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Figure 1o5.5 riiration rrocess along tne nenal iupbuies
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not filtered
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= Glomerular filtration—nmondiscriminant filtration of a protein-
free plasma from the glomerulus into Bowman's capsule

substances from the tubular lumen Iinto the peritubular capillaries

= Tubular secretion—selective movement of nonfiltered

= Tubular reabsorption—selective movement of filtered
3 substances from the peritubular capillaries into the tubular lumen
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Functions of the kidney

4 N ( N Y Vitamin D ( 3 | |
Removal of boli
R Removal of Tubular Electrolyte metabolism, Erythropoietin Blood pressure Acid-base
yaste” excess water reabsorption homeostasis mineral production regulation balance
\__homeostasis / |

\/\/ \/ YRYATAYA \/

[ A R R

Manifestations and complications of CKD

Fig. 3. Impairment of different kidney functions in chronic kidney disease (CKD) leads to
distinct manifestations and complications of CKD.
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CKD is reduced kidney function
and/or kidney damage

= Chronic kidney disease

- Kidney function

= Glomerular filtration rate (GFR) < 60 mL/min/1.73 m? for > 3 months
with or without kidney damage

AND/OR

- Kidney damage
= > 3 months, with or without decreased GFR, manifested by either
- Pathological abnormalities

- Markers of kidney damage, e.qg., albuminuria

» Urine albumin-to-creatinine ratio (UACR) > 30 mg/g

This definition does not account for age-related GFR decline.

() NKDEP

Haticnal Bidney Diiesse

mmmmmm o Reference: National Kidney Foundation, 2002




Table 10. Stages of Chronic Kidney Disease

GFR
Stage Description (mL/min/1.73 m?%)

Kidney damage =90
with normal or T GFR

Kidney damage 6089
with mild 1 GFR

Moderate 1 GFR 30—-59
Severe 1 GFR 15-29
Kidney failure <15 (or dialysis)

Chronic kidney disease is defined as either kidney
damage or GFR <60 mL/min/1.73 m” for >3 months.
Kidney damage is defined as pathologic abnormalities
or markers of damage, including abnormalities in
blood or urine tests or imaging studies.




STAGES OF CHRONIC KIDNEY DISEASE

Stage 1 Kidney damage with normal kidney function

Kidney damage with mild loss of

Stage 2 kidney function

Sta g e 33 Mild to moderate |oss of kidney function

S ta g o 3 b Moderate to severe loss of kidney function

St EIIQE a_ﬂ. Seveie |ous of licl@ey funatisi

S0 or higher

59t0 45

44 to 30

291015

Less than 15

% OF KIDNEY
FUNCTION

290-100%

Less than
15%

* Your GFR number tells you how much kidney function you have. As kidney disease gets

worse, the GFR number goes down.




Albuminuria categories

Normal or
G high =90
Mildly 60-
G2 decreased Q0
Mildly to
S G3a | moderately 459.
fu-s" decreased S
% Gab Moderattlely 30-
3 to severely
= decreased 44
Severely
Ga decreased A5~29
Kidney
G5 failure =15

Key to Figure:

Al Az A3
Normal to Mod 1 s 1
mildly Aoderately Severely
. increased increased
increased
<30 mg/g 30-299 mg/g =300 mg/g
<3 3-29 =30

meg/mmol

mg/mmol

meg/mmol

Colors: Represents the risk for progression, morbidity and mortality by color from best

to worst.

Green: Low Risk (if no other markers of kidney discase, no CKD)
Yellow: Moderately Increased Risk
Orange: High Risk

Red: Very High Risk
Deep Red: Highest Risk
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Pearls/Pitfalls v

Female Male

Black race

years

Creatinine mg/dL =

Result:

Please fill out required fields.




Use eGFR to assess kidney function*

Age, Race, Gender of Patient m

35-year-old African American male 1.2 260
35-year-old White female 1.2 91
58-year-old Asian American female 1.2 46
58-year-old White male 2.4 28
58-year-old African American male 2.4 34
58-year-old African American female 2.4 25
80-year-old Hispanic female 24 19

*eGFR is not reliable for patients with rapidly changing
creatinine levels, extremes in muscle mass and body size, or
altered diet patterns.

() NKDEP
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Test

Albumin

Alkaline

phosphatase

Aluminum

Ammonia levels

Ref. Range
3.5-5.0 g/dL
S| Units:
35-50 g/L

30-85 IU/L
S| Units:
42-128 UL

<7 ugiL

15-110 pg/dL
SI Units:
47-65 pmol/L
100-700 pg/mL
S| Units:
74-517 pmol/L

CKD Range

WNL for the laboratory
or ideal >4.0 g/dL

WNL

<21 pg/L >60 perform
DFO test

WNL

WNL

Significance of Abnormal

High: severe dehydration; albumin infusion
Low: fluid overload; chronic liver/pancreatic disease; steatorrhea;

nephrotic syndrome; protein-energy malnutrition; inflammatory Gl
disease, infection

High: renal bone mineral disorder; healing of fractures; malignancies
Low: congenital hypophosphatemia; possibly in kwashiorkor; general
debility; anemia; nephrotic syndrome

High: ingestion of aluminum-containing medications; other potential
sources: parenteral fluids; injections; dialysate

High: primary hepatocellular disease; Reye’s syndrome; portal HTN; Gl
bleeding/obstruction with mild liver disease

High: leukemia; polycythemia vera, severe liver dysfunction

Low: pernicious anemia; atrophic gastritis; gastric surgeries; malab-
sorption syndrome; inflammatory bowel disease; Zollinger-Ellison syn-
drome; achlorhydria, pregnancy; vitamin C or folic acid deficiency




Test Ref. Range CKD Range Significance of Abnormal

Blood urea 10-20 ma/dL 60-80 mg/dL (anuric, High: with excessive protein intake; Gl bleeding; dehydration; HF (a ¢
nitrogen (BUN) S| Units: well dialyzed and eating  in cardiac output causes + GFR); hypercatabolism; transplant rejection;
adequate protein) Inadequate dialysis

3.6-7.1 mmol/L
Low: hepatic failure; overhydration; acute low protein intake; malab-

sorption; T secretion of anabolic hormones

Serum calcium* 9.0-10.5 mag/dL WNL (low end) High: excess vitamin D/calcium; osteolytic disease; excess vitamin A,
9 g y

*May be adjusted Sl Units: malignant bone diseases; immobilization; dehydration

for low albumin, 2.95-9 75 mmollL Low: insufficient vitamin D; during growth periods; malabsorption;

but value is postparathyroidectomy

questionable

Ceruloplasmin 23-43 mg/dL WNL High: acute inflammatory response; biliary cirrhosis; pregnancy;

(Cp) copper intoxication

Low: nephrotic syndrome; kwashiorkor
Carbon dioxide 23-30 mEg/L WNL >22 mEqg/L High: metabolic alkalosis
(COz) SI Units: Low: metabolic acidosis
23-30 mmol/L




Test Ref. Range CKD Range Significance of Abnormal
Chloride 100-106 mEg/L WNL High: excess dietary salt; dehydration; some forms of meta-
S| Units: bolic acidosis; excessive use of chloride-containing meds; primary
hypoparathyroidism
98-106 mmol/L _ _
Low: diabetic ketoacidosis; hypokalemia; metabolic alkalosis; exces-
sive sweating; starvation; abnormal Gl losses; chronic pyelonephritis;
hemodilution (fluid excess); chloride is affected by the same conditions
as sodium (moves in same direction)
Cholesterol <200 mag/dL WNL High: disorders of lipid metabolism; nephrotic syndrome

Creatinine

C-reactive protein

SI Units:

<5.2 mmol/L
0.5-1.1 mg/dL M
0.6-1.2 mg/dL F
SI Units:

44-97 ymol/L M
53-106 pmol/L F
<0.8 mg/dL

SI Units:

N/A

2-15 mg/dL (based on
muscle mass, GFR and/or
dialysis clearance)

WNL

Low: acute infection: starvation: PEW

High: muscle damage; catabolism; MI; AKI/CKD; inadequate dialysis;
transplant rejection

Low: in chronic dialysis <10 may indicate PEW/wasting of lean body
mass

High: inflammatory conditions such as arthritis, IBD, lupus; tissue
infarction or damage such as acute MI; transplant rejection; soft tissue
trauma; bacterial infection; post-operative wound infection; UTI




Test

Ferritin

Folic acid

Glucose (fasting)

Ref. Range CKD Range
12-300 ng/mL M HD >200 ng/mL
10-150 ng/mLF PD/CKD >100 ng/mL
SI Units: >500 ng/mL unknown
12-300 pg/L M benefit/harm

10-1 50 pg/L F

5-20 pg/mL WNL

SI Units:

14-34 mmol/L

70-105 mag/dL WNL

SI Units: <200 mg/dL nonfasting

3.9-5.8 mmol/L

Peak post prandial capil-
lary glucose <180 mg/dL
(<10 mmol/L)

Significance of Abnormal

High: iron overload; transfusions; dehydration; inflammatory state;
falsely elevated in active liver disease

Low: iron deficiency

High: pernicious anemia

Low: folic acid deficiency; hemolytic anemia; malnutrition; malabsorp-
tion; malignancy; liver disease; alcoholism

High: DM, chronic hepatic disease; hyperthyroidism; malignancy;
burns or other sources of metabolic stress; pancreatic insufficiency;
some medications such as steroids

Low: hyperinsulinemia; ETOH abuse; liver failure; pituitary dysfunc-
tion; malnutrition; extreme exercise




Test
Hematocrit

Hemoglobin

HgB A1C
(glycosylated
hemoglobin;
GHb, GHB)

Ref. Range CKD Range Significance of Abnormal

42-52% M <39% High: polycythemia; dehydration

37-47% F Low: anemias; blood loss (endogenous and dialysis); CKD
SI Units:

0.42-0.52 M

0.37-0.47 F

volume fraction

14-18 g/dL M Variable 10-12 g/dL High: dehydration; hemoconcentration

12-16 g/dL F <13 g/dL Low: overhydration-hemodilution; blood loss; CKD
SI Units: FDA <12 g/dL

mmol/L

8.7-11.2M

74-99F

Adult: 4-6% WNL <6% High: newly diagnosed/poorly controlled DM

For patient with diabetes: Low: hemolytic anemia, chronic blood loss, early CKD

<7% is goal*
S| Units:
N/A




Test

Phosphorus

Potassium

Prealbumin/
transthyretin

Protein, total

Ref. Range CKD Range

3.0-4.5 mg/dL WNL
S| Units: 3.5-5.5 mg/dL
0.97-1.45 mmol/L

3.5-5.0 mEg/L WNL
S| Units: 3.5-6.0 mEq/L
3.5-5.0 mmol/L

15-36 mg/dL >30 mg/dL
SI Units:

150-360 mg/L

6.4-8.3 g/dL WNL

SI Units:

64-83 g/l

Significance of Abnormal

High: CKD; renal BMD; excessive intake, inadequate P binder

Low: vitamin D deficiency; inadequate dietary intake;
excess P binders; malabsorption/diarrhea/vomiting, alkalosis;
diabetic ketoacidosis; diuretic therapy; refeeding syndrome;
postparathyroidectomy

High: CKD; tissue destruction; shock, acidosis; dehydration-hemocon-
centration; hyperglycemia; aldosterone antagonistic overuse; diuretics;
excessive oral intake, inadequate dialysis; inappropriate dialysate K*

Low: diuretic therapy; ETOH abuse; diarrhea/vomiting; malabsorption;
correction of diabetic acidosis

High: hemoconcentration
Low: neonate; liver disease; malnutrition; inflammation

High: dehydration; acute/chronic infectious disease; leukemia/multiple
myeloma

Low: malnutrition; malabsorption; cirrhosis; steatorrhea; edema;
nephrotic syndrome




Ky

CKD Range

Variable in re nse to

EPO

1 ,)’ :ir ~: f'
SI Units:

Significance of Abnormal

N activity; reflects early

proauction

High: hemolytic anemia; acute bleed
Low: certain anemia:

B,,, folic acid, Bg) or ¢

High: hemoconcentration; dehydration

Low: anemia; hemorrhage,;




Ref. Range CKD Range Significance of Abnormal

WNL High: chronic iron deficiency; acute hepatitis; pregnancy; alcoholism

Varies with iron stores Low: cirrhosis, malnutrition; collagen or chronic disease/infection/

iNnflammation

High: chronic iron deficiency, acute hepatit

Low: cirrhosis; malnutrition; inflammatory conditions

Transferrin 20%-50% N 20% High: iron overload; pregnancy; acute hepatitis; alcoholism
saturation N AR = tritinant ernllaran Ar 7 2 i dicoacalinfort .
ARt Low: cirrhosis; malnutrition; co iagen or ¢ hronic disease/infection; iror

deficiency

Triglycerides 40-160 ma/dL M \ High: liver disease; gout; pancreatitis; nephrotic syndrome
35-135 mg/dL F <20( Low: malnutrition; malabsorption
Sl Units:

0.45-1.81 mmol/L M

0.40-1.52 mmol/L F
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Any “juice” can treat hypoglycemia, even
those low in potassium

Potassium (mg) in 4 oz.
Bottled or canned juice




Legumes are rich in potassium and
phosphorus; counsel appropriately

Barley

2

Oatmeal 82 90 3}
Oat bran 101 1
Black beans 305 1
3958 1
373 1
.5 (total fiber) 292
365

239

.3 (total fiber) 206

Kidney beans

Pinto beans

Pinto beans, canned
Lentils

Chick peas

(J1_L_L(_r1mmm_\_\_x

Chick peas, canned



Phosphorus content by food group
(organicsources)

Food Group P (mg)
Grains (1 0z.) Whole 85
Refined 33 Whole grains > refined gra?ns
Phytates reduce absorption
Vegetables (1/2 cup) Dark-green 39
Red & orange 25
Beans & peas 119
Starchy 43
Other 21 Protein-rich foods have
Fruit and juices (1/2 cup) 17 / Phosphorus
Milk (1 cup) 247 /
Meat & beans (1 0z.) 63 4
Qils (1 tsp.) 0
Discretionary calories  Added sugars 0
Solid fats 1
() NKDEP

85 Edventon Program Reference: Marcoe et al. J Nutr Educ Behav 2006: 38(6 suppl): $93-5107.
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30 oL Jlas Jlew 8L, (g5l cdls ol jo) (a8 59 5l eolaiul b 655l awlxe : Loy BMI S5l
(b keal/kg/d
5751500 keal JiSTus 1S s AIBW o 5 (65,1 dawlna YL BMI
BMI=20 1 odel s 4 (339 o 2 (651 Al 2050l BMI

0.6-0.8 g/kg 9
oeSon IS 90% Jsla> HBV (o555
52-56% sga>  Slymg S
Silesbe b
3000 mg/d .; oy
2000 mg/d ;| .S PO
800-1000 mg/d L 12 mg/kg/d ,:Sla> JrIw
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3L 9590 (65 ] Alisre

BMI=30.2
IBW=22.5%1.5%1.5=50.62

AIBW= 50.62+[0.25%(68-50.62)]=55
BMR=55%24*0.95= 1254 kcal
PA=30%*1254=376 kcal

TEF=10%1254=125 kcal
TEE=1254+376+125=1755

(Conl olgmds 33 p) 0 o5 (5 JBLS 263 o4 Gl Ldo 4
1755-263=1492 kcal
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Max Pr: 0.8*55=44 gr HBV=22 gr
(44*4)/1492=11.8% pr

Fat: 33% (33%*1492)/9=54 gr
CHO: 55.2% (55.2%*1492)/4=206 gr

Na<2000 mg, K<3000 mg, P<1000 mg
s Slasle Cudgaze 4 (g5ks Sl CKD4 g 5,05 0925 pol o>



Serving | Pr-HBV | Pr-LBV
Dairy 1 4 0
Meat 2.5 17.5 0
Veg-Low K 2 0 2 30 40
Veg-Medium K 15 20

Veg- High K 15 20
Fruit-Medium
K 0 30

Fruit-High K : 0 15

Sugar : : 7.5 10 2.5
Grains . : 669 292 292.7

Fat : 344.8 62.7 31.3

Total : : 1224 | 1930.5 (24
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Serving | Pr-HBV | Pr-LBV
Dairy 1 4 0
Meat 2 14
Veg-Low K 0 40
Veg-Medium K 20

\Veg- High K 20
Fruit-Medium
K 30 30

Fruit-High K : 15 15 60
Nuts : : 0.7 , 14 20
Legumes : 10 65 95
Sugar . 7.5 7.5 10 2.5 30
Grains . 114.8 7.6 612 267.8 | 267.8 612
Fat . 0 325 357 65 325 292

Total : 206 S54.7 1166 2053 747 1519
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D el

Sufficiency: >20 ng/mL (50 nmol/L)
Insufficiency: 12-20 ng/mL
Deficiency: <12 ng/mL (30 nmol/L)

Toxicity: >100 ng/mL (>250 nmol/mL)
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(392 wlszs 9l Olie (2l 698
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1.5 mg
1.7 mg
20 mg
10 mg
10 mg
1000 mcg
6 mcg
60 mg
300 mcg
50 mg
25 mg




Nutrient CKD 3-5 Nephrotic
Syndrome

Vitamin C 75-90 mg 30-60 mg 75-90 mg
Vitamin B1 1.1-1.2 mg RDA Unknown

Vitamin B2 1.1-1.3 mg Supplemented Unknown
in protein
restriction

Vitamin B6 1.3-1.7 mg 5mg 5 mg

Vitamin B 12 2.4 ug RDA RDA
Biotin 30 ug 30 ug sSla> Unknown
Folic acid 400 pg 400 pg :Slas Unknown 1 mg 1 mg

Vitamin B3 14-16 mg RDA Unknown RDA RDA

Vitamin B5 5 mg Smg Sle> Unknown RDA RDA

Vitamin A 700-900 RE ~ 700-900 ,sla>  700-900 ,:Slas RDA RDA
RE RE
Vitamin E 225 IU 22510 s> 22.51U pslas 15 1U 225U Sl

Vitamin K 90-120 ug L oleys &yge o Unknown L oleys &g 50 L loys &jgo 50
10 Mg S o 10 Mg Ssse 1 10 MY s
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| TABLE |
Selected Phosphorus Binders

Product Trade Names Dose (mg) per Tablet Elemental Calcium Maximum Dose per Day Comments

Calcium carbonate (Generic, Multiple Multiple doses 40% elemental 1.5 g of elemental calcium/d  Administered with meals as
MNames) calcium binder; on empty stomach as
TUMS 500 mg 200 mg/tab As above (7 tablets) supplement
TUMS EX 750 mg 300 mg/tab As above (5 tablets)
TUMS Ultra 1,000 mg 400 mg/tab As above (3 tablets)
TUMS 500 1,250 mg 500 mg/tab As above (3 tablets)
Os-Cal 500 1,250 mg 500 mg/tab As above (3 tablets)
Os-Cal+D 1,250 mg 500 mg/tab As above (3 tablets) 200 IU of vitamin D/tab
Caltrate 600 mg 240 mg//tab As above (6 tablets)

Calcium acetate PhosLo 667 mg 169 mg of elemental As above (9 tablets) More expensive than

calcium/tab calcium carbonate.

Prescription medication

Magnesium carbonate  MagneBind 200: 200 mg MgCO; with 160 mg/tab Dose limited by serum Mg 85 mg of elemental

with calcium carbonate 400 mg CaCO; levels and diarrhea magnesium/tab. Dialysate
magnesium concentrations
should be adjusted

Magnesium carbonate  MagneBind 300: 300 mg MgCO; with 100 mg/tab Dose limited by serum Mg 85 mg of elemental
with calcium carbonate 250 mg CaCO, levels and diarrhea magnesium/tab. Dialysate

magnesium concentrations
should be adjusted



Selected Phosphorus Binders

Product

Trade Names

Dose (mg) per Tablet Elemental Calcium

Maximum Dose per Day

Comments

Magnesium carbonate
+ calcium acetate

Lanthanum carbonate

Sevelamer carbonate

Sucroferric
oxyhydroxide (PA21)

Ferric citrate (JTT-751)

Osvaren

Fosrenal

Velphoro

Mot yet assigned

435 mg of MgCO; and 60 mg/tab

235 mg of Ca acetate

250-mg and 500-mg
tablets

400-mg and 800-mg
tablets and powder

500 mg

210 mg ferric iron

1,250 mq t.i.d. Higher doses
have not been tested
long-term

Has been tested to 14 g/d in
normal individuals. Dose may
be limited by side effect of Gl
discomfort

Jg/d

2.5 g/d ferric iron

Reduction of calcium

load; Mg may have
anticalcification properties;
not available in the US

Significantly more expensive
than other products.Must be
chewed

Significantly more expensive
than other products

Designed to minimize iron
absorption from this iron-
containing binder

210 mg elemental iron per
tablet as 1 g ferric citrate.
Associated with significant
increase in serum iron
markers
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S s &2,y Regular ¢ NPH

BUN=35 Cr=2
P=4.2 Ca=9.2
K=5.7 FBS=180
HbA1c=9%




3o 0,90 (655 4

BMI=16.3
IBW=20%1.75%1.75=61.25
BMR=61.25*24*1= 1470 kcal
PA=30%* 1470 =441 kcal
TEF=10%* 1470 =147 kcal
TEE= 1470 +441+147=2058
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Pr: 0.8%61.25=49 gr HBV=24.5 gr
(49*4)/2058=13.3% pr

Fat: 34% (34%*2058)/9=55.5 gr
CHO: 52.7% (52.7%*2058)/4=193.5 gr

Na<2000 mg, K<3000 mg, P<1000 mg
Coms Slasle Codgae 4 (65Ls Cuwl CKD3 4 0105 0425 o0l 9>



Serving | Pr-HBV | Pr-LBV | CHO Fat
Dairy 2 8 16
Meat 2 14 0 50
Veg-Low K 0 10 30
Veg-Medium K 10 30

Veg- High K 10 30
Fruit-Medium
K 30 0

Fruit-High K 30 0
Sugar 45 45 60
Grains : 18.5 139.5 744 325
Fat 0 : 555 101 50

Total : 290.5 77.5 1644 2876 921

oﬁfsw’)\).'ég.;a)o 00lw WiB 04,5 Oy ngo Sows 9>
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Serving |Pr-HBV | Pr-LBV | CHO Fat
Dairy 1 4 0 8
Meat 14 0
Veg-Low K 0 10 40
Veg-Medium K 10 40

\Veg- High K 10 40
Fruit-Medium
K 30 30

Fruit-High K 30 30
Nuts : : 0.7 1.6 14
Legumes : 10 0 65
Sugar 45 0 45 60 15
Grains 9 730 319 319
Fat 0 54 594 108 54

Total 290.5 /8 1589 2887 887
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* Daily dosing: Daily administration with goal
elemental iron intake of approximately 200
mg per day in up to three divided doses.

* Alternate-day dosing: Alternate-day
administration with goal elemental iron intake
of approximately 65 mg per day in a single
dose.



Oral iron products

Elemental iron content
(mg iron per mg tablet or
per mL liquid)*

Examples of United States
trade (brand) names

Ferrous fumarate

.5 mg/90 mg

| 150 mg

106 m

Ferrous gluconate

= Liguids
BPro
Sol,
FeroSul 44 mag/5 mL (

60 ma/5 mL (

rousul

Poly-Iron 150

Commonly available products in the United States are shown; other products are available by
iption or over the counter {(eg, iron polymaltose [Maltofer]; ferric maltol [Accrufer]). Enteric-
ed and extended-rele formulations are available for some prod but we generally do not
use of th g e they are poorly absorbed. Refer to UpToDate and to Lexicomp
drug monographs (included with UpToDate) for details of dosing, treatment of iron deficiency anemia,
and management of te iron poisoning.
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Comparing disorders of iron \
IRON PANEL TESTS

Transferrin Total Iron
Serum Iron Saturation Binding Capacity b
Ferritin Percentage (TIBC) Transferrin ~ Hemoglobin

Hemochromatosis NORMAL

Iron Deficiency
Anemia

Sideroblastic
Anemia

Thalassemia

Porphyria

Cutanea Tarda (PCT) NORMAL

Anemia of Chronic
Disease (ACD)

African Siderosis (AS) NORMAL

Slclelclelclsc
G161 clee

Vitamin B12
Deficiency
(pernicious anemia)

G
ORNORMA,
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Kt/V 5 URR :o,ls 052 s, jala ¥ jglate fpoy
So dawg a5 cwl 95 0,9l 5l o, (Urea reduction ratio) URR —

] o S 5 Jge 8 5l g 0gd (oo Cdlopy 5lls Al
URR= (1 - [postdialysis BUN =+ predialysis BUN])
el p 3 dbs lwgs 3JLs 51 L8 BUN 5l 77 e ol URR=0.6 31—
URR & 50 cpl ;0 a5 0,5 oo 18 do,0 Ohga olg o |y URR sl oo
Sl oo sl o 3 Lo lawgs a5 wib o 3 Lo 5l LS BUN 5l sus,s ol p

e e SO 000 50 g 0, 0,5 5ol Slllae yo i URR —
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Kt/V 3 dbogen coleS o),

2l b ands Jgb 3 K=300 mL/min 3y s sk
Kt=300x180=54,000 mL=54 Liters ...:L 180 min

09.3 A.Qb}

Ol o 3k 8ekS 700 Ly S o S
D9 sl V=60%x70=42 Liters

se slss Kt/V=54:42=13 .,
el 3L oS samaslis Kt/V21.2
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3bogen ol less o L_;.’.‘;\i 5

30 Wl Plas jlew 8L, 655 cdls cpl j0) Sas 59 5l eolainl L (65,5 dacwle Ly BMI
(b keal/kg/d

o1 51500 keal zSlas> S 4 BMI=27 5l solawl L AIBW covs 5 (55,50 anlore YL BMI

BMI=20 ;I sowl Cows 45 (59 e 5 (65,50 dulono 200y BMI

1.2 g/kg

30-35%

650 eiledly

40 mg/kg/d ;

ol 2 S s l5l 4 2000 mg + 1000 mg
17 mg/kg/d ,:Sla>

1000 CC + (g &lpiiasl ¢ Jlgusl) 1 yano Lo 51 61+ 0] poer
(hso Rl 595 50 yid (o 00 Sluyle C8L )0 b az )0 <10 2 il )

S5
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Table 1. Published Data Supporting Arguments for and Against Eating During Treatment

Evidence Supporting Eating

Evidence Against Eating

Reduced mortality
¢ Reduced mortality in retrospective, observational studies in
Hef.'lﬁ.'lﬁ

Improved nutritional status

¢ Biochemical improvements in biochemical measures such as
albumin and prealbumin.”""

 Nutritional reserve prevents acute catabolism associated with HD
treatment.'®'* Increased fat and lean mass. '

o Dietary intake reduced in patients who do not eat during treat-
ment.” Increased when providing meals.”

Patient adherence and satisfaction
o Improved QOL observed in Ref.”

Provide more appropriate food choices
o Observed in FrEDI trial.”

Reduced inflammation

o Reductions in proinflammatory cytokines observed in Ref.”*

Other

e Improved blood glucose and educational opportunities cited
reason for supporting in-center nutrition by dietitians. '’

Postprandial hypotension

e Increased hypotension observed in Ref.
o Decreased postprandial BP observed in Ref.”***
« Correlation between BP and eating in Ref.”’

22,23

Reduction in treatment efficiency
» Reduced Kt/V and URR observed in Ref.***® and a

transient reduction by UV absorbance in Ref.”

Gastrointestinal symptoms
o ONS trials reported dropouts due to Gl symptoms
» Observed by clinicians.™

Aspiration

o Cited in a small number of lawsuits as discussed by Ref.”’

Increased staff burden
o Spills and pests not frequently observed by clinicians.®

Food safety
» Infections not frequently observed by clinicians.'®

BP, blood pressure; FrEDI, Fosrenol for Enhancing Dietary Protein Intake in Hypoalbuminemic Dialysis Patients; Gl, gastrointestinal; HD,

hemodialysis; ONS, oral nutrition supplement; QOL, quality of life; URR, urea reduction ratio; UV, ultraviolet.



Table 2. Practical Guidelines for Eating During Treatment

Practical Guidelines for Eating During Treatment

Provision of meals during hemodialysis treatment should be the default practice and standard-of-care in all dialysis centers.
¢ Hemodialysis patients should consider eating during treatment if they
o are hemodynamically stable
0 have no contraindiction for eating during hemodialysis (see in the following)
Patient characteristics
o Patients should consider eating outside of treatment if they
© have low blood pressure during treatment
o frequently coughing or risk of choking
0 undergoing current bout of diarrhea that can be aggravated by eating
o prone to stomach pain, indigestion, nausea, or vomiting during treatment
0 diagnosed autonomic dysfunction that may be precipitated by eating
Position
e Patients should be encouraged to eat in an upright position
Food characteristics
¢ Risk of hypotension may be greater with
O larger meals
o high amounts of simple carbohydrates
o hot as opposed to cold food
o lack of caffeinated items such as coffee
e Patients should be encouraged to choose foods
o highin protein and low in phosphorus (phosphorus to protein ration <15 mg/q)
fit within the renal diet
do not increase choking risk
do not increase thirst
do not need to be stored, chilled, or prepared in-center
can be eaten with 1 hand
will not make a mess
0 do not have a strong odor
¢ Patients should be prepared to take phosphorus binder with food
¢ Patients should strive to avoid large variations in intake from treatment to treatment

o o 0 o O 0
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BUN=80 Cr=9
P=4.5 Ca=9.7
K=5.0
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BMI=30.2
IBW= 27*1.5%1.5=60.75
AIBW= 60.75+[0.25*(68-60.75)]=62.5
BMR=62.5*24*0.95= 1425 kcal
PA=30%*1425=427 kcal
TEF=10%*1425=142 kcal
TEE=1425+427+142=1994

peSee o5 6B LS ¥V oe 3l Lo 4
1994-440=1554 kcal
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Pr: 1.2*%62.5=75 gr
(75*4)/1554=19.3% pr

Fat: 33% (33%*1554)/9=57 gr
KW FIRVESIR R e EJC RN Sl g
CHO: 47.7% (47.7%*1554)/4=185 gr

Na: 1000 + (2000*0.5)=2000 mg
K: 40*59=2360 mg
P:17*59=1003 mg

Water: 500 + 1000=1500 cc
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Serving | Pr-HBV | Pr-LBV | CHO
Dairy 1 8
Veg-Low K 2 10
Veg-Medium K 1 5

\Veg- High K 1 5
Fruit-Medium
K 30

Fruit-High K : : 7.5

Nuts 0
Legumes 20
Sugar 0

Grains . : 6.6 532
Meat 0 25.4 159
Fat 0 20 219 40

Total 185.279 57 1050 2428 1024
SolS sl Sogyw g polie b Jg ol ol 3l asile I 09,5 o5 5
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L-carnitine L.S&
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BMI=17.7
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BMR=56.44*24*1= 1354 kcal
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Pr: 1.2*56.44=67.7 gr HBV=33.6 gr
(67.7*%4)/1760=15.3% pr
Fat: 33% (33%*1760)/9=64.5 gr

Al YO sgus oy duo o ol g
CHO: 51.7% (51.7%%1760)/4=227 gr

Na: 1000 + (2000*0.5)=2000 mg
K: 40*56.44=2260 mg
P:17*%56.44=960 mg

Water: 500 + 1000=1500 cc



Dairy
Veg-Low K
Veg-Medium K

Veg- High K
Fruit-Medium
K

Fruit-High K
Sugar
Grains

Meat

Fat

Total

Serving

1

2

1
0.5

2
0.5
1
10
5.5

5.5

Pr-HBV | Pr-LBV | CHO Fat Na
0 8 80
2 10 30
1 3) 15
0.5 2.5 7.5

1 30 0
7.5 0
15 15
796
140
300 o4

1383 2026

oﬁfsw’)\).'ég.;a)o 00lw WiB 04,5 Oy ngo Sows 9>




Serving | Pr-HBV | Pr-LBV | CHO
Dairy 1 0 8
Veg-Low K 2 2 10
Veg-Medium K 1 1 5

Veg- High K 0.5 0.5 2.5
Fruit-Medium
K 2 1 30

Fruit-High K 0.5 7.5
Nuts : . 0.7

Legumes 20 0
Sugar 15 0 15
Grains : 8.5 685
Meat : 19 118
Fat 30 335 61 30

Total : 64.5 1286 2264 1004
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FAbogen Glhlews ;o pigp <8l o 4w ) )

oL a5 protein catabolic rate (PCR) a3l 5l jelaie 'pou ®
protein equivalent of nitrogen appearance I X
odis s &g PCR Ygass 058 oo oolitul wewl (PNA)

(NPCR) 295 (oo (ke (335 2

nPCR=0.22+[(0.036 x interdialytic rise in BUNx24)-interdialytic interval (hours)]

asl ils8l 50 mg/dl Jbs ad> g0 o BUN Jlade 51 Jles @
Celw 44 s ads 4,0 U pdbs L3 adds> LU 5wl
ol o NPCR=1.2 g/kg/d Wil CidS
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nPCR=[(Urinary urea nitrogen (g)x150)-interdialytic interval (hours)x weight (kg)]
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pglie gl SBlao s -1
Continuous Ambulatory Peritoneal Dialysis (CAPD)

poloe 00,5 Slaw plbo -2
Continuous Cycling Peritoneal Dialysis (CCPD)

Nocturnal Intermittent Peritoneal Dialysis (NIPD)

53 CCPD g, g0 &> ,0 el (Manual Procedure) s g, o CAPD g,

g a5 aiib o (Automated Procedures) sbegs! gle—ig, < 5—> NIPD
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S Jbo Glhlas jo glae 3,

30 &b PBls jlew 8L, 655 cls cpl j0) Sas 59 5 eolatwl b 65, awlxe 1 Ly BMI
(o0 keal/kg/d

o1 51500 keal zSlas> S 4 BMI=27 5l solaul L AIBW covs 5 (55,5 anlore YL BMI

BMI=20 ;I sowl Caws 4 (59 e 5 (65,50 dulono 200y BMI

1.2 g/kg/d ubs lew slp 91-1.2 g/kg/d obo,é bao iy

s54130% »;

&5 53% 51 5V

(o99xel3) 3000-4000 mg

S5 1.5% Jol=o sl :1000-2000 mg

Sol52.5% Jol=o sl :2000-3000 mg

SolS4.25% Jol=o sl :3000-4000 mg

Ngds oo ,yol md G o I3l 42000 MG aslsl 4 YU polae o4ls 55 0l 0,8 S
5L 2000 Mg 5l S 5l s peaws JS 0

17 mg/kg/d ,:Sla>

S5 1.5% Jglxe sl 1 liter

S5 2.5% Jglo sl :1.5 liter

S5 4.25% sl g1, :2-2.5 liter

Dgds oo a8l YL polde ay lol g o jls 55 ol 5,8 5]
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BUN=88 Cr=9
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5o 0,90 (655 sluons

BMI=30.2
IBW=27*1.5%1.5=60.75

AIBW= 60.75+[0.25%(68-60.75)]=62.5
BMR=62.5%24*0.95= 1425 kcal
PA=30%*1425=427 kcal
TEF=10%*1425=142 kcal
TEE=1425+427+142=1994

p.u.i.w pf 400 kcal oo docus o L§))"‘ )‘ °
1994-400=1594 kcal
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Pr:1.2*%62.5=75 gr (75*4)/1594=18.8% pr
Fat: 23% (23%%*1594)/9=40.7 gr
AW PRSI SVON ST N WS NG N
CHO: 58% (58%%1594)/4=232 gr
Lb ahas e S6l8) Slao lbs glo Jolxo 51 8L 50 5615 4l
(55 drlona
(4L*1 36%)+(4L*2 27%)—(4*13 6)+(4*22 7)=145
Js\» oy ).cY S| Sg o M;JL» )o 69 L5|J; o> JSL» Col L5L>
3,8 cpl yo S l5 Gl ol )18 Jlaiae Wb 1) i
80%*145=116 gr
5 pSn w25y 5l &S Slhawee S o11e=232-116=116 gr CHO
29 30-50% Jglo ;S oIS Cdm 0,5 oolawl CCPD g, 5l e S
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Serving | Pr-HBV | Pr-LBV | CHO
Dairy 1 4 0 8
\egetables 2 0 2 10
Fruits . 0.75 22.5
Grains 10 75
Meat 0

Fat . 0

Total 74.75 115.5

Fat

5
0
0
5
22.7

40.7
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ks 9,90 (6500
Dry Weight: 65-(2*3)=59
\IEPE

BMR=59%24%*0.95= 1345 kcal
PA=30%*1345=403 kcal

TEF=10%*1345=134 kcal
TEE=1345+403+134=1882
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Pr: 1.2*%59=70.8 gr (70.8*%4)/1882=15% pr

Fat: 27% (27%*1882)/9=56.5 gr
Al o o Ve 5l eSS oy duo o Sl
CHO: 58% (58%*1882)/4=273 gr

$lhoee il ;S48) (Blao 5bs glo Jolowo 51 (8L 50 55615 5
(55 dpwloee Wiy

(4L*1.36%)+(4L*2.27%)=(4*13.6)+(4*22.7)=145

&y el 60-80% S35 Li> e g Cewl CAPD cov oo

30 S olf Gdx e el sdds fpes 80% SIS Las 0,8 oy

32 !
70%*145=101.5 gr
3 S w25y 1 &S Slhauee S 10=273-101=172 gr CHO



Serving | Pr-HBV | Pr-LBV

Dairy 1.5 6 0

Vegetables 3 0 2
Fruits 2.5 0
Grains 6.5 0
Meat 6 43

Fat 3 0

Total
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SS9y p ydiw

3.5 8r/d Vb ()susisn) oefisn oo Jold edle 5l (sl degerme
5 JoredS 65 5 JoydS o Soli8l (s5 slo Doy mhaw SalS
Sl (pol) )98
J..A.:Lod_,.lngl.m Jgfoglfcuod.u) w.o‘ LSLQ Lg) 3 od..o.cJ.l.c
— Minimal Change Disease
— Membranous Glomerulonephritis
— Focal and segmental glomerulosclerosis (FSGS)
— Glomerulonephritis
— Mesangiocapillary glomerulonephritis
— Cancer
— Systemic Lupus Erythematosus (SLE)
— Multiple Myeloma
— Amyloidosis
— Genetic disorders

., — Infections (such as strep throat, hepatitis, or mononucleosis)
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angiotensin receptor blockers (ARBs)
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24 )0l 30 d9zge cnfign @35 (oS lote 4 LS
51 olal diged SO iy DByl ol Ll ol o asels
souiw UrINe DIPStiCK 51 oolawl L g 25 jokay 0l
gl (o0 pd pj O)go 4 @l Sl (pl jo a5 99d (oo
20 mg/dL > : Trace

30 mg/dL : +1

100 mg/dL : +2

300 mg/dL : +3
2000 mg/dL< : +4
VE Lol a5l Lo g o 3280 Mol polie ol wim o @
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Lb ol sago rise creatinine 31 oy, p,0iw jlos 0 °
Ol g 09 as S Ly o 0.8 gr/kg Joles psSgp
D9 pelaid Wb Sl cpl jo 50 2lde ) el g 08
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dgmil g 009 cubo Slg,d 4 M 0,8 pl el 00,8
Dl (oo Bpaos Y5, g NPH

BUN=43 Cr=2.2
P=4.5 Ca=10.0
Alb= 3.5 K=4.8

Pr in 24-h urine sample=3500 mg/d
Apled (Fhb 108 cpl Slae o5, ¢
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3L 9590 (65 ] Alisre

BMI=27.5
IBW=23*1.65*1.65=62.6
AIBW= 62.6+[0.25%(75-62.6)]=65.7
TEE=2050
0iSe o5 GBS Ve e og Gl o &
2050-300=1750 kcal
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Pr: (0.8%65.7)+3.5=56 gr HBV=28 gr
(56*4)/1750=13% pr

Fat: 34% (34%*1750)/9=66 gr
CHO: 53% (53%*1750)/4=233 gr
Na<3000 mg,

K<3000 mg,

P<1000 mg

s Slasle Cudgaze 4 (g5l awl CKD4 g 5,05 544 00l o>



Serving |Pr-HBV | Pr-LBV | CHO Fat

Dairy 2 8 0 16 10
Meat 2 14 0 0
Veg-Low K 0 10
Veg-Medium K 5

\Veg- High K 5
Fruit-Medium
K 30

Fruit-High K 30
Nuts , : 2.1 4.8
Legumes 20 0
Sugar 0 0 0 0 0
Grains : 114.5 7.6 611 267.5 | 267.5 611

Fat 0 35.5 392.5 71 35.5 321
Total 233 66 1273 21724 965 1772
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