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16.1 INTRODUCTION )

In our previous units, we discussed about gastrointestinal tract disorders and their
nutritional management. In this unit, we shall study about one of the most prevaent
disorders, that is, renal disorders.




Weshall first review the basic physiology of kidneysand itsfunctions,which you have
aready studied in your Applied Physiology Course(MFN-001) in Unit 7. Wesuggest
you look up this unit, i.e. Unit 7 once again and revise your knowledge of kidney
physiology, as thiswill help you understand the discussion presentedin this unit.

Next, in thisunit, we will learn about variouskidney functiontests that involve both
biochemical analysisand clinical examination. Later on, we shall get to know about
renal diseasessuch asnephritis, nephrotic syndrome, acuterenal failure(ARF), chronic
renal failure (CRF), end stage renal disease (ESRD) etc. along with their dietary
management. This would include thelist of foodsto be excluded during thesediseases.

Objectives
After studying thisunit, you will be able to:

e recapitulateand describe the physiology of the kidneys,

@ discussthe renal function and diagnostic tests,

¢ identify differentrend disorders, their etiology, clinical and metabolic manifestation,
ad

¢ raiondizethedietary modificationsinrenal disorders, especialy proteins, minerals
and fluids.

162 PHYSIOLOGY OF THE KIDNEY

Yau will remember fromn your course in Applied Physiology, Unit 7 that the kidneys
areamajor organfor excretion d metabolicwastes fromthe body. Thrmgh glomerular
filtration, tubular secretion and sel ective reabsorptionthat takesplace in the 'nephrons

(thefunctiond unitsdf the kidneys), thekidneysmaintain the internal balancedf body
fluids. Thisincludes normal osmotic pressure, composition and volume of blood, acid
base bdanceandfluidelectrolytebalance. L et usel aboratea bit on thekidney functions.

1621 Kidney Functions
Figure16.1highlightsthekidney functions. Theprimary functionsd thekidney include:
e Excretion

e Endocrine
e Metabalic
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Figure 16.1 : Functionsof the kidney

You may recall that we studied about the contribution of thekidneysin urine formation
and jtsrole in maintaining the pH and performing other regulatory functionsin the
body in the Applied Physiology Course in sub-section 7.3.3. Hence, we shall not go
into the detailsof the excretory functionsof kidneys here. We suggest you look up the
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relevant portion in the Applied Physiology course now before you proceed further on
thistopic. The endocrine and the metabolic function are reviewed briefly next.

A. Endocrine Functions
The endocrine functionsof kidneysinclude:

~  Synthesis of active vitamin D, : Kidneys maintain calcium-phosphorous
homeostasis, which involvesthecomplex interactionsd PTH, calcitonin, vitamin
D and three effector organs — gut, kidney and bone. Kidneys produce active
vitamin D,, aswell as, eliminateboth calciumand phosphorous. VitaminD, you
might be aware promotes efficient absorption of calcium (Ca) and isonedf the
substances necessary for bone remodelling and maintenance.

—  Eythropoietin for RBC formation: Eythropoietin, acritical determinant in RBC
formation is produced by the kidneys.

—  Renin and angiotensin for regulation of blood pressure: A lowered blood
volume causes the cells of the glomerulus to react by secreting rennin — a
proteolytic enzyme. Renin acts in the plasma to form angiotensin |, which is
converted to angiotensin II (a powerful vasoconstrictor) and a potent stimulus of
aldosterone secretion by the adrenal gland. As a'consequence, sodium is
reabsorbed and blood pressure returns to normal. The renin-angiotensin
mechanismishighlightedin Figure 16.2.
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Figure 16.2: Renin-angiotensin aldoster one mechanism

B. Metabolic Function

Themainmetabolicroleof kidney islinked to nitrogen metabolism. However, research
indicates that kidneysmay also play an important role in glucose counter regulation.
Themain purpose of gluconeogenesis, as you may already be aware, is to synthesize
glucose from non-carbohydrate precursors. This process occurs mainly in the liver
and kidney. Therole of kidney in eliminating theend productsof protein metabolismis

highlighted next.

Nitrogen Metabolism: The majority of solute load consists of nitrogenous wastes,
which are the end products of protein metabolism. These include urea, uric acid,
creatinine and ammonia. In case of inappropriate elimination of these waste products,
they get collected in abnormal quantitiesin blood. Theinability of thekidneysto excrete
these nitrogen wastes |leads to renal failure.



Having briefly reviewed the functions of the kidney, can you now suggest what the Nutritional
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Important Outcontes of Functions

It will be useful to recall, from Unit 7 in the Applied Physiology Course some of the
important outcomes of kidney functions. These include:

e Thekidneys have alarge blood flow.

e  About 180L ultrafiltrateisformed at the glomeruli/ day but daily urine output is
only 1.2-1.5 L/day.

URINE HAS A SPECIFIC GRAVITY RANGING BETWEEN 1.003-1.030.
THE MEAN PH IS BETWEEN THE RANGE 1S 4.7-8.0. IT CONTAINS
90% WATER, 0.5% SOLID»WASTE OF WHICH 60% IS NITROGENOUS
WASTE AND 40% INORGANIC SALTS.

a  For greater solute load, a greater volume of fluid and urine output isrequired.

®  Healthy kidneys haveacapacity to produce urine with wide variability of volume,
osmolality and pH.

e Hedthy kidneys can regulate one substance at the expense of another, based on
the need.

¢ Inthiscontext, control of blood volume has priority over other parameters.

a  Healthy kidneys have considerabl e reserve capacity and health can be maintained
evenon haf afunctional kidney.

®  With progressiveimpairment (when more than 60% nephrons are damaged), the
urine output falls and products of metabolism start accumulating in the body.
Gradually metabolic and endocrine functions also get impaired and renal failure
can develop.

With this knowledge, we will be able to understand the diagnostic tests for kidney
function and variouskidney disorders, in relation to treatment. Let usthen moveon to
learn about the methods/techniques used to assess kidney functions,

16.3 ASSESSMENT OF KIDNEY FUNCTION:
DIAGNOSTICTESTS

The kidney functions can be assessed through various biochemical tests and clinical
examination. These are described in this section.

Biochemical Tests

The kidney function can be assessed through various biochemical tests. These mostly
measureglomerular and / or tubular function of thekidneys. As thefunctional capacity
of the nephrons reduces in kidney disorders, changes occur in the blood and urine
chemistry. The normal valuesfor various parameters o blood and urine are given in
the Table 16.1 and 16.2. You would recall reading about the renal function testsin
your Applied Physiology Course, Unit 7 undersection 7.8, We suggest you go back
and refer these for a better understanding of the diagnostic tests. Here, however we
present you with a brief review of these tests. So let us get started.

Common diagnostic tests to assess renal function include measurement of:

1 Plasma /serum concentration of urea, creatinine and uric acid: Lévels of
these tend to increase in blood due to inadequate excretion in impaired kidney
function. 401



Clinical Thernpeutic 2.  Serumdectrolyteslike sodium, potassium, chloride, inorganic phosphorus, and
Nutrition bicarbonate: Their levels may increase or decrease depending on the kidney

disorder.

3. Glomerular Filtration Rate (GFR) is measured by the creatinine clearance:
Clearance tests are a measure d the efficiency with which kidneys remove a
substance from the blood. Normal creatinineclearancein adultsisabout 1255 ml/
minute, which can be reduced to 30 ml/minute or lesswhen kidneysfail.

4.  Alkaline phosphatase in blood: This can be atered as vitamin D synthesis is
affected in impaired kidney function.

5. Blood Haemoglobin: Its levels are dependent on erythropoietin synthesis.

6. Urine Volume and Extra-Cellular Fluid (ECF) : Increase or decrease in urine
volume and volume of body, based on excretory capacity.

7. Urineexamination: Urine analysis for clarity, colour, microscopic examination,
pH, specificgravity, osmolality and presenceof abnormal constituentslike blood,

protein, casts etc.

8. Urine,electrolytes: Urine electrolytes like sodium, potassium, magnesium
especially in tubular disorders, where excess loss may occur.

Table16.1gives the normal blood parametersfor diagnosisin kidney diseases.

Table 16.1: Normal blood parameters for diagnosis in kidney diseases.

402

Blood Parameters Normal Range
BUN (Blood Urea Nitrogen) 7-22mg %
Creatinine 0.8-1.8 mg%
Uric acid 2.4-7.0 mg %
Sodium 132-148 mEq/L
Potassium 3.5-5.5 mEq/L
Phosphorus 3.0-4.5 mg %
Cdcium 8.1-10.4 mg %
Chloride 98-108 mEq/L
Total protein 6.6-8.7 gm %
Albumin 3.8-4,4gm %
Globulin 1.8-3.6 gm %
AlG ratio 21

Alkaline phosphatase 30-150unit per litre
Total cholesterol 150-250 mg %

Triglyceride

0-200 mg %

Next let us review the normal urine parametes which are listed in Table 16.2.




Tabb 16.2: Normal urine parameters

Volume 800-2000 ml/day
"Glucose : 0-0.8 mmol/L(0-15 mg/dL)
& Protein -+ Less than 150 mg/day
: Ketones negative is normal
Presence of acetone Small: < 20 mg/di
Moderate 30-40 mg/dl
Large: > 80 mg/dl
Urine Electrolytes:
Chloride ' 110-250 mEq
Sodium  15250mEq /L
Potassium 25-120mBq/L
Magnesium Less than 150 mg/day
Cdlcium 100-300mg
Creatinine 11-34¢
Cresatine Littleor none
Specificgravity 1.015-1.020
pH 6.0

Abnormalities in the parameters listed above are an indication of kidney disorders.
What arethese disorders? Next, let usmove on tothe understandingof these common
renal disorders. '

164 COMMON RENAL DISEASES

Kidney disordersmay be infective, inflammatoryin origin, or degenerative in nature.
With anincreasingseverity or longduration, thesecanresult in renal failure. Diseases
of the kidney may involve the nephrons, tubulesor glomerulus. Inflammation of the
nephrons is termed nephritis. Glomerulonephritis (GN) refers to involvement of
specifically the glomeruli. With glomerular damage, usualy tubulesal so get affected.
Stonesformation can al so take placein the kidneys, thisisknown as renal calculi or
nephrolithiasis. Degenerative or vascular disorders can lead to nephrosclerosis,
where blood vessels of the kidneysbecome narrow. Thisleadsto reduced blood and
oxygensupply, 4nd hence kidney damage.

Kidney diseases may be acute or chronic and have severd underlying causes. The
treatment i s dependent on the disease origin, extent and type of damage and clinica
and metabolic outcomes. As kidneys have a direct effect on nutritional status via
homeostasisd fluid, electrolytes and nutrientsinthe body, diet playsanimportant role
in treatment. Someof the common renal disordersare;,

e  Acute and chronic nephritis
¢  Nephrotic syndrome

o Acuterend failure

» Diayss

¢ Renal transplantation

¢ Rend calculi
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The etiological factorsfor each of these disorders are discussed later in this unit
under each renal disorder covered separately. You will realize that the management
of these disorders aso varies, however, there are afew common aspects linked with
the dietary management in rena diseases. These general principles are described
here next, before we take up each disease separately.

16.5 GENERAL PRINCIPLES OF DIETARY
MANAGEMENT IN RENAL DISEASES

Several common principlesapply to the dietary management of various renal diseases.
This is because various symptoms, clinical and biochemical manifestations may be

* commonin different renal disordersasyou will find out soon. The main objectivesof

dietary management in renal diseases are to:

o  reduce the excretory work of the kidneys, while maintaining as near normal
fluid, acid base and electrolyte balance.

e  maintainsatisfactory nutritional status.

e  prevent progression of renal damage and development of uremia (accumulation
of nitrogenous waste productsin blood).

To meet these objectives, modifications in the diet are required mainly for
a) Proteins
b) Electrolyles, especially sodium and potassium
c) Fluids

Let us now understand the general dietary principles.

Energy: It should be normal or increasedin case of weight loss. A simplediet low in
proteins, moderate to high in carbohydrates and unsaturated fats is preferred.

Protein: The amount of protein to be givenis dependent on GFR. Proteins must be
enough to prevent musclewasting and mal nutrition, but it needsadjustment to prevent
accumulation of nitrogenous wastes in the blood and uremia. Good quality proteins
from milk and eggs are recommended to meet the body's need of essential amino
acids and yet not burden the body with excess non essential amino acids.

Electrolytes:

1. Sodiumintake mostly needs restriction dependingonwhether itisretained in the
body or excessive lossin urine occurs. Retained sodium and water canresult in
oedema, hypertension and congestive cardiac failure (CCF).

2. Potassium (K), if retained, needs restriction to prevent hyperkalemia (excess K
in blood), which can result in cardiac arrest. Both electrolytes, if lost in excess
amounts in urine may need replacement.

Vitamins and Minerals:

1. Calcium may require supplements in chronic or severe cases along with
vitamin D.

Phosphate mostly needs restriction as it tends to be retained in the body.

N

3. Iron supplements are needed with impaired erythropoietin synthesis,

4, Vitamin B and C supplements are required due to increased needs in renal
patients.

H ui d: This mostly has to be restricted due to afall in the GFR in most patients. If
however, polyuria occurs, fluid needs may increase.



If you have understood these basic principles, you will be ableto modify the diet in Nutritional
. . . . . . . Management of
various rena disorders on a more rationale basis as you will find out while [earning Renal Diseases

about the various renal disorders described next.

16.6 ACUTE AND CHRONIC NEPHRITIS

We shall learn how to plan diets for most of the renal diseases being discussedin this
chapter in the Practical Manual 005.

As mentioned earlier, nephritis refers to the inflammatory disease of the nephrons
due to infection, degenerative processes or vascular disease. In most cases, the
inflammatory process affects the capillaries of the glomeruli, this disorder is termed
as glonzerulonephritis (GN). There may be damage to the tubules aso. The most
common and well understood o the different types d glomerulonephritis, is post
streptococcal proliferative glomerulonephritis, about which we will discuss here
in this section. GN may be self-limiting or progressto serious renal damage. Let us
learn about theetiol ogy, clinical and metabolic manifestationsand dietary management
of glomerulonephritis next.

16.6.1 Etiology

Acuteform of glomerulonephritisiscommonly seenin 3-10yeer oldchildren, although
in 5% or more cases the initial attack occurs in adults past the age of 50 years.
Previousstreptococcal infection, 7-20 days prior to onset, isacommon cause o this
disease and antigen-antibody reaction is mostly the basis d damage of nephrons. In
acute glomerulonephritis, thereis a usually sudden onset and the condition is usualy
completely cleared in a year or two.

In chroniccases, progressive rena damage occurs involvingan increased amount of
rendl tissue, eventually requiring dialysisand other support treatments.”

16.6.2 Clinical and Metabolic Manifestations

Classicsymptomsincludegross/saematuria (presenceof bloodin urine) and proteinuria
(proteinin the urine). Due to sodium and water retention and circulatory congestion,

varying degree of oedema with shortness of breath may be observed. The patient
generdly is anorexic, which resultsin feeding problems. If the diseaseleads |o renal
insufficiency, oliguria (reduced urine output) or anuria (no urine output) occurs,
which indicates chances of development of acute rend failure. The summary of the
clinical symptomsis presented in Box 16.1.

Box 16.1 Clinical Symptoms of Glomerulonephritis

Theclinical manifestationsinclude:
e Feveri.e. elevation of body temperature above 98.4°F or 37°C,

e Uremia accumulation of nitrogenous waste products and other urinary . |
constituentsin blood, particularly haematuriaand proteinmea

® (Oedema: fluid and electrolyteretentionin tissues
e Hypertension: Systolic and Diastolic blood pressure above 120/80 mm Hg
e  Oliguria and anuria becauseof reduced GFR.

Having learnt about the disease and its symptoms, let us next get to know about the
dietary management of this problem.

16.6.3 Dietary Management

Keepingin mind the general objectivesof dietary management and principlesd dietary
modificationsal ready discussed earlierin section 16.4, thefollowing dietary guidelines

is recommended. 405
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Cal ories: A high-energy diet is recommended to spare the proteins for tissue repair
rather than being used for energy. Adults may need 30-40 Kcal / kg dry vei ght ad
children about 100 Kcal /kg dry weight or more, based on age. Increased energy
requirements are also recommended since elevation of bady temperaturei.e, fevers
may be present in patients with glomerulonephritis. Elevation of body temperature
resultsinincrease in basa metabolic rate(BMR) and hence the energy intake may be
increased to about 10% (from the level suggested by RDI).

Prot ei ns: Blood ureanitrogen (BUN) and oliguria determine the restrictiondf protein
inthediet. Initialy, 0.5t0 0.6-g protein/kg |deal Body Weight (IBW) isprovided using
principally high quality protein. Normal levelsaf protein (1g/kg IBW) may beprovided
if BUN levels remain within the normal range.

Emphasisshould betoincludegood quality proteinor proteinsof high biological value
(milk and milk products, egg white, mest etc.) in thediet of the patients.

Carbohydrates: Liberal carbohydrate intake is important for protein sparing action,
for reducing catabolism of protein, as well as, for preventing starvation ketoss. Both
simple carbohydrates such as sugar, as well as, complex form such as starches can
be included in the diet.

Fats: Based on tolerance levels, fat is included to provide non-protein calories for
energy needs. Being energy dense, fat reducesthe bulk of the diet and makesthe diet

more palatable.
Sodi um The restriction of sodiumis dependent on the degree of oliguriaand hence

sodium retention. If renal function isimpaired, sodium may be restricted to 500 to
1000mg/day. With recovery, theintake may beincreased. A list of sodium-richfoods

isincludedin Table16.2for your reference. You may need to avoid these.foodsin the .

diet of the patient suffering from nephritis.
Table 16.2: Foodstuffs high in sodium

Bakingsoda

Salt

Ajinomoto

Salted wafers, popcorns, salted biscuits, salted namkeens
Papads — al varieties.

Salted pickles, chutneys, curry powder — commercial
Commercial salad dressings and sauces

Soup cubes

Soft drinks containing sodium benzoate

Bakery products, bread, biscuits, patties, cakes etc

Nuts such as salted cashewnuts, pistachio, walnuts, peanuts

Commercial processed cheese

Foods containing preservatives such as noodle mixes, pastas
Canned and tinned foods

Salted or canned meat

Seafood, chicken, dry fish, bacon, ham.

Meat and yeast extracts like marmite

Proprietary drinks— Bournvita, chocolate drinks, Horlicks
Milk and curds

Pulses and legumes — all varieties

Vegetablessuch as — cauliflower , snakegourd, beetroot , carrot , coriander
leaves, fenugreek(methi) leaves, lettuce, spinach (palak), amaranth, radish




Potassium: |n case of oliguria, renal clearance of potassium isimpaired resulting in
hyperkalemia (increased level of potassium in blood). In the initial stages, therefore
potassium may have to be restricted to 1200-1500 mg/day. In addition, fruit, fruit
juices, nuts and coconut water may be restricted or avoided, as they are rich in
potassinm,

Fluid: Intake of fluids needsto be restricted in case of reduced GRF and oliguria to
500-700 ml/day plusthe volumeof urineoutput inprevious 24 hours. Without oliguria
fluid intake may be normal.

Dietary guidelinesfor acute chronic nephritis aresummarized in Table 16.3.
Table 16.3: Dietary guidelines in nephritis

Nutrients Comments

Protein BUN and oliguria determine the protein restriction. Give 0.5 to
0.69 protein/kg of ideal body weight and thenincreasegradually
depending on BUN values.

Kilocalories |  Adults given 30-40 Kcal/kg dry weight and children about
100 Kcal/kg dry weight based on age. Sufficient simple and
complex carbohydrates have a protein spaiting action. Fat
should be given based on tolerance.

Sodium Sodium depends on sodium retention and is restricted to
500-100mg/day.

Potassium Potassium restriction to 1200-1500 mg/day especidly if excess
inblood (hyperkalemia).

Fluid If reduced GRF and oliguria, restrict to an amount equal to

urinevolumeplus500ml.

With this, weend our study on nephritis. Next, weshall take up thenephrotic syndrome
and understand the dietary management of this disorder.

16.7 NEPHROTIC SYNDROME

Nephrotic syndrome is a disorder where the kidneys have been damaged, causing
them to leak protein from the blood into the urine. Itisafairly benigndisease whenit
occursin childhood, but may lead on to chronic renal failure, especialy in adults.

Nephrotic syndrome is also termed as nephrosis. This disorder is characterized by
massive oedema and proteinuria resulting from degenerative lesions of the tubules,
mesangium (central part of the renal glomerulus) or basement membrane of the
glomeruli.

What is the cause for these degenerative lesions to occur? Let usfind out.

16.7.1 Etiology

There are many etiological factors that cause a nephrotic syndrome. Progressive
glomerulonephritis, diseasesuch asdiabetes, collagen disease or drug reactions, from
exposure to heavy metals, or even from a reaction to toxin venom following a bee
sting can cause this syndrome.

Theclinical manifestations of thisdisorder are highlighted next,
16.7.2 Clinical and Metabolic Manifestations

Nephrotic syndrome is characterized by massive oedema and proteinuria,
hypoalbuminemia; hypercholesterolemia and abnormal bone metabolism. Let us get
to see how this happens.,

Nutritional
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Denegerative lesionsaf thecapillary basement membrane of theglomeruli leadtoloss
of the glomerular barrier to protein. Large amount of proteins (upto 4-10 g/day) are
thus lost in the urine as albumin. This proteinuria results in plasma proteins being
substantially lowered and causing massive hypoproteinemic oedema to occur due to
reduction in plasma albumin, which ismainly responsible for maintaining baance
between tissue and circulating fluids. Pedal (foot) and periorbital (around the orbit of
the eye) oedema and ascites (fluid in abdominal cavity) are common. Other proteins
lost include globulins, thyroid and iron binding protein. The continued lossof proteins
resultsin tissuebreakdown and mal nutrition, often masked by theoedema. Development
of fatty liver and sodium retentionworsenstheoedema. Another featureof thisdisorder,
linked to hypoproteinemiaiseevation of serum lipids, especially cholesterol to above
300 mg/dl. Nephrotic syndrome may be characterized by spontaneous period of
remission and exacerbation.

The progression of nephrotic syndromeisillustrated in Figure 16.3.

Progressive Damage o Nephrons

Jncreased amount of proteins filtered through
Glomerular basement memberane

\’
Anaemia  ¢—mm——e— Proteinuria
Hypothyroidism 1
| J 1
Hypoalbuminemia Peripheral oedema
$ _ and
Low plasma osmotic ascites
, pressure 4
reduced plasma volume | |
reduced rena blood flow ¢ :
enhanced renin angiotensin ;
aldosterone mechanism |
2
increased reabsorption of |
sodium and water e —— — e __l

Figure 16.3 : Flow diagram for nephrotic syndrome

Ass the disease progresses, calcium or phosphate levelsin blood maybe altered due to
altered vitamin D levels, resulting in renal osteodystropy and osteomalacia,

From our discussion aboveit isevident that nephrotic syndrome occurs due to loss of
proteinsin the urinein large quantities which reduces the amount of proteinin blood,
So, then what is the dietary management for this disorder? The next seclion presents

adetail review on this aspect.

16.7.3 Dietary Management

The major objectives of dietary management arc 1) to control and correct protein
deficiency, and 2) correct and prevent oedema and 3) maintain adequate nutrition to
afford better resistance to infection.

4
To help meet thisobjective the dietary guidelines include:

Calories. High daily intake of 35 to 60 Kcal/kg of idea body weight for adult and
about 100 Kcal / kg or morefor children isprescribed so as to conserve proteins. This
ensures adequateamount of energy and optimal utilizationof proteinfor tissuesynthesis,

Protein: Themgjor cause of nephroticascites and oedemais reduction of 20%or less
than normal valuein plasma albuminlevel. Therefore,' replacement of prolongedprotein



lossismost immediate and fundamental. A daly protein intake upto 1.25 g/kg/day in
adultsisadvocated. Asfor children, since Indian childrenusually havealow intake of
protein (even less than the RDA), adequate protein intake of upto 2 g/kg/day and not
more than 3 g/kg/day in infants isadvocated to replenish the depleted stores and to
enhance synthesis of albumin and thereby reduce the oedema. However, please note,
avery high protein diet may cause tubular damage to the kidneys as the kidneys will
have to filler more of the proteins.

Foodstuffs rich in protein arecow's milk, skimmed milk, eggs, fish, dry fish, chicken,
lean meat, paneer made from cow's milk, cheese, sprouts, pulses and legumes. At
least 60-70 % of this protein should be of good / high biological value (milk and milk
products, egg whites and meats).

Carbohydrates: A high carbohydrate intake is recommended for the protein sparing
action.

Fat: High amount of fats should be avoided as the cholesterol and triglyceridelevels
tend to be high in patients with nephrotic syndrome. Thediet must be high in calories
SO as to conserve proteins, yet low in fats. Excess of oily food and saturated fats
{ghee, margarinc, etc) should be avoided. If patient has hyperlipoproteinemia and
hypercholesterolemia, the total fat, aswell as, cholesterolintake needsto berestricted
to less than 30% energy from fat and < 300 mg cholesterol per day.

Sodiwm: Reduction in sodium intake iSrequired to reducethe oedema. Approximately
2-3 g of sodium/day may berecommended. Usually added salt is prohibited in these
patients. Refer to Table 16.2 given earlier which presentsthefoodstuffs high in sodium.
Avoid these foodsin the diet of the nephrotic syndrome patient. Diureticsare usualy

used to prevent further ocdema.

Potassium: I oliguria and anuriais not present, potassium restrictionisnot necessary.
In fact adequate potassium is important as losses may occur due to tissue protein
breakdown and diuretic use.

Calcium: If deficiency of calcium resultsleadingto bonerarefaction,increased calcium
intake or calcium supplementation is recommended along with moderate increasein
protein.

H ui d: May be normal unless GFR is reduced.

The dictary guidelines described above are summarized in Table 16.4 for easy
reference.

Table 16.4: Dietary guidelines for nephrotic syndrome

Nutrients Comments

Calories For adults - 35-60 Kcal/kg/IBW and children 100 Kcal/kg.
Sufficient caloriesprovidefor optimum utilizationof proteins
for tissue synthesis.

Protein For adults 1.25g/kg IBW/day and children 2-3 g/kg IBW. Of
this, 60-70% proteins must be of high BV to prevent ascites
and oedema.

Carbolhydrates | High intake due to its protein sparing action.

Fats Limit to 30% energy from fat and < 300 mg cholesteral,

especially if the patient has hyperlipoproteinemia and
hypercholesterolemia.

Sodium 2-3 g/day and diureticsin order to reduce oedema.
Potassium Required in adequate amounts asits |osses may occur dueto
tissue protein breakdown and diuretic use.

Calcium Additional amounts needed in case of bone rarefaction.
Fluid Normal — unless GFR is reduced.

Before we move any further, let us recapitulate what we have learnt so far.
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1. Briefly review theimportant physiological functionsof kidneys.

----------------------------------------------------------------------------------------------------------------------
........................................................................................................................
----------------------------------------------------------------------------------------------------------------------

........................................................................................................................

4. What are the causes of nephrotic syndrome? What dietary measures help to
correct oedema in nephrotic syndrome?

........................................................................................................................

5. What are the two major symptoms of glomerulonephritis? What are the
recommended protein and fluid intake of glomerulonephritis?

Therefore, your understanding so far has been quite good. Let us now continue with
our study of kidney disorders by reviewing acute renal failure, next,

16.8 ACUTE RENALFAILURE

Acute rena failure (ARF) is a rapid loss of rena function due to damage to the
kidneys, resultingin retention of nitrogenous(ureaand crestinine) and non-nitrogenous
waste products that are normally excreted by the kidney. Depending on the severity

and duration of therenal dysfunction, this accumulation isaccompanied by metabolic
disturbances, such as metabolic acidosis(acidification of the blood) and hyperkalaemia
(elevated potassium levels), changes in body fluid balance, and effectson many other

organ systems. It can be characterized by oliguria or anuria (decrease or cessation of

urine production), although noroliguric ARF may occur. It is a serious disease and

treated as a medical emergency.

Acute rena failure, in fact is a sudden loss of the ability of the kidneys to excrete
waste, concentrate urine and conserve electrolytes. It is a serious condition
characterized by a sudden shutdown of kidney function as mentioned above due to
decreased rena flow, acute glomerular or a tubular damage. It resultsin adeclinein
glomerular filteration rate (GFR), usually associatedwith azotemia (accumulation of
nitrogenous waste products in the blood) and afall in urine output.

The causesfor thisserious condition are discussed next.

16.8.1 Etiology

Severa conditions can lead to ARE These include:
e  Circulatory shock, large blood lossand reduced renal blood flow asin traumatic
injury, shock, severe burns, surgery, septicemia, dehydrationand fluid loss,
e  Mismatched blood transfusions,
410 o Nephrotoxinslike carbon tetrachloride, certain poisonousmushrooms,



o Infections, snake bite, bee stings etc.

¢  |mmunological reactions to drugslike certain antibiotics, and

®  Renal diseaselike acute glomerulonephritis.

The most common cause isaltered renal haemodynamicsor ingestionof nephrotoxins.
What then arethe clinical manifestationsd this disorder? Let usfind out.

16.8.2 Clinical and Metabolic Manifestations

The onset of ARF is sudden, with the course of the disorder having two phases,
namely:

a) oliguriaorinitial acute phase, and
b) . diuretic phase.

The latter indicatesrestoration of renal function, althoughit may still remain poor for
several days.

Themaor clinical featuresof ARF areoliguriaor anuria(urineoutput 20-200ml), due
to drastic reduction of GFR to 1-2%of normal. Along with this, haematuria and
proteinuria are usually present. There is an elevation of serum urea nitrogen and
creatinine due to reduced GFR and tissue protein breakdown. Uremiamay develop
along with associated symptoms like disorientation, lethargy, nausea, vomiting and
anorexia. Blood pressure elevation and increased levelsof potassium, phosphate and
sulphate occurs with lowered levels of sodium and bicarbonate. Water balance is a
crucial factor and unless controlled, the condition can prove fatal mostly due to
potassium intoxication or excess fluid retention leading to cardiac failure. Return to
renal functionis characterized by an increase in urineoutput or diuresis.

When diuresisis established, the urine volume gradually increasesto between 3 to 5
litres/day and theexcretion of sodium, potassium, ureaand other solutesalsoincrease.
Theblood ureafallsto normal in 7 to 10 days, indicating that glomerular filtration has
effectivelyimproved. Although theexcretoryfunction of kidney isrestored,the recovery

of regulatory function of the tubulesisslower. Theinternal environment of the patient ,

isdtill a risk because of excessivelosses of water, sodium, potassium, bicarbonate
and magnesium.

Inmagjority of patients, thekidneyswill recover withlittle or no residual damageif the
patient can survive the oliguric phase. However, in afew cases, residual damage of
tubular function may sometimes bedetected even long after theblood urea hasreturned
to normal levels.

Having gone through the discussion above, you would realize acute rend failure is
a medical emergency. Management of the life-threatening complications
becomes very important. Diet too plays an important role. We shall learn about the
dietary management next.

16.8.3 Dietary Management

In ARF the common nutritional problemsinclude: (1) Poor appetite, (2) Inability to
take food/or fluids orally due to intubation , and (3) Hypercatabolism (increased
metabolism) due to underlying illnesses such asinfection, postoperative healing.

Diet therapy in acute renal failure (ARF), therefore, focuseson:
¢  reestablishment of fluid electrolyte balance,

®  maintenanceof acceptable levelsof blood ureaand creatinine while supporting
tissuehealing and making up catabolic losses, and

e  preventinginfection.
With conservative medical and diet treatment, recovery may occur within afew days

or weeks. However, if oliguria continues with a rise in nitrogenous wastes and *.
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potassium, aggressivetherapy includinghaemodialysis may be requiredwith nutritional
support. Thus dietary management is a challenge and plays an important role. Ora
feedingis best, but if nutritional support is needed, caution is necessary to avoid fluid
overload and uremia

Thedietary guidelinesfor acute renal failureinclude:

Calories: In most adults, energy requirement amounts to 30-40 Kcal/kg body weight
with upto 40-45 Kcal /kg for hypercatabolic cases. The major source of energy is
carbohydratesfollowed by fat. An intake of 100-200 g or more of sugar /glucose per
24 hoursisadministeredwhen theoral intakeis poor because of vomiting and diarrhoea.
Children need enough calories to support growth. In some cases enteral or parental
non-protein concentrated cal ories sources may have to be provided because o fluid

restriction.

Protein: This needs restriction and intake is dependent on GFR and extent of
hypercatabolism. Initially theintake may rangefrom 0.5t00.6 g/kg IBW, subsequently,
increased to 0.8-1.2 g/kg IBW/day. Therefore, depending on the degree of protein
catabolism 0.5-1g/kg/day of protein may be given. With improvement, at least 60-
70% of good quality proteins are recommended to reduce unnecessary nitrogen load.

In case total parenteral nutrition (TPN) is required, a balanced amino acid solution
containing both essential and nonessential amino acids should be administered. In
addition to essential amino acids, arginine, histidine, serine, taurine and tyrosine may
be recommended.

Sodinm: During theoliguric phase, sodium may need to be restricted to 500-1000mg
(20-40 mEq) daily. It can be liberalized with onset of diuresis.

Pot assi um Since, hyperkalaemia is a life-threatening complication of acute renal
failure, it needsto be treated urgently. Potassium intake is restricted to 1000-2000mg
(25 to 50 mEq) and should be monitored strictly and regularly. As the rena function
improves, the intake may be increased.

H ui d: Intakeisbased on fluid balance but is usually redlricted to a basic alowance of
500 milday for an average adult with addition made for losses via other routes. The
fluid allowanceis usualy regulated in accordancewith urinary output and any additional
lossesfrom vomiling or diarrhoea. Strict monitoring of fluid balanceisimportant, the
patient's weight and blood sodium levels aregood indicators of fluid balance, and the
amount of fluid required. If fluid intake is not adequate for excretion of metabolic
wastes, dialysisis usually recommended.

The dietary guidelinesenumerated above are summarized in Table 16.5for your easy
reference.

Table 16,5: Dietary guidelines in acute renal failure

Nutrients Comments

Protein If not on dialysis, 0.6 g/kg/day. If on diaysis, 1-1.2 g/kg from
dietary or parenteral sources.

Calories Provide sufficient amount for weight maintenance or 30-40
Kcal. Increase to 40-45 Kcal/kg in hypercatabolic subjects.
Encourage non-protein calories from fats and simple

carbohydrates.

Sodium In oliguric phase, restrict to 500-1000 mg (20-40 mEq). On
diuresis, the amount nay beincreased.

Potassium If hyperkalemia is present restrict to 1000-2000 mg (25-50

mEgq). Onimprovement, increase to 60-70 mEgq.

Fluids Limit fluidslo an amount equal to urine volume plus500 ml.

After a detail review on acute renal failure, we move on to chronic renal failure.



16.9 CHRONIC RENAL FAILURE (CRF)

Chronic renal failureis a slow progressive loss o rend function over a period of
months or yearsand defined as an abnormally low glomerular filtration rate, which is
usually determined indirectly by the creatinine level in blood serum.

CREF, therefore, isacondition that arises due to advanced and progressive damage of
kidneys withimpairment of renal function.Few functional nephrons remain and CRF
results in what is usually termed urem a. Uremia, you may aready know by now isa
toxic condition resulting from renal failure, when kidney function i scotnpromisedand
urea, awaste product normally excreted in the urine, isretained in the blood.

Unlike acuterenal failure, with itssudden reversiblefailureof kidney function, chronic
renal failure isagradual and progressive lossof the ability of the kidneys to excrete
wastes, concentrate urine, and conserve electrolytes. CRF can range from mild
dysfunction to severe kidney failure. CRF that leads to severe illness and requires
some form of renal replacement thergpy (such as diaysis) is called end-stage renal
disease (ESRD) about which we shall learn in the next section.

What then are the causes for this disorder? Let usfind out.

16.9.1 Etiology

A number of diseases that involves the nephrons may result in CRF like primary
glomerular diseases such as.

immunecomplex glomerulonephritis,

®  metabolic disease with renal involvement such as diabetes mellitus, especially
IDDM,

e  hypertension,

o  exposure to toxic substances,

e  kidney stonesand infections,

o rena vascular diseases,

e rena tubular diseases,

¢  chronicpyelonephritis, and

e  congenital abnormalities of both kidneys.

These conditions can cause extensive changesin kidney structure and function. CRF
results in accumulation of fluidsand wasteproductswhich can lead to many clinical
signs and complications which are enumerated next.

16.9.2 Clinical and Metabolic Manifetations

Progressivelossof nephrons with adecreasedrena blood flow and glomerular filtration
resultsinamarked impairment of not only excretory but also metabolic and endocrine
functions of the kidney. There is a decreased ability of the kidneyslo maintain body
water balance, concentrate solutes in body fluid (osmolality) and electrolyte and acid-
base balance, Other clinical manifestationsthat develop may relate to almost every
system of the body due to an overall pervasive metabolic derangement of the body.

Increased solute |oad of metabolicwastes resultsin osmoticdiuresisinitially, dueto an
impaired ability of the kidney to concentrate urine. This |eads to loss of sodium and
potassium. However, with continued renal damage and reduced GFR, sodium,
potassium and nitrogenous wastes tend to be retained in the body. This contributes to
oedema, hypertension, hyperkalemia and azotemia, respectively, Azotemia j sthebuildup
of nitrogen waste productsin the blood. Retentionof phosphate, sulphate and organic
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acids causes metabolic acidosis due to loss of bicarbonate. Impaired calcium and
phosphorus balance due to decreased vitamin D, and consequent secondary
hyperparathyroidism leads to renal osteodystrophy or renal bone disease, with bone
and joint pains. Calcification of soft tissues is another complication that can develop.

Other clinical featuresinclude anaemia due to impaired RBC synthesis. Hypertension
arises due to stimulation of the renin angiotensin system by the reduced renal blood
flow, resulting in vasoconstriction. Theresultant cardiovascular damageworsensrend
function. Other related symptoms are shortness of breath and fatigue. Azotemia and
other metabolicchangescauseanorexia, weight:loss, gastrointestinal irritability, nausea,
vomiting and diarrhoea. Subcutaneous nasal or Gl bleeding can occur dueto increased
capillary fragility. Mouth ulceration, taste changes, neurol ogical symptoms, increased
susceptibility toinfection dueto malnutrition also commonly observed.

Controlling the symptoms, minimizing complications, and slowing the progression of
the disease, thereforeis the main focusfor the management of CRF, particularly the
dietary management which is discussed next.

16.9.3 Dietary Management

Feeding isachallenge in CRF as anorexiaand taste changes reduce food intake. The
main focus of dietary management ison protein, sodium, potassium, phosphate, water
and adequatenon-protein cal ories. | ndividua modificationsarerequired based on clinical
profile, treatment and response of the patient. Keeping in mind the general objectives
of diet treatment in renal disease, the following modifications are required.

Energy: About 2000-2500 Kcal/day arerecommended or 30-40 Kcal/kg/day for adults
and about 100-150 Kcal/kg/day for children. If the calorie intake is inadequate,
endogenousprotein catabolismand gluconeogenesis occur tosupply energy and further
aggravate uremia. Therefore, 300-400 g of carbohydrates are recommended.

Protein: Proteinneedsto be restricted. However, enough hasto beprovided to minimize
tissuecatabolism.About 0.5 g/kg/day i srecommendedbut has to be regul ated depending
on declining renal function. A protein intakeof 35-409 /day (60-70%af high biological
valueprotein) with liberal calorieintake can maintain the nitrogenequilibriumfor long
periods while reducing azotemia. If BUN rises, the protein intake may need to be
restricted to 20 g/day. High biological value proteins from milk and eggs are
recommended to provide all the essential amino acids. To reduce the nitrogen load, in
advanced cases, mixture of essential amino acids or nitrogen free precursors o the
essential amino acids like aketo or a hydroxy analogs may be recommended.

The potential benefitsof protein restriction include:

® Decreases glornerular hyperfiltration, which may slow progression of
glomerulosclerosis.

o Protein restricted diets are phosphorus restricted, which delays onset of rena
secondary hyperparathyroidism and may slow progression of glomerulosclerosis,

Reduces proteinuriain glomerulopathies.
Reduce net acid load.
May reduce serum lipids.

L 3

¢ O O

Improves the symptoms of uremia.

Sodi um Sodium intake will vary between 500 mg to 2.0 g/day. Weight loss and
decreasing urine volume usualy indicate a need for additional sodium, whereas if
hypertension and oedema are present, the sodium intake needs to be restricted.

Fot assi um The failing kidney cannot excrete potassium adequately and therefore
intakeiskept at about 1500 mg/day (35 to 40 mEq /day). The potassium intake hasto
be adjusted to maintain normal levels in blood. In severe vomiting and diarrhoesa,
significant losses of potassium can occur and in these conditions, careful potassium
supplementation may be needgd. Potassium content of various vegetables ad the



methods of leaching potassium aregiven insubsection 16.11.4. Read thisinformation
carefully.

Calcium andphosphorus: To maintain calcium and phosphorus balance and prevent
or delay rend bone diseases, calcium supplements (1-2 g/day) are recommended and
phosphateis restricted to 800-1200 mg/day. Phosphatebinding agentsmay be used if
required to reduceabsorption. Calcium carbonatesupplementscan help buffer metabolic
acidoss, if present. It is iinportant to remember not to start calcium supplements,
unless phosphateis restricted, to avoid soft tissue calcification.

Mtamn: Multivitamin supplements are recommended for a diet with < 40 g/day of
protein. Supplementsof vitamin D, may be recommended, based on need.

Huid: Intake isdependent on urine output and water balance. Fluid intake should be
adequate to stimulate urine output for excretion of wastes but should avoid excess
fluid retention at the same time.

Some nutritional supplements are availablein the inarket that are very specificfor this
condition and can be recommended if the dietary intake is unsatisfactory. Details
related to commonly available commercial enteral nutritionformulasfor rend patients
isgiven later in section 16.12. You may like to review theseformulas now. So go
ahead and review these formulas.

Thesummary of the dietary guidelines for CRFisgivenin Table16.6 for your ready
reference.

Table 16.6: Dietary guidelines for CRF

Nutrients Comments

Energy 30-40 Kcal/kg/day for adults and 100-150 Kcal/kg/
day for children.

Carbohydrates 300-400 g/day to avoid endogenousproteincatabolism,
gluconeogenesis and subsequently uremia

Proteins 05 g/kg/day, with 60-70% as high BV protein. To
reduce N, load, amixtureof essential aminoacidsis
recommended.

Sodium 500mg-2.0g/day. Additiona Nain casc of weight 0ss

and decreasing urine volume and restrictionof Nain
case d oedema and hypertension.

Potassium Intake must be kept a 1500 mg/day (3-O mEg/day)
and in case of significant losses, potassium
supplementsshould be given,

Cdcium and Phosphorous | Calciumsupplementation—1 102 g/day and phosphate
to be restricted to 800-1200 mg/day

Vitamin Multivitamin supplements, specially vitaminD,

Huid I ntakeisdependenton urine output and water balance.

Now let us recall what we have learnt SO far by answering the questions given in
check your progress exercise 2.

Check Your Progress Exercise 2

L. Enlisttheetiological factors leading to acute renal failure?
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Nutrition 2. What is the recommended protein intake for ARF and CRF patients?

.........................................................................................................................
.........................................................................................................................
.........................................................................................................................

3.  Why proteinsof high biological value are recommended in rend failure?

4. What sodium intake is recommended for CRF patient?

In the last section you may recall studying that CRF leads to severe illness and
requires some form of renal replacement therapy (such as diaysis) which is
called end-stage renal disease (ESRD). Let us get to learn about this condition next.

16.10 END STAGE RENAL DISEASE (ESRD)

Do you know that in India with a population of more than 1 billion an approximate
100,000 patients develop ESRD? Of these, 90% never see a nephrologist and 10%
who do consult a specidist find it difficult to afford the treatment.

The conditionwhen kidneys have lost all or most of their ability to function with GFR
< Sml/minute is called end stage renal disease (ESRD). Today, there are new and
better treatments for ESRD that replace the work of heathy kidneys. The treatment
of choiceincludesdialysis— haemodialysis(HD) and peritonea dialysis (PD) - and
kidney transplantation.

Wesshall learn about these treatments next. To get you started we suggest you refer to
theA pplied Physiology Course(MEN-001), Unit 7, section 7.10 and 7.11whichfocuses
ondiaysis and kidney transplant. Go through the discussion presented in thesesections
to understand what is dialysis and renal transplant. This information will help you
understand the dietary management elaborated here in this section.

16.10.1 Dialysis

So what does the process of dialysisinvolve? Yes, the process of dialysisinvolves
cleansing the blood of metabolic wastes, based onthe principleof osmosisand diffusion.
A semi permeable porous membrane is used in dialysis to separate the patient blood
carrying excess fluid and metabolic wastes and the hypotonic ™ diaysis fluid” called
dialysate. Through osmosisand diffusion, the metabolic wasteand excess water move
into the dialysate. The pores of the semi permeable membrane do not permit large
particles like protein and RBCto pass through, but smaller water-soluble molecules

can pass.
416 You may also recall studying that there are two typesdf dialysis. These include:
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b) peritoned didysis
A brief review of these two types follows.

Haemodialysis (HD) — In this, patient's blood circulates outside the body through
what iscommonly referredtoasan " artificial kidney machine”. An openingiscreated
to connect an artery and a vein. Blood |leaves the body via the axtery, into the dialyses
and after cleansing, flow back to the body via the vein as shown in Figure 16.4.

iFiltered b]ood\ :
' back to body
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Figure 16.4: Haemodiaiysis

Peritoneal didysis (PD) — In this, the patient's peritoneum is used as the semi
permeablemembraneand excess water and metabolicwastesare removed by injecting
the dialysis fluid into the peritoneal cavity asillustrated in Figure 16.5. After same
time, thefluid with the metabolic wasteisdrained out from the peritoneum. Peritoneal
dialysisislesseffectivethan hacmodialysis and can resultin lossof intact largemoleculer

proteinsalso.
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Figure 16.5: Peritoneal Dialysis

For long-term use, continuous ambulatory peritoneal dialysis(CAPD) may be used
basedonfacilitiesavailable. In this, thedialysisfluid isexchanged 4-5timesdaily. Itis
also important ta prevent/control infection. In some cases, continous cyclic peritoneal
didysis CCPD or Intermittent Peritoneal Dialysis (IPD) may be used.

Wheat is the roleof dietary management during dialysisis discussed next.

16.10.2 Dietary Management during Dialysis

Once dialysis is started, the diet in ESRD can be liberalized, taking care that
accumulation of metabolic wastes and water is prevented between treatments and

biochemica balanceis maintained. 417
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Theobjectivesof dietary management thusare to maintain balance of protein, energy,
fluid and electrolytes,cal cium and phosphorus, whilemaking up lossesof water-soluble
nutrientslost inthedialysate. The dietary guidelinesinclude:

Energy: Upto 35-40Kcal/kg/day for adultsand 100K cal or more /kg/day for children
is recommendedto meet the body needsand minimize tissue protein breakdown. Fats
and carbohydrates are the main energy sources used. Some restriction of tota and
saturated fats may be needed, asdialysis patientsare prone to cardiovascular disease.

Protein: The requirement isincreased due tolossesin the dialysate. In haemodialysis,
1.2-1.5 g/kg/day is required. At least 70% of the protein given should be of high
biologicalvalue from eggs, fish, chickenand milk, thoughmilk may need tobelimited
being arich source of potassium.

This protein intake helps to maintain positive nitrogen balance, replace losses and
prevent undue accumulation of nitrogen wastes, between treatments. Amino acid
replacement may also be required in case of large losses.

Sodi um A daily intakeof 1500 to 2500 mg may be permitted to control fluid retention
and hypertension. Thisrestriction helpsto prevent pulmonary oedema or congestive
heart failure because of fluid overload. Regular assessment of the kidneys ability to
handle sodium and water i s important to determine the intake.

Potassium: A daily intake of 1500-2500 mg is prescribed to prevent hyperkalcmia.
Potassium accumulations easily cause cardiac arrhythmiasor cardiac arrest.

Phosphorus: This may need some restriction.

Vitamins and Minerals: A daily supplement of water-soluble vitamins and minerals
areusualy given, asthesearelostin thedialysate. Fat-sol ublevitamins may beretained.
Thus, their supplementsare avoided except vitamin D. Supplements of mineralstike
calcium, iron and zinc are recommended.

Hud Usualy 400-500 ml (basal losses) plusthe urine output is recommended. The
fluid intake must take into account al sources of fluid input and output to maintain
balance. Mild fluid retention between treatments usualy occurs.

Patient counseling and support is an important part of dietary management to help
renal patients understand their dietary modifications, the foods permitted and those to
be avoided. Counseling about the ways to increase the palatability of the restricted
diets can encourage the patient to increase their dietary intake.

Next, we moveon to kidney transplant.
16.10.3 Kidney Transplantation

Kidney transplantation, you may recal studying, isa procedure that surgically places
a hedthy kidney from a donor into the recipient's body. This new kidney does the
work of thefailed kidneys. Donated kidneys may come preferably from blood relatives,
after tissue and blood matching. Success of kidney transplant has improved with the
useof immunosuppressivedrugs and steroidsto prevent organ rejection and infection.
Post transplant nutritional support isrequiredfor thismajor surgical procedure. Optimal
energy and protein intake are important for recovery, as you may recall studying
earlier inUnit5dealingwithsurgery. Initialy, whileon medication, some restriction of
sodium, simple sugars, total fat, cholesterol and saturatedfat may be required. Thisis
because of the side effects of immunosuppressant and steroids. With recovery and
reduction or withdrawal of medication, the diet can be normalized. Table 16.7 gives
the nutrient requirements for adult with end stage renal disease based on the type of

therapy.

I



Table 16.7: Nutrient requirement for adult with end stage renal renal Nutritional
Management of

disease based on type of therapy Renal Diseases
Theraphy Energy Protein Fluid Sodium | Potassium| Phosphorus
(Kcal/lkg BW)| (kg IBW) | (ml/day) |(g/day) | (g/day)l | (g/day)
Haemodialysis 35 1 500+urine Variable 2-3 1-1.2
output | 2-3
Imtermittent 30(40-50 for 12 500+urine 2-3 2-3 1-1.2
Peritoned repletion) output
Dialysis (IPD)
Continuous 25 (40-50 for 12 Adlibitum 6-8 34 1.5-2
Ambulatory repletion) (minimum or
Peritoneal 2000 mi/day
Dialysis + urine
(CAPD) output)
Transplant (4 tof  30-35 152 |Adliditum Vaiable | Vaighle | 1.2,calcium
6 weeks after 1-2 g/day
transplant)
Transplant (six | Toachieve 1 Adlibitum Vaiadble | Variable Calcutum
weeks or longer | [BW 1-2 g/day

Modified from: Krause’s food, Nutrition and Diet Therapy by Mahan Cesott Stump and C 2000)

Thediscussion presented ahovc, we hope will help you in dietary management o ESRD. To recapitulate
what you have |carnt so far, answer the questions given in check your progressexcrcisc 3.

Check Your Progress Exercise 3

1 Enlig the different choices of therapy for treatment of end stage renal disease
patients.

............................................ B IR R R e s P s PP Ra R PE R ORI RNIaasern st iaiasntertalOsssbhusaotantrcrsrante

why?

L T T T TP T P T P P T TR Y TR T I L LA T T I T TR T YR P O) sevre

....................... T TR LT L L R LR LI R T T LI TR R E L L SRR Y PP PR R IT I N T

.................... RIS T RN T T T Ry R T TR R R P R LI R R S e PR AR
LA - XY} . ] (11 ’ TR I LT N RN PR TSN R P A ¥

Thediscussionso far focused on disorders linked to thelossof renal functions due to
damage to thekidneys. Condition related to the presenceof stonesin theurinary tract
arediscussed in the next section. 419
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16.11 RENAL CALCULI

Renal calculi or stones may be formed in the kidney, pelvis or ureter, when the
concentration of components in the urine reaches a level in which crystallization is
possible. The process of stone formation is also called nephrolithiasisor urolithiasis.
Figure 16.6 illustratesthekidney stone. A kidney stoneisasolid massthat consists of
acollection of tiny crystals. There G be one or more stones present at the sametime
inthe kidney or in the ureter. They generally are composed of calcium salt, uricacid,
cystic or struvite (triple salt of ammonium, magnesium and phosphorus). Crystals of
«these substances interspersed in an organic matrix or base can form stones of
varying size.

CHIINEY STOINE Kidne
BHINEY STONE cmogcn):_:;

# Kidney
T stone © ot

E " Uret s
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Figure 16.6: Kidney stone

What causes the formation of these stones? Let us find out.

16.11.1 Etiology

Kidney stones may form when the urine becomes too concentrated with certain
substances. These substances may create small crystals that become stones. Different
types o stones form under different circumstances. Although, the exact cause of
renal stonesisnot known, but multiple factors may play a role directly or indirectly,
mostly related to urine composition and urinary tract environment. Some possible
etiological factorsin different types of calculi are enumerated herewith:

@  Calciumstones (oxalate, phosphate and carbonate): Excess intake of calcium,
oxal ate, hypervitaminosis D, hyperparathyrodism, prolonged bed rest, renal tubular
acidosis, idiopathic hypercalciuria.

e  Struvite stones. Mostly due to urinary tract infection (UTI).

e  Uric acid stones: Impaired purine metabolism with increased urinary excretion
of uric acid.

Cystine stones. Hereditary metabolic defect in renal tubular reabsoi-ption.

Hot climates leading to over concentrated urine, changes in pH of urine aso
predispose to stone formation. Although there is a high intake of animal protein,
deficiency of vitamins B, and magnesium are reported to play arole in the causation
of these stones.

Some types of stones tend lo run in families, Some types may be associated with
bowel disease, ileal bypassfor obesity, or renal tubule defects. So what ever may be
the cause of the renal stones, it causes discomfort and typical symptoms. These
symptoms are highlighted next.




16.11.2 Clinical Symptoms

. The kidney stones may not produce symptoms until they begin to move down the
ureter, causing pain. The pain is usually severe and often starts in the flank region,
then moves down to the groin. The patient experiencesblood in the urine, severe pain,
weakness and in some cases fever. Laboratory examination and chemica analysis
can help determine location, size and main constituent of stones to determine the
treatment.

So then, what is the treatment or management Strategy for renal calculi? We shall
learn about thisin the next section, with particular focus on dietary management.

16.11.3 Dietary Management

The god of treatment of renal calculi is to relieve symptoms and prevent further
complications. Treatment, therefore, varies depending on the type of stone and the
extent of symptoms or complications.

Kidney stones usually pass on their own. In acute stagewith stones lessthan 5 mm in
diameter, it may passin the urine by drinking large quantitiesof fluid especially water
and needs no specific treatment. Stones more than 7 mm in diameter may require
surgical treatment or lithotripsy by which large stones are broken down and excreted
inthe urine.

Although, role of diet in the formation d urinary stonesis not well established, it is
advisable to have liberal fluid intake, a balanced diet and restrict foods based on the
mainconstituent of the stones. Table 16.8 givesinformation related to different stones
and their correspondingdiet restriction.

Table 16.8: Different stones and their corresponding diet restrictions

Main constituents Diet restriction Urine pH

~ e Calcium stones Calcium — 400-600 mg

-phosphate Phosphorus - 1000-1200 mg Acid

-oxalate
e Struvite stones Low phosphorus diet Acid
e Uric acid Low purine diet Alkaline
e Cystine Low methioninediet Alkdine

Besdesliberal fluid intake and some dietary restriction, urine pH control helps based
on thechemica composition of thestone, mainly viaacidifying or alkalinizing agents
or diet. Binding agents to bind the stone constituent may also be used.

Let us now have a look at the dietary sources of various constituents of the renal
stones.

16.114 Dietary Sourcesof VariousConstituentsof the Renal Stones

Dietary sourcesof potassium, sodium, calcium, oxalate and uricacid aregivenin this
section. We begin our study with the dietary sourcesdf potassium.

A. Sources of potassum

Table 16.8 presents the sources o potassium. The methodsor direction for leaching
potassium i salso highlighted subsequently in thissection.
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Table 16.9: Sources of potassium in the diet

Nutrition (Potassium / 100 g Vegetable)
(0-100 mg) (101-200 mg) (201 mg and above)
Beetroot Bitter gourd Amaranth
Bottle gourd Brinjal Coriander leaves
Broad beans Cauliflower Drumstick leaves
Cucumber Cabbage- Spinach
Field beans Carrot Colocasia
Green Mango Onion small Potato
Peas Radish white Sweet potato
Lettuce Ladies finger Tapioca
Fenugreek leaves | Pumpkin Green papaya

Green tomato Yam

On review of Table16.9, you would realize that it is not possible to always consume
only low potassium content foods. Therefore, next we present you a method by
which we can leach potassium and reduce its content to a major extent in foods.
Directions / Methods for | eachi ng Potassium

Method | — Wash, peel and cut vegetables into small pieces. Soak in warm water for
2-3 hours. Discard water. Add large volume of fresh water and cook the vegetables.

Discard water.

Method IT ~ Peel vegetables and cut into small pieces. Bring to boil in alarge quantity
of water. Discard excess water and cook in a large volume of fresh water. Discard

excess water.

Let us next have alook at afew dietary sources of Na, C'a. oxalate and uric acid.

B. Sources of Sodium

Food items with ahigh sodium content (these food items should be avoided):
e At

e  Baking powder

¢  Bicarbonate of soda

¢ Canned, preserved and processed food items as processed cheese, salce,
margarine, €tc.

e  Bacon, ham and sausages

® Meat and yeast extracts like marmite

¢  Salted chips, nuts, popcorn and biscuits

e Commercial salad dressings and sauces

e  Soup cubes

e  Malted beverageslike Boost, Bournvita and Proteinex.

42 »  Flavour enhancers such as Monosodium glutamate (MSG)



C. Sources of Calcium, Oxalate and Uric Acid " Nutritional
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Calcium

Beans, cauliflower, egg yolk, figs, milk and milk productslike cheese, parieer, curds,
molasses and potatoes.

Oxalate

cashewnuts, chickoo, chocol ate, cocoa, custard apple, groundnuts, spinach, strawberries,
tomatoes and tea.

Uric Acid

Fish herring, fish roe, salmon, sardines, kidney, liver, meat extracts and soups, and
sweet bread.

We just learnt about the dietary sources of various minerals which may or may not
contribute to the formation of rena calculi. Lastly, we moveon to afew commonly
availablecommercial enteral nutrition formulas which could beof helptorenal patients.

16.12 COMMONLY AVAILABLE COMMERCIAL
ENTERAL NUTRITION FORMULAS FOR

RENAL PATIENTS
Earlierin thiscoursein Unit 4, you may recall sudying about theenteral and parenteral

feeding and the formulas commonly used for these feeding methods. Some common
enteral nutrition formulasfor rena patients are highlighted here in this section.

Reno - care | (For pre-dialysisstate) Sachet —51.5 g provide:
Low protein (3.75 g/sachet)

Low sodium (4.10 mEq/sachet)

Low potassium (2.40 mEq /Sachet)

Low phosphorus (80 mg/sachet)

Reno - care I (For didlysisstate) Sachet 525 g provide:
Moderate protein (8.80 g/sachet)

Low sodium (4.10 mEq/sachet)

Low potassium (240 mEq /sachet)

Low phosphorus(86.0 mg /sachet)

Nutrenal CRF
Composition pg 1009 :

Protein 7.74 g
Sodium202.72mg
Potassium 28383 mg
Phosphorus 188.86 mg

Nutrenal D al ysis
Compositionper100 g

Protein18.09g
Sodium214.71 mg
Potassium 27356 rng
Phosphorus 177.65 mg

With this, we end our sudy of nutritional management of rend diseases. 423
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Check Your Progress Exercise 4

1.  What isarend calculi? Giveitsetiological factors.

2. What dietary advicewould you give to a patient suffering from struvite stones?

3. Give any five potassium rich food sourcesin the diet. Suggest a method for
leaching potassium.

........................................................................................................................

16.13 LET US SUM UP

In this unit, welearnt that kidney performs a myriad of functionsincluding excretory,
endocrinal and metabolic. The kidney maintains the fluid, electrolyte balance and
normal volume, pH and osmolality of blood. Metabolic waste products and toxinsare
excrctecl from the body while essential nutrients are reabsorbed by the kidneys.

Further, the unit focused on the diseases of the kidney. These diseases alter the
capacity of the kidneysto perform thefunctions. The common diseases in which diet
playsanimportant roleare glomerulonephritis, nephrotic svidrome, acuterend failure,
chronic rena failure and renal calculi. We learnt that t::ese diseases have multiple
etiological factorsand the clinical manifestations and biochemical parameters govern

the dietary management of these diseases.

The main objectivesof the dietary management arc to reducethe excretory workload
of thekidney and prevent progression o renal damage while maintaining satisfactory
nutritional statusand asnear normal fluid, acid base and el ectrolyte balance. To meet
these objectives, modifications in the diet are required mainly for protein, sodium,
potassium, fluid, cal cium and phosphate. The main objectiveisto try and maintain the
internal milieu of the body. In case of poor eral intake, commercially available
supplements in the market may have to be used. When the kidney function fails
dialysisor transplantation i srecommended.

Finally, theunit focused on renal calculi. Patientswith kidney stones have to betreated
according to the type of stones and diet therapy is recommended thereafter. Thus,
nutritional care will depend largely on thetypeof renal disease and biochemical and

clinical manifestations.

16.14 GLOSSARY

Anuria = complete lack of urine excretion.
Anorexia . lossof appetite.
Ascites : anaccumulation of fluid intheabdominal cavity.



Azotemia

Catabolism

Congenital
Dialysate

Diuretic
Oedema

End Stage Renal Disease

Haematuria

Haemodialysis

Hyperkalemia
Hypoproteinemia

Mesangium

Metabolic calcification

Nephritic syndrome

Nephrotic syndrome

Oliguria

Osmosis

Osteodystrophy

Periorbital Oedema

Peritoneal dialysis

: an accumulationof abnormal quantities of urea, uric

acid, creatinine and other nitrogenous wastes.

the destructive phase of inetabolism in which
complex substancesare convertedintosimpl er ones.

: of geneticorigin.

:+ the solution usedin dialysisto removewasteproducts

and excessfluid from the blood.
an agent that increases urine secretion.

swelling of tissues.

: adisease characterized by the kidney's inability to

excretewaste products, maintain{luid and elecrolyte
balance and produce hormones.

: presence of blood in the urine.

amethod of clearing waste productsfrom the blood
in which blood passes through a semi permeable
membraneof the artificial kidney.

> highlevels of potassiumin blood.

low levelsdf proteinin blood.

: itisthecentral part of therenal glomerulusbetween

capillaries.

the deposition of calcium in tissues as a result of
abnormalitiesin calcium and phosphatelevelsin the
blood andfluids.

the syndrome of hematuria, hypertension and loss
of renal function thet resultsf ramacuteinflammation
of the capillary loops of theglomerulus.

: acondition resulting from loss of the glomerular

barrier to protein and is characterized by massive
oedema and proteinuria, hypoalbuminemia,
hypercholesterolemia and abnormal bone
metabolism.

the condition characterized by a urinary output of
less than 500 ml/day.

: the passage of solvent through a semi permeable

membrane that separates solutions of different
cuncentrations, The solvent is usually water.

A bone disease characterized by softening and
fibrous degeneration of bone and the formation of
cystsin bonetissue, caused by chronic renal failure,

refers to accumulation of fluid around the orbit of
the eye.

the method of removing wastes from the blood in
which diffusioncarriesthemf ramthe blood through
the semi-permeable peritoneal membrane into the
dialysatc.
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Proteinuria I proteinin urine.

Pyelonephritis : is an ascending urinary tract infection that has
reached the pyeurn (pelvis) of the kidney.

Renal failure : theinability of akidney to excrete the daily load of
wastes.

Uremia : aclinical syndromeof weakness, nausea, vomiting,

muscle cramps, metallictasteand often neurological
impairment.

A ]

16.15 ANSWERSTO CHECK YOUR PROGRESS

EXERCISES

Check Your Progress Exercise 1

1.

The three major functions of the kidneysinclude: excretion, endocrine and
metabolic. Excretion of urea and its products and maintenance of electrolyte
and fluid balanceare the main excretory function of kidneys. Endocrinefunctions
pertain to synthesisof vitamin D, releasedf erythropoeitinfactor and stimulation
of renin-angiotensin mechanism, where as metabolicfunctionsinvolve nitrogen
metabolism and gluconeogenesi sduring starvation.

Fivesignificant kidney function lest include: Creatinine clearancetest, alkaline
phosphatase, haemoglobin levels, urineanalysis, serum electrolytes.

The diseasescaused due to kidney dysfunctioninclude acuteand chronicnephritis,
nephrotic syndrome, acute renal failure, chronic rend failure, diaysis, renal
transplantation and renal calculi.

Nephrotic syndromeprimarily occursdue progressiveglomerulonephritis, diabetes,
collagen disease or drug reactionsfrom exposureto heavy metals or reactionto
toxin venom. Oedema can be corrected by making up for the protein losses and
by bringing the plasmaabumin levels to normal. Reductionin sodium intakeis
requiredto correct theoedema. Approximately2-3g o sodium isrecommended.
Diuretics are usually used to prevent further oedema.

Hematuriaand proteinuriaare the two major symptoms o glomerulonephritis.
Initidly, 0.5-0.6 g protein/kg IBW is provided. Higher levels of protein (1g/kg/
IBW) are providedif BUN levels remain within thenormal range. Fluidintakeis
500to 700 ml/day plusthe volumeaf urineoutput in previous 24 hours.

Check Your Progress Exercise 2

1

ARF can bedue to circulatory shock, large blood loss and reduced renal blood
flow as in traumaticinjury, shock, severe burns, surgery, septicemiaor due to
mismatched blood transfusions, nephrotoxinslike carbon tetrachloride, certain
poi sonousmushrooms, immunol ogical reactionstodrugslikecertain antibiotics,
renal diseaselike acute glomerulonephritis.

The recommended levelsof proteinfor apatient with ARF are proteinintake of
0.5-1g /kg IBW/day, and for CRF = protein intaked 0.5 g/kg IBW/day.

High biological value proteins are recommended to meet the body's need of
essential amino acids and yet not burden the body with excess non-essential

amino acids.

Sodium intake of 500-2000 mg /day is recommendedfor CRF patient.



Check Yaur Progress Exercise 3

1.

Thedifferentchoicesavailable for patientswith ERSD are haemodialysis, CAPD,

.IPD, CCPD and kidney transplantation.

Extraamount of proteins, with therequirements rangingfrom 1.2-1.5 g/kg/day is
needed due to losses of protein in the dialysate.

A daily intakeof 1500-2500 mg is prescribed o prevent hyperkalemia. Potassium
accumulation can cause cardiac arrhythmias or cardiac arrest.

Sodiumisrestricted in patients undergoing dialysisto prevent pulmonary oedema
or congestive heart failure because of fluid overload.

Check Your Progress Exercise 4

1.

Renal calculi or stones are composed of calcium salt, uric acid, cystic or struvite
(triple salt of ammonium, magnesium and phosphorus). The etiological factors
range from concentrated urine in hot weathers, high animal protein intake,
deficiency of vitamin B and alterationsin pH of the urine.

A patient suffering from struvite stones is advised to have liberal fluid intake, a
balanced diet and to restrict foods based on the main constituent of the stones;
which in the case of struvitestonesislow phosphorous diet.

Rich sources of potassium include amaranth, coriander leaves, drumstick |eaves,
spinach, colocasia, potato, sweet potato, tapioca, green papaya and yam.

Themethod for potassium leachingisgiven in subsection 16.11.4. Read carefully and
answer on your own.
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