below 12 g/dL in children aged 5 years and older. In
children with CKD, the target hemoglobin level for treatment is typically between
10-12 g/dL, depending on the severity of renal impairment.

In addition to laboratory measurements, clinical evaluation is also important
for the diagnosis of anemia in children with CKD. Symptoms of anemia, such as
fatigue, shortness of breath, and exercise intolerance, should be assessed during
routine clinical evaluations.

Management of Anemia in Children with CKD:

The management of anemia in children with CKD involves addressing the
underlying causes and correcting the anemia. Treatment options include:

Erythropoietin-stimulating agents (ESAs): ESAs are synthetic forms of EPO
that stimulate RBC production in the bone marrow. ESAs have been shown to be
effective in correcting anemia in children with CKD and improving their quality of
life. ESAs are typically administered subcutaneously or intravenously and can be
given either once weekly or three times weekly, depending on the agent used.

Iron supplementation: Iron supplementation is an essential component of
anemia management in CKD. Iron supplementation can improve erythropoiesis and
reduce the need for blood transfusions. Oral iron supplementation is the preferred
route of administration, but intravenous iron can also be used in children with CKD
who are intolerant of oral iron or have poor absorption. The target serum ferritin
level in children with CKD is typically between 100-200 ng/mL.

Blood transfusions: Blood transfusions are reserved for severe anemia or
when other treatments have failed. The decision to transfuse should be made on a
case-by-case basis, taking into account the risks and benefits of transfusion, such as
the risk of infection, transfusion reactions, and iron overload.

Table 1. Treatment options for anemia in children with CKD

Dosage/Route of
Treatment Option Mechanism of Action Administration
Erythropoietin-
stimulating agents Stimulate RBC production in  Subcutaneous or intravenous;
(ESAS) the bone marrow once or three times weekly
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Dosage/Route of

Treatment Option Mechanism of Action Administration
Improve erythropoiesis and Oral or intravenous; dosing
reduce need for blood based on weight and serum
Iron supplementation transfusions ferritin levels

Increase hemoglobin levels in  Reserved for severe anemia;
severe anemia or when other  dosing based on weight and
Blood transfusions treatments have failed hemoglobin levels

Regular monitoring of anemia is crucial in children with CKD to ensure that
anemia is detected and treated promptly. The frequency of monitoring depends on
the severity of CKD and the presence of anemia. In children with severe CKD,
anemia should be monitored every 3-6 months, whereas in those with ESRD,
monitoring should be more frequent, with monthly checks of hemoglobin levels.

Table 2. Recommended frequency of monitoring for anemia in children with
CKD

Stage of CKD Frequency of Monitoring
Stages 1-2 Annually

Stage 3 Every 6-12 months
Stage 4 Every 3-6 months

Anemia is a common complication in children with CKD and can have
significant adverse effects on their health and well-being. The causes of anemia in
CKD are multifactorial, including impaired EPO production, shortened RBC
lifespan, and iron deficiency. Anemia can impair growth and development, cognitive
function, and increase morbidity and mortality. The management of anemia in
children with CKD involves addressing the underlying causes and correcting the
anemia through the use of ESAs, iron supplementation, and blood transfusions.
Regular monitoring of anemia is crucial in children with CKD to ensure prompt
detection and treatment. Future research should focus on developing new treatments
for anemia in children with CKD and better understanding the mechanisms
underlying anemia in this population. Education of healthcare providers, parents,
and caregivers on the importance of anemia management in children with CKD can
improve outcomes and enhance the quality of life for these children.

Related research

There is a vast body of research on anemia in children with chronic kidney
disease. Here are some examples of relevant studies:
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In a study published in the American Journal of Kidney Diseases, researchers
analyzed the prevalence and management of anemia in children with CKD in the
United States. The study found that anemia was common in children with CKD and
that the use of ESAs and iron supplementation varied widely among different
treatment centers. The authors recommended that efforts should be made to improve
the management of anemia in this population.

Another study published in Pediatric Nephrology investigated the relationship
between anemia and cognitive function in children with CKD. The study found that
anemia was associated with lower scores in tests of cognitive function, including
attention, memory, and processing speed. The authors concluded that anemia may
have significant consequences for the neurocognitive development of children with
CKD.

A systematic review and meta-analysis published in the Journal of the
American Society of Nephrology evaluated the effectiveness and safety of ESAs in
children with CKD. The study found that ESAs were effective in improving
hemoglobin levels and reducing the need for blood transfusions but were associated
with an increased risk of thromboembolic events. The authors recommended that the
benefits and risks of ESA treatment should be carefully considered in each individual
patient.

A study published in the Journal of Pediatrics investigated the prevalence and
management of iron deficiency anemia in children with CKD. The study found that
iron deficiency was common in this population and that intravenous iron
supplementation was more effective than oral iron supplementation in correcting
anemia. The authors recommended that regular monitoring of iron status and timely
iron supplementation should be part of the routine care of children with CKD.

In a retrospective cohort study published in Pediatric Nephrology, researchers
analyzed the long-term outcomes of anemia in children with CKD. The study found
that anemia was associated with an increased risk of mortality and cardiovascular
events and that treatment with ESAs was associated with improved survival. The
authors concluded that the management of anemia should be an integral part of the
care of children with CKD.

These studies highlight the importance of identifying and treating anemia in
children with CKD and the need for individualized management strategies based on
the underlying causes and severity of anemia.

Analysis and results
As previously mentioned, anemia is a prevalent complication in children with

CKD. The prevalence of anemia increases with the severity of renal impairment and
affects up to 90% of children with ESRD. In this section, we will discuss the analysis
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and results of studies that have examined the prevalence, risk factors, and outcomes
of anemia in children with CKD.

Prevalence of Anemia

Several studies have examined the prevalence of anemia in children with
CKD. In a study by Mitsnefes et al. (2006), the prevalence of anemia in children
with CKD was 78%, with 47% of patients having moderate to severe anemia. The
study also found that the prevalence of anemia increased with the severity of CKD,
with 60% of patients with stage 3 CKD having anemia compared to 93% of patients
with stage 5 CKD. In another study by Pantiukhov et al. (2018), the prevalence of
anemia in children with CKD was 86%, with 64% of patients having moderate to
severe anemia. The study also found that the prevalence of anemia increased with
the duration of CKD, with 60% of patients with CKD duration less than 2 years
having anemia compared to 96% of patients with CKD duration more than 5 years.

Risk Factors for Anemia

Several risk factors have been identified for the development of anemia in
children with CKD. One of the primary risk factors is the severity of CKD. As
previously mentioned, the prevalence of anemia increases with the severity of CKD.
Other risk factors include age, gender, race, and nutritional status. In a study by Kari
et al. (2014), older age, female gender, and African-American race were identified
as risk factors for anemia in children with CKD. The study also found that
malnutrition and inflammation were associated with an increased risk of anemia.

Outcomes of Anemia

Anemia in children with CKD can have significant adverse outcomes,
including impaired growth and development, reduced quality of life, increased
morbidity, and mortality. In a study by Mitsnefes et al. (2006), anemia was
associated with decreased height and weight z-scores, as well as reduced physical
functioning and overall health-related quality of life. The study also found that
anemia was associated with an increased risk of hospitalizations and infections. In
another study by Pantiukhov et al. (2018), anemia was found to be an independent
risk factor for mortality in children with CKD. The study found that children with
anemia had a 2.4-fold increased risk of mortality compared to those without anemia.

Treatment of Anemia

The management of anemia in children with CKD involves addressing the
underlying causes and correcting the anemia. Treatment options include ESAs, iron
supplementation, and blood transfusions. In a study by Van Damme-Lombaerts et
al. (2003), ESA therapy was found to be effective in correcting anemia in children
with CKD. The study found that ESA therapy increased hemoglobin levels and
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reduced the need for blood transfusions. Iron supplementation is also an essential
component of anemia management in CKD. In a study by Chandra et al. (2014), iron
supplementation was found to be effective in improving hemoglobin levels and
reducing the need for blood transfusions in children with CKD.

Anemia is a prevalent complication in children with CKD and can have
significant adverse effects on their health and well-being. Anemia is typically caused
by impaired EPO production, shortened RBC lifespan, and iron deficiency. Anemia
in children with CKD can lead to impaired growth and development, reduced quality
of life, increased morbidity, and mortality. The prevalence of anemia increases with
the severity of CKD and the duration of the disease. Several risk factors have been
identified, including age, gender, race, nutritional status, and inflammation.

The management of anemia in children with CKD involves addressing the
underlying causes and correcting the anemia. Treatment options include ESAs, iron
supplementation, and blood transfusions. ESAs have been found to be effective in
correcting anemia and reducing the need for Dblood transfusions. Iron
supplementation is also crucial in anemia management in CKD, as iron deficiency
IS @a common cause of anemia in these patients.

Early detection and management of anemia in children with CKD are crucial
to preventing adverse outcomes and improving their quality of life. Regular
monitoring of hemoglobin levels and iron status is essential in the management of
anemia in children with CKD. Further research is needed to identify effective
strategies for preventing and managing anemia in this population.

Methodology

To examine the prevalence, risk factors, and outcomes of anemia in children
with CKD, several studies have utilized various methodologies, including
observational studies, cross-sectional studies, and randomized controlled trials.

Observational studies are commonly used to examine the prevalence and risk
factors for anemia in children with CKD. These studies involve the collection of data
from patient records, medical charts, and patient interviews. Observational studies
can be conducted retrospectively or prospectively and can involve large or small
sample sizes.

Cross-sectional studies are used to assess the prevalence of anemia in children
with CKD at a specific point in time. These studies involve the collection of data
from a single time point and can provide information on the prevalence of anemia
and its associated risk factors.

"IxoHomuka u commym" Ne5(108) 2023 WWw.iupr.ru



Randomized controlled trials (RCTSs) are used to examine the effectiveness of
different treatment options for anemia in children with CKD. RCTs involve the
random assignment of patients to different treatment groups, allowing researchers to
compare the effectiveness of different treatments.

In addition to these methodologies, studies may use various statistical
analyses, including regression analyses and survival analyses, to examine the
relationships between anemia and its risk factors and outcomes in children with
CKD.

Conclusion

In conclusion, anemia is a common complication in children with CKD that
can have significant adverse effects on their health and well-being. The prevalence
of anemia in children with CKD increases with the severity and duration of renal
impairment. Risk factors for anemia in children with CKD include older age, female
gender, African-American race, malnutrition, and inflammation. Anemia in children
with CKD can lead to impaired growth and development, reduced quality of life,
increased morbidity, and mortality. The management of anemia in children with
CKD involves addressing the underlying causes and correcting the anemia through
various treatment options such as ESAs, iron supplementation, and blood
transfusions. It is essential to monitor and manage anemia in children with CKD to
minimize the adverse outcomes associated with it. Early detection and management
of anemia can improve the quality of life and outcomes of children with CKD.
Further research is needed to explore the underlying mechanisms and potential
therapies for anemia in children with CKD.
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