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Chapter

Medical Nutrition Therapy in Renal
Replacement Therapy

Susan Atieno Onyango and Grace Nyawira Njuguna

Abstract

This chapter discusses Medical Nutrition Therapy in three modalities of renal
replacement therapy (RRT), outlining the nutrient requirements for patients on
maintenance hemodialysis, peritoneal dialysis, and kidney transplant in acute and
chronic phases. The chapter takes note of the drastic impact of RRT on the patient’s
nutrition status and overall well-being, which puts them at high risk of morbidity
and mortality, and thus emphasizes timely and regular comprehensive nutrition
assessment to enable appropriate intervention. Recognizing that there are different
modalities of RRT and that patients have different physiological characteristics as
well as different laboratory test values, which may also vary for individual patients
each time tests are run, nutrition therapy is individualized each time. The chapter
takes a closer look at protein-energy wasting, a condition common among patients
undergoing RRT, which is a predictor of mortality, discussing its prevention and
treatment measures. Finally, the chapter takes a closer look at electrolytes, specifi-
cally potassium, sodium, calcium, and phosphorous, in relation to mineral bone
disease.

Keywords: nutrition therapy, nutrient recommendations, nutrition assessment, protein
energy wasting, mineral bone disease

1. Introduction
1.1 Medical nutrition therapy

Medical nutrition therapy (MNT) is an individualized nutrition evidence-based
process that aims at treating and managing medical conditions. MNT comprises
comprehensive nutrition assessment, diagnosis, specialized therapies, diet modifica-
tions, and nutrition counseling [1, 2].

A Renal Dietitian/Nutritionist, Registered Dietitian Nutritionist (RDN), a nutri-
tion professional, or an international equivalent does the comprehensive nutrition
assessment, including anthropometric measurements, nutrition-focused physical
findings, monitoring and evaluating appetite, dietary intake, body weight changes,
and biochemical data. This also assesses the effectiveness of MNT [3]. Renal replace-
ment therapy significantly affects nutrition status, which in turn affects the well-
being of the patients. Malnutrition is common among patients undergoing RRT,
with more undernutrition leading towards those undergoing hemodialysis, while
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overnutrition may also be found among patients on peritoneal dialysis (PD) and
post-transplant patient in the chronic phase. Malnutrition is common among patients
with end-stage renal disease, with a prevalence ranging from 18 to 75% for patients
on hemodialysis [4]. Patients often do not take adequate calories due to dietary
restrictions, which is most common with hemodialysis, and reduced appetite caused
by uremia. Other factors that cause malnutrition are loss of nutrients during RRT
through dialysis membrane, metabolic acidosis, inflammation, as well as the catabolic
effects of RRT [5].

1.2 Nutrition assessment

Comprehensive nutrition assessment, including but not limited to a history of
dietary intake, appetite, body weight and body mass index (BMI), other anthropo-
metric measurements, biochemical data, and nutrition-focused physical findings, is
required. This should be done at least within the first 90 days of starting dialysis and
monitored regularly. Nutrition assessment is the first step of the nutrition care pro-
cess; therefore, doing it correctly will ensure appropriate intervention. A combination
of screening tools and laboratory parameters is recommended [6].

For patients on maintenance hemodialysis (MHD) and PD, it is reasonable to
measure body weight and composition at least monthly and at least quarterly for
transplant patients to monitor for any changes. The routine anthropometric measure-
ments include waist circumference, skin fold measurements, and creatinine kinetics.
Although BMI should be used routinely for its usefulness in predicting mortality, it
should not be used in isolation because it is not sufficient to diagnose Protein-energy
wasting (PEW) unless it is less than 18 kg/ m? Rather, percent change in the usual
body may be more reliable for determining the risk of PEW [3].

The comprehensive nutrition assessment will inform the nutrition interven-
tion prescribed. Based on the treatment plan, the renal nutritionist or international
equivalent should therefore monitor key nutrition care outcomes, such as dietary
nutrient intake, body composition, and serum biomarker levels, after which the plan
will be re-assessed and adjusted accordingly to achieve the goals established. The
Renal Dietitian will work with the multidisciplinary renal team throughout the nutri-
tion care process. The patient and/or caregiver will be educated on dietary recommen-
dations based on individual needs. Studies show that nutrition education effectively
increases patients’ compliance with dietary prescriptions [7].

The use of a combination of tools is recommended, including the global subjective
tool (SGA) and malnutrition inflammation score (MIS).

When determining the energy requirements, the RDN should consider some
factors, including but not limited to RRT modalities, level of physical activity, age,
sex, weight status, disease-specific determinants, metabolic stressors, treatment
goals, and the patient’s overall health status. Studies suggest that diet therapy may
aid in lowering dialysis doses to be used safely and effectively even as the glomerular
filtration rate continues to decline [8].

2. Medical nutrition therapy in different renal replacement therapy
modalities

This section discusses the different nutrient requirements for the different RRT
modalities.
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2.1 Nutrition therapy in maintenance hemodialysis

The goal of nutrition intervention in MHD patients is to optimize their nutritional
status, control blood glucose and blood pressure and fluid overload, keep renal bio-
chemistry within safe limits, and make dietary advice as practical as possible to assist
in compliance. For this reason, all renal patients must have adequate renal-specific
dietetic or nutritional support [9].

2.1.1 Energy requirements

Chronic Kidney Disease (CKD) impairs energy metabolism; therefore, it is
prudent to maintain adequate energy intake, which is necessary to prevent PEW. To
maintain a neutral nitrogen balance and nutrition status, studies suggest that energy
intake should range between 30 and 35 kcal/kg/day [3].

2.1.2 Protein requirements

For metabolically stable patients, guidelines recommend a dietary protein intake
of 1.0-1.2 g/kg body weight per day to maintain a stable nutritional status. However,
higher dietary protein levels may need to be considered for patients at risk of hyper-
glycemia and/or hypoglycemia to maintain glycemic control. Dietary fat should not be
restricted because they may be important sources of calories [10].

2.1.3 Potassium

Renal dieticians should focus on individualization, consistent checks on serum
potassium levels, and clinical judgment, which would provoke the utilization of other
interventions other than dietary restrictions to attain normal serum levels of potas-
sium when appropriate. Studies suggest that dietary potassium restriction may limit
heart-healthy diets and lead to the intake of more atherogenic diets [10].

It is important to note that there have not been any clinical trials done on how
modifying diet can influence serum potassium levels in patients with CKD [3].
Several factors could influence the shift in serum potassium levels, including [11]:
medications such as angiotensin-converting enzyme (ACE) inhibitors, thiazides, and
loop diuretics; gastrointestinal problems (vomiting, diarrhea, constipation); acid—
base balance; glycemic control; and catabolic state.

Individualized potassium recommendations can improve patient outcomes and
quality of life. Moreover, pinpointing the root cause of hyperkalemia would be ideal
to help with appropriate interventions. Lindsey suggests the following reflections to
help in finding the root cause of hyperkalemia [12]: If the potassium level is consis-
tent with the current trend; if it could be a laboratory error; if there are medications
that would affect potassium levels/recent dose change; if there is constipation; the
patient’s carbon dioxide and blood sugar trend; recent muscle mass loss, reduced
appetite, and recent food intake. The author further clarifies that restricting fruits
and vegetable may not have a positive impact since most potassium in diets come from
coffee, tea, savory foods, beer, animal protein, and dairy.

2.1.4 Phosphorous

Recent studies point out that restrictions on dietary phosphorous may lead
to worse survival and poorer nutrition status [10]. The KDQOI guidelines
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recommend that to reach the decision of restricting dietary phosphorus, there needs
to be the presence of progressively or persistently high serum phosphate levels, taking
into consideration the trends rather than a single laboratory value and after paying
attention to concomitant calcium and parathyroid hormone (PTH) levels [3].

In MHD patients, if the nutrition requirements cannot be met through the oral
and enteral intake, intradialytic parenteral nutrition is recommended to improve and
maintain nutritional status [3].

2.2 Nutrition therapy in peritoneal Dialysis

Guidelines recommend comprehensive and regular nutrition assessment for patients
with PD, including body measurements, patient appetite, nutrition-related laboratory
markers, clinical status, and dietary intake. However, different factors influence dietary
recommendations, and as such, dietary recommendations are not yet universal [13].
Energy requirements range from 30 to 35 kcal/kg/day, with patients below 60 years of
age proposed to get 35 kcal/kg/day and those older than 60 years to get 30 kcal/kg/day
incorporating the calories from the dialysate into the calculations, which are usually
mostly the dextrose because absorption occurs into the patient’s body [3].

Patients undergoing PD do quite a number of exchanges in a day; thus, they expe-
rience losses of essential elements and nutrients, including amino acids, peptides,
vitamins, and trace elements. Dietary restrictions are, therefore, minimal compared
to MHD patients. Guidelines suggest that dietary protein should range from 1.0 to
1.3 g/kg/day and even be higher up to 1.5 g/kg/day during peritonitis [3, 13]. Dietary
potassium is generally not restricted, while sodium recommendation is <4 g based on
serum levels. Phosphorous allowable is between 800 and 1000 mg/day, and phosphate
binders with meals are recommended if serum levels are high. The fluid is adjusted
based on the dextrose concentration of the dialysate.

2.3 Nutrition therapy in continuous renal replacement therapy

Continuous Renal Replacement Therapy (CRRT) is the modality of choice for
critically ill patients. While it permits better control of fluids and is hemodynamically
tolerated better than intermittent hemodialysis in critically ill patients, it has greater
effects on nutrition [14-16]. The clearance of CCRT is not only specific to uremic
toxins; it also clears low molecular substances, which are essential. Macronutrients
and micronutrients are also cleared from the patient’s blood into the waste [17-20].
Studies are limited on nutrition requirements, and as such, it is impossible to general-
ize given the different CCRT performance modalities, types of fluids, and different
prescriptions [21]. However, some studies suggest that energy requirements range
from 20 to 35 kcal/kg/day with a proportion of 60-70% being carbohydrates and
30-40 being lipids, respectively, considering the anabolic and catabolic phases
while considering non-nutritional calories and being cautious about overfeeding
[6, 19, 22]. Protein requirements range from 1.5 to 2.5 g/kg/IBW/day [23, 24]. There is
no standard recommendation for the electrolytes, vitamins, and trace elements, but
the medical team should continue monitoring the critically ill patients, checking the
serum levels, and correcting/or adjusting the fluids/feeds as appropriate. The medical
team should monitor serum levels of phosphorous, potassium, and calcium and adjust
as appropriate.
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2.4 Nutrition therapy in kidney transplant

Nutrition therapy is very crucial in the acute phase of the post-transplant period
(up to eight weeks) to provide adequate nutrition. This would enable wound healing
and prevent catabolism, prevent infections, correct clinically significant electrolyte
and metabolic abnormalities caused by the immunosuppressive medications, and
aid in restoring kidney function. In the chronic phase, nutrition helps to stabilize
and prevent deterioration of kidney function and prevents the development of
new-onset diabetes after transplant, hypertension, hyperglycemia, anemia, dyslip-
idemia, and bone disease [25, 26]. Adequate calories are recommended. Therefore,
energy requirements should be between 30 and 35 kcal/kg/day and protein 1.2-2.0
g/kg/day in the early period post-transplant [26, 27]. After the first months, protein
intake should be reduced to about 0.8 g/kg/day in patients with adequate graft
function while adjusting both energy and protein intake for physical activity levels,
gender, and age [28]. Some studies suggest that the protein recommendation for
the chronic phase post-transplant for the recipients without diabetes should be
0.6-0.8 g/kg/day, while for those with diabetes, it should be 0.8-0.9 g/kg/day [29].
Dietary potassium in the acute phase ranges between 2 and 4 g if the patient has
hyperkalemia and unrestricted in the chronic phase unless hyperkalemic. Fluids are
generally unrestricted in both phases, and phosphorous should be given as the daily
required intake and supplemented if the patient has hypophosphatemia in the acute
phase. In the acute phase, sodium should be restricted if blood pressure and fluids
dictate in the acute phase while in thechronic phase, sodium should range between 2
and 4 g if the patient has hypertension and/or edema.

Hypophosphatemia is often common in post-transplantation, especially in the first
months, and often to lead osteodystrophy and osteomalacia; therefore, it is prudent to
prescribe high-phosphorous intake through diet or supplements [3].

The nutrient requirements for each RRT modality are summarized in Table 1.

Nutrient Modality
requirements Hemodialysis PD CRRT Transplant
Acute phase Chronic
phase
Energy 30-35 [3] 30-35 [3] Anabolic 25-35 [3] Adjust to
(kcal/kg/day) <age60 35 keal <age60 35 kcal phase: 20-25 30-35 [27] maintain
>age60 30 keal >age60 30 keal Catabolic 30-35[26] body weight
phase: 25-35
(22]
Protein 1.0-1.2 [3] 1.0-1.2 [3] 1.5-1.7 [23] 1.2-2.0 [26-28] 0.8-1.0
(g/kg/day) 1.2-1.3 [13] 1.7-2.0 [22] limit with
1.3-1.5 2.0-2.5[24] chronic graft
dysfunction
Potassium 2300 Not restricted Monitor 2000-4000 if Unrestricted
(mg/day) serum levels hyperkalemic unless
and adjust/ hyperkalemic

correctas
appropriate
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Nutrient Modality
requirements Hemodialysis PD CRRT Transplant
Acute phase Chronic
phase

Sodium <2400 3000-4000 Monitor Restrict if BP/ 2000-4000
(mg/day) Based on labs serum levels fluids dictate with HTN

and adjust/ and/ or edema

correct as

appropriate
Phosphorous 800-1000 800-1000 Monitor DRI DRI
(mg/day) Use phosphate serum levels Supplemented

binders and adjust/ if serum levels

correct as are low

appropriate
Calcium <2000 <2000 Monitor 1200-1500 1200-1500
(mg/day) serum levels [26]

and adjust/

correct as

appropriate
Fluids 500- Adjusted based Individualized Generally Generally
(ml) 700 + urine on dextrose unrestricted unrestricted

output concentrations
1000 if anuric of dialysate

DRI; Daily Recommended Intake.

Table 1.
Nutrient requivements in different RRT modalities.

3. Protein energy wasting

The International Society of Renal Nutrition and Metabolism (ISRNM) proposed
the term protein-energy wasting (PEW) to characterize multiple metabolic altera-
tions related to uremia, hypercatabolism, cachexia, and malnutrition associated with
morbidity and mortality in kidney disease [2, 3, 30].

The major and most common cause of PEW is inadequate protein and energy
intake, compounded by anorexia due to uremia, inflammation, dialysis procedure,
and acidemia [31]. Insufficient nutrient intake may also result from glucose absorp-
tion from peritoneal dialysate and early satiety feeling, poor economic status, depres-
sion, and illness that affects gastrointestinal functions [32]. Nutrient loss during RRT,
such as peptides, amino acids, vitamins, trace elements, and glucose, further put the
patients at risk of PEW [33].

Studies suggest that adequate energy and protein intake, as recommended in
Table 1, would help prevent PEW. Other strategies include dialysis adequacy, correct-
ing metabolic acidosis, and treating inflammation and co-morbidities such as diabetes
[34-36]. When standard preventive measures cannot reduce the loss of energy and
protein stores, nutrition supplementation would suffice. A renal dietitian or equiva-
lent can assess the patient for oral and enteral nutrition supplementation and further
intradialytic parenteral nutrition [31].
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4, Mineral bone disease

Many CKD patients are at an increased risk of developing CKD- Renal mineral
bone disease (MBD). They develop bone lesions symptomatically showing up as pain,
including back pain, tendon ruptures, pruritus, and an increased incidence of patho-
logical fractures. Studies show that patients with renal mineral bone disorders are
predisposed to calcification of the cardiovascular system and, consequently, increased
morbidity and mortality.

This has led to a shift in the treatment of renal mineral bone diseases from just
looking at a single biomarker, such as serum calcium levels, to further considering
the disease’s physiology, thus a look into serum phosphate and parathyroid hormone
levels (PTH) [37].

Before the knowledge of fibroblast growth factor 23 (FGF23) and its influence on
secondary hyperparathyroidism, phosphate retention was considered the main factor
in the disorder occurring [38].

A series of physiological events are triggered by retained phosphate, including
hyperphosphatemia, low vitamin D3, and reduced calcium levels, which stimulate
parathyroid hormone secretion enhancing phosphate excretion and secondary hyper-
parathyroidism in end-stage renal disease [39].

There have been observations by authors that hyperphosphatemia and hypocal-
cemia were evidence of calcitriol deficiency, suggesting that it would be the main
culprit to secondary hyperthyroidism noting the complexity of the disease because of
the several elements in the pathophysiology [37].

Several studies have documented a strong relationship between serum Fibroblast
growth factor 23 levels and creatinine clearance, noting that a decline in renal func-
tion had an increase in the FGF23 levels. Further, patients with End Stage renal
disease would have up to a 1000-fold above the normal growth factor levels attributed
to the reticence of phosphate and decline in renal clearance [40, 41].

The dire consequences associated with secondary hyperparathyroidism place an
emphasis on the need to promptly manage CKD renal mineral bone diseases with a
keen look and follow-up checks on markers such as serum calcium, phosphate, and
parathyroid hormone and calcitriol levels. In light of this, the KDIGO guidelines
recommend the onset of management dependent on serial trends of the markers [42].

Through proper nutrition education and counseling, there is a need to limit daily
phosphate intake to less than 800 mg, and this is possible by educating the patients on
how to read food labels to look out for high phosphate-containing foods and carbon-
ated drinks as well as additives.

This should be done with close nutritional assessment and monitoring as most
food sources that are protein in nature are rich in phosphorus. This, in turn, would
help prevent protein-energy malnutrition in chronic kidney disease.

Individualized nutrition plans, as far as dietary sources of phosphates are
concerned, should have the priority with consideration to intestinal absorption.
Plant-based phosphate sources have lower intestinal absorption than those inorganic
sources.

The use of phosphate binders has come a long way to help reduce intestinal
absorption by allowing the formation of a non-absorbable complex with phosphorus
in the food. Three classes of these binders are in use currently, that is, calcium-based
binders, aluminum-based binders, and non-calcium-based binders. Caution should
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be taken with aluminum-based binders as their long-term use has been related to
osteomalacia and encephalopathy.

The choice between calcium-based and non-calcium-based binder should, on the
other hand, be guided by serum calcium, calcitriol levels, and parathyroid hormones
Lest hypercalcemia occurs.

Low cholesterol levels, low uric acid levels, and anti-inflammatory effects have been
attributed to using Savelamer, a non-calcium phosphate binder making it have some
prominence, particularly where the serum calcium levels are normal. Dialysis is another
efficient way of eliminating phosphorus from the bloodstream, yet this is possible with
consideration of the type of dialysis, length of dialysis, and type of dialysate.

The most common length of hemodialysis is 4 hours with thrice-a-week sessions
that eliminate up to 2600 mg of phosphate levels. However, this may be slightly lower
for low resources settings where dialysis is done twice a week. Peritoneal dialysis will
succeed at up to 220mmg of phosphate elimination when done four times a day with
two-liter exchanges.

4.1 Emerging treatment options for CKD MBD

A new class of phosphate binders, sucroferric oxyhydroxide (PA21) and ferric
citrate (JTT-751), are iron-based, calcium-free phosphate binders recently advanced
into clinical practice. These have also been used to fix anemia in CKD and attenuate
vascular calcification.

Klotho supplementation has also been suggested as a prophylactic or therapeutic
therapy for averting secondary hyperparathyroidism. Equally, the usage of anti-FGF23
monoclonal antibodies (FGF23-Ab) to counteract the negative effects of high levels of
FGF23 in animal models has been assessed. While counteraction of FGF23 has been
characterized by improvement in secondary hyperparathyroidism, increased levels of
serum phosphate, aortic calcification, and higher risk of mortality have been reported.
Therefore, the therapeutic applicability of FGF23-Ab in humans is yet to be proven.

5. Conclusion

Renal replacement therapy has a great impact on the nutrition status and the overall
well-being of renal patients. This chapter discussed medical nutrition therapy focusing
on different modalities of renal replacement therapy. It delved into nutrition assessment.
Its benefits, and nutrient requirements for each renal replacement therapy. It, finally, dis-
cussed the nutrition management of protein energy wasting and mineral bone disease,
conditions which are very common among people with end-stage renal diseases.
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