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Fosfat

sérova hladina 0,8-1,44 mmol/l ( 2,5-4,5mg/dl)

diurnalni variace o 0,2-0,3mmol/l

LI 40 4V 4

— nejvyssi v léte

80-85% ve skeletu, cca 20% v kosternim svalu

v séru 0,02% celotélovych zasob
— 15% bilkoviny, 53% volny, ionizovany, 47% slouceniny Ca a Mg
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Vyznam fosfatu

slozka kostni hmoty
nukleove kyseliny, RNA, DNA
prenos energie — makroergni fosfaty

naraznikovy systém acidobazickeé rovnovahy
— kosti

— ledviny

— serum

aktivace a deaktivace enzymu fosforylaci a defosforylaci

prenos kysliku (2,3 difosfoglycerat)



Intracelularni fosfat

Fosfat je prevazne intracelularni iont
koncentrace v bunice cca 100mmol/l
v bunkach vazan na proteiny, lipidy nebo komplexy

Kinazy a fosfatazy
— pfipojeni fosfatu k riznym molekulam
— nitrobunecna regulace

vstup do bunek facilitovanym transportem



Fosfatove transportery

» kotransport se sodikem

e typl
— proximalni a dist. tubulus, jatra, mozek
— ucast na konduktanci CI-, role nejasna

e typ2
— transepitelialni transport
— absorpce P z lumen stfeva a z ledvinnych kanalku

— 2a- hlavni prostfedek fosfatové homeostazy v ledvinach
apikalni membrana bunék prox. tubulu
pfisné regulovan parathormonem, dopaminem, P v dieté

— 2b - v tenkém stfevu, aktivace nedostatkem P v dieté
— 2c - jen S1 segment proximalniho tubulu, PTH, dieta

e typ3
— na vSech bunkach
— regulace transportu fosfatu v ledvinach, stievé
— mineralizace kosti



Proposed mechanism of phosphate transport.
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BP Pedersen et al. Nature 000, 1-4 (2013) doi:10.1038/nature12042
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The proposed proton exit pathway.
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Topological model for human PiT-2.
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Phylogenetic tree of SLC34 and SLC20 cotransporter families.
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Extracelularni fosfat

normalni hladina = 0,81 — 1,45 mmol/I

lonizacni konstanta pK = 6,8
H,PO, : HPO,>=4:1

Zavislost hladiny fosfatu na
— veéku (Tu déti)

— denni dobe

— rocCni dobé

— prijmu fosfatu

— pH

— hormonalnim prostredi

e

ralrair o s
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Normalni hodnoty

muzi zeny

Sérum:

< 30 dnd 1,25 - 2,25 mmol/ 1,40 - 2,50 mmol/I
1-12 mésicu 1,15 - 2,15 mmol/ 1,20 - 2,10 mmol/I
1 - 3 roky 1,00 - 1,95 mmol/ 1,10 - 1,95 mmol/l
4 -6 let 1,05-1,80 mmol/ 1,05-1,80 mmol/I
7 -9 let 0,95-1,75 mmol/ 1,00 - 1,80 mmol/I
10-12 let 1,05 - 1,85 mmol/ 1,05-1,70 mmol/I
13- 15 let 0,95 - 1,65 mmol/ 0,90 - 1,55 mmol/l
16 - 18 let 0,85 - 1,60 mmol/ 0,80 - 1,55 mmol/l
> 19 let 0,81 -1,45 mmol/l 0,81 -1,45 mmol/l

Moc: (sbér za 24 hod) 12,9 - 42,0 mmol/d 12,9 - 42,0 mmol/d



Regulace fosfatu

* Absorpce ve streve
— 70% absorbovano

— sodiko-fosfatovy kotransport + paracelularni
absorpce

— 1 vit. D, fosfatem chuda dieta
— blokada absorpce: antacida (Al, Mg)



Phosphorus balance

Total adult body stores 700 g, 85% in:

Resorption Resorption
(300 mg day ") (300 mg day™")

Absorption Blood <1%
(950 mg day ™)
>
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(400 mg day™)

Kidney International (2008) 74, 148-157



Phosphorus balance

1200 mg day "

40 mmol/d

30 mmol/d

Absorption
(950 mg day ™)

23 mol
Total adult body stores 700 g, 85% in:

10 mmol/d

Resorption
(300 mg day ")

Blood <1%
'

Resorption
(300 mg day™")

Phosphorus

Secretion
(150 mg day™")
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Kidney International (2008) 74, 148-157



Renal Regulation of Phosphate

Glomerular

| | TALH MCD

Excretion

Henle’s loop
7-13%



VyluCovani fosfatu ledvinou

Na - fosfatovy kotransport

Cellular model of proximal tubule Pl-reabsorption

Lumen Blood

Parathyroid hormone
dietary P, content

FACTORS REGULATING RENAL PROXIMAL TUBULAR
PHOSPHATE REABSORPTION

Decreased transport Increased transport

High phosphate diet Low phosphate diet

Parathyroid hormone and parathyroid- Growth hormone
hormone—related protein Insulin

Chronic metabolic acidosis = 1,25-dihydroxy-vitamin Dy

Acute respiratory acidosis Chronic metabolic alkalosis

Aging High calcium diet
Calcitonin High potassium diet
Atrial natriuretic peptide Stanniocalcin
Fasting

Hypokalemia

Hypercalcemia
Diuretics
Phasphatonin

Fibroblast growth factor 23 (FGF23)



Poruchy fosfatoveho
hospodarstvi



Poruchy fosfatemie u kriticky
nemocnych

Journal of Critical Care (2013) 28, 536.¢9-536.¢19



Hypofosfatemie
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Klinicky obraz



Klinicky obraz

parestezie, krece

svalova slabost v€. dychacich svalu (respiracni insuficience) az
rhabdomyolyza

snizena kontraktilita myokardu, srdecCni selhani
arytmie (KES, SVT, VT)

alterace vedomi, zmatenost, koma, polyneuropatie, pontinni
myelinolyza

trombocytopenie, poruchy koagulace, funkce leukocytt, hemolyza,
zhorSené uvolnovani kysliku

Inzulinova rezistence



Zhorsené uvolinovani kysliku
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Incidence, prevalence



Author [ref.] Year Population/disease Number of patients Definition of hypophosphatemia Prevalence Incidence
Surgical 1ICU patients
Goldstein et al [15] 1985 Thoradic surgery 34 <080 mmaol/L 568
Cardiac surgery 40 <080 mmaol/L 503
Zazzo et al [14] 1995 Surgical 1CU 208 <080 mmaol/L 288%
=050 mmol/L 17.3%
=020 mmol/L 24%
Buell er al [26] 1908  Hepatic surgery 35 <080 mmaol/L 679%
Cohen e al [12] 2004 Cardiac surgery 566 <048 mmaol/L 34.3%
Salem et all [17] 2005  Hepatic surgery 20 <070 mmaol/L 100%
Medical ICU patients
Daily et al [18] 1990 Trauma patients 12 <0820 mmol/L 759
<050 mmol/L 56%
Kruse ef al. [27] 1992 General ICU patients 418 <080 mmal/L 289
Marik et al. [28] 1995  Refeeding after =48 h starvation 62 <065 mmal/L 349
<032 mmol/L 6%
Berger et al [19] 1997 Burm injuries 16 <080 mmaol/L 100%
<030 mmol/L 50%
Barak e al [7] 1998 Sepsis oo <080 mmaol/L 8004
Infection without sepsis 32 <080 mmaol/L £5%
Sepsis, negative blood culture 37 <080 mmaol/L BO%
Sepsis, postive blood culure 30 <080 mmaol/L B0%
Polderman et al [21] 2000 Head trauma 18 <060 mmaol/L 61%
Milionis er al [29] 2002 Severe heart failure 86 <077 mmaol/L 13%
Dominguez-Roldan 2005 Brain-dead patients 50 <020 mmaol/L - 72%

el al [3'::']

Geerse et al. Critical Care 2010, 14:R147



Priciny hypofosfatemie
u kriticky nemocnych?



Prevalence of Hypophosphatemia in Sepsis and
Infection: The Role of Cytokines

Vivian Barak, MD, Audrey Schwartz, MD, Inna Kalickman, MD, Benjamin Nisman, MD,
Gaby Gurman, MD, Yehuda Shoenfeld, MD

% pacientu s hypofosfatemii fosfatemie

NBC=Negative Blood Culture
PBC=Positive Blood Culture

% of patients with P<2.5 mg/dl

P concentration (mg/dl)

Healthy Infection NBC PBC

SEPSIS
Sepsis

80 % pacientll se sepsi ma hypofosfatemii.
Soucasny vyskyt vysokych hladin cytokinu (TNFa, IL-6, sIL, IL-6R)
Podani cytokin na mySim modelu — hypofosfatemie.

THE AMERICAN JOURNAL OF MEDICINE®  Volume 104 41



Severe Hypophosphatemia in Sepsis as a Mortality Predictor
Renana Shor,! Aaron Halabe,! Sofia Rishver,! Yulian Tilis,! Zipora Matas,? Asora Fux,? Mona Boaz,?
and Julio Weinstein *

Retrospektivni analyza 6190 septickych pac. — n= 55, z toho 26 s téZkou hypofosfatemii.

Pi< 0,32 mmol/l Pi> 0,32 mmol/l
Paramerter All patients Group 12 Group 2P p
n=>55 n=206 n =29
Number of patients who died 31 21 10 0.001

% of patients who died 56.4%

OR =7,98 (95% CI=2,3 - 27,6)

Pacienti se sepsi a hypofosfatemii méli 8x vétsi riziko umrti.

Annals of Clinical ¢r Laboratory Science, vol. 36, no. 1, 2006



Hypophosphataemia in acute pancreatitis

D. B. SACKS, M. C. BERMAN

n=78 )
pfi prijeti: normofosfatemie : i soee

den 1-4: hypofosfatemie 60% : b E o —".-:.—'-1 - - =
pacienti s hypofosfatemii: B |

89% abusus alkoholu T Pl
normofosfatemicti pacienti: s .

90% abusus alkoholu

Fig. 1. Serum phosphorus levels in 78 patients with acute
pancreatitis were measured 1-5 days after admission to hospital.
The reterence range, indicated by the arrow, is 0,8 - 1,4 mmol/l.

S Afr Med J 1985; 68: 87-S0.



Refeeding syndrome



Hladoveéni

* Deplece glykogenu

* Glukoneogeneze (aminokyseliny — alanin)
* Ketogeneze

* | inzulin, 1 glukagon

— ztrata tuku a proteinu, telesné hmoty
— ztraty drasliku, fosfatu, horciku



Refeeding syndrome

rychly privod zivin (cukry) — sekrece inzulinu

vstup mineralu do bunék
— hypokalemie

— hypofosfatemie

— hypomagnesemie

vysoka potfeba kofaktoru (thiamin)
— Wernickeova encefalopatie

— kardiomyopatie

— laktatova acidosa

retence vody a sodiku

— otoky
— srdecni selhani



Hypokalaemia Starvation / Mainutrition
Hypomagnesaemia \

Hypophosphataemia I
Thiamine deficiency oteing ca
Salt and water

retention - oedema \

Protein, fat, mineral, electrolyte
: and vitamin depletion — salt and
Refeeding water intolerance
- syndrome
gﬁ’\.
'. - (.: \:
FES7 N T Glucose uptake Refeeding (switch to anabolism)

T Utilization of thiamine
T Uptake of K*, Mg?* & PO, /

Fluid, salt, nutrients
(CHO maijor energy source)

European Journal of Clinical Nutrition (2008) 62, 687-694



Incidence
19-28%

Onkologie 25%
Geriatrie 14%
Anorexia nervosa 28%
Strevni pistéle 10%

Enteralni vyziva 37,5%, parenteralni 18,5%
60% manifestace do 3 dnu od zahajeni vyzivy



Unintentional weight loss
Loss of >5% of body weight in T month
Loss of >7.5% of body weight in 3 months
Loss of >10% of body weight in 6 months

Low nutrient intake
Patients starved for >7 days
Prolonged hypocaloric feeding or fasting
Chronic swallowing problems and other neurological disorders
Anorexia nervosa
Chronic alcoholism
Depression in the elderly
Patients with cancer
Chronic infectious diseases (AIDS, tuberculosis)
During convalescence from catabolic illness
Postoperative patients
Diabetic hyperosmolar states
Morbid obesity with profound weight loss
Homelessness, social deprivation
Idiosyncratic/eccentric diets
Hunger strikers

Increased nutrient losses/decreased nutrient absorption
Significant vomiting and/or diarrhoea
Dysfunction or inflammation of the gastrointestinal tract
Chronic pancreatitis
Chronic antacid users (these bind minerals)
Chronic high-dose diuretic users
After bariatric surgery

European Journal of Clinical Nutrition (2008) 62, 687-694



Doporuceni pro lecbu

Prevence

Pomyslet na mozny rozvoj
Rozpoznat rizikove pacienty
Postupne se zvysujici davka vyzivy

Masivni suplementace mineralu a vitaminu



Doporuceni pro lecbu

Day Calorie intake (All feeding routes) Supplements
10 kcal/kg/day Prophylactic supplement
For extreme cases — PO,*": 0.5-0.8 mmol/kg/day
(BMI < 14 kg/m* or no food >15 days) —> K": 1-3 mmol/kg/day
Day 1 5 kcal/kg/day — Mg™": 0.3-0.4 mmmol/kg/day
Carbohydrate: 50—60% Na': <1 mmol/kg/day (restricted)
Fat: 30-40% IV fluids-Restricted, maintain “zero” balance
Protein: 15-20% —— [V Thiamine + vitamin B complex 30 minutes prior to feeding
Increase by 5 kcal/kg/day Check all biochemistry and correct any abnormality
Day 24 If low or no tolerance stop or keep Thiamine + vitamin B complex orally or IV till day 3
minimal feeding regime Monitoring as required (Table 3)
Check electrolytes, renal and liver functions and minerals
Day 5-7 20-30 kecal/kg/day Fluid: maintain zero balance
Consider iron supplement from day 7
Day 8-10 30kcal/kg/day or increase to full requirement Monitor as required (Table 3)

Gastroenterology Research and Practice
Volume 2011, Article ID 410971, 6 pages



Hypophosphatemia in critically ill patients

Satoshi Suzuki MD, PhD?, Moritoki Egi MD, PhD"®, Antoine G. Schneider MD?,
Rinaldo Bellomo MD?'9*, Graeme K. Hart MD?, Colin Hegarty BSc®

* retrospektivni observacni studie

« popsat epidemiologii a souvislosti hypofosfatemie u
velké populace kriticky nemocnych

« n=2730 pac., 10 504 méreni fosfatemie

Journal of Critical Care (2013) 28, 536.¢9-536.¢19



Hypophosphatemia in critically ill patients

Satoshi Suzuki MD, PhD?, Moritoki Egi MD, PhD"®, Antoine G. Schneider MD?,
Rinaldo Bellomo MD?'9*, Graeme K. Hart MD?, Colin Hegarty BSc®

Journal of Critical Care (2013) 28, 536.¢9-536.¢19



Hypophosphatemia in critically ill patients
Satoshi Suzuki MD, PhD?, Moritoki Egi MD, PhD"®, Antoine G. Schneider MD?,
Rinaldo Bellomo MD?'9*, Graeme K. Hart MD?, Colin Hegarty BSc®

50 -
45 - 8 |CU mortality

40 - O Hospital mortality
35 4
30 -
25 1
20 1
15
10 4

Mortality rate, %

- N

06 061-1.0 1.01-1.4 1.41-1.8 18122 2.21-
(58) (442) (990) (681) (287) (272)

Maximum phosphate level category, mmol/L
(Number of patients)

U- tvar krivky zavislosti mortality na fosfatemii.

Journal of Critical Care (2013) 28, 536.¢9-536.¢19



Hypophosphatemia in critically ill patients
Satoshi Suzuki MD, PhD?, Moritoki Egi MD, PhD"®, Antoine G. Schneider MD?,
Rinaldo Bellomo MD?'9*, Graeme K. Hart MD?, Colin Hegarty BSc®

30 4
B |CU mortality
25 O Hospital mortality
= 20
£
£ 054 i
& 2 151
E 0.4+ — Non-Hypophosphatemia g
=3
© 034 ==== Hypophosphatemia % 101
0.2 = -
qP = .04, log-rank test 5 |
0.14
0+ T T T T T T T T T T 1 0
0 5 10 15 20 25 30

-0.2 021-04 0.41-06 061-0.8 0.81-1.0 1.01-1.2 1.21-1.4
(13) (101) (223) (333) (354) (278) (188)

Minimum phosphate level category, mmol/L
(Number of patients)

Time (days)

Signifikantni korelace hypofosfatemie s mortalitou.

Journal of Critical Care (2013) 28, 536.¢9-536.¢19



Hypophosphatemia in critically ill patients
Satoshi Suzuki MD, PhD?, Moritoki Egi MD, PhD"®, Antoine G. Schneider MD?,
Rinaldo Bellomo MD?'9*, Graeme K. Hart MD?, Colin Hegarty BSc®

Adjusted Hospital Mortality Odds Ratio (95% CI)
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Hypofosfatemie neni nezavislym prediktorem mortality.

Journal of Critical Care (2013) 28, 536.¢9-536.¢19



Hypophosphatemia in critically ill patients
Satoshi Suzuki MD, PhD?, Moritoki Egi MD, PhD"®, Antoine G. Schneider MD?,
Rinaldo Bellomo MD?'9*, Graeme K. Hart MD?, Colin Hegarty BSc®

A B ICU mortality O Hospital mortality B B |CU mortality O Hospital mortality
25 25
i t
20 A 20
= £
3 151 g 151 *
Z oy
T 10 & 10
£ 5
= =
5 5
o o Referer-wce“ - 1 - 2 or more
Reference 0 1 2 or more 1153 o i
(1153) (165) (102) (70) (1153) (246] (1)
Days after ICU admission q Duration of hypophosphawmia. days
(Number of patients) (Number of patients)

Doba vzniku hypofosfatemie ani délka jejiho trvani nejsou
nezavislymi prediktory mortality.

Journal of Critical Care (2013) 28, 536.¢9-536.¢19



Hypophosphatemia in critically ill patients

Satoshi Suzuki MD, PhD?, Moritoki Egi MD, PhD"®, Antoine G. Schneider MD?,
Rinaldo Bellomo MD?'9*, Graeme K. Hart MD?, Colin Hegarty BSc®

» retrospektivni observacni studie

» popsat epidemiologii a souvislosti hypofosfatemie u velké populace
kriticky nemocnych

« n=2730 pac., 10 504 méreni fosfatemie a cca 28hod.
« suplementace fosfatu bez protokolu, typicky 10-15 mmol/2-4hod.
* rekurence hypofosfatemie v 10%

* U 8% pac. zachycena hyper — i hypofosfatemie

Limitace retrospektivhim designem i smeési diagnéz

Journal of Critical Care (2013) 28, 536.¢9-536.¢19



J-F. Zazzo
G. Troché

P. Ruel

J. Maintenant

High incidence of hypophosphatemia
in surgical intensive care patients:
efficacy of phosphorus therapy

on myocardial function

Rizikové faktory pro rozvoj hypofosfatemie na chirurgické JIP:

Hypophosphatemia Normophosphatemia P
n = 60 n =66
=) Sepsis (Vo) 33 (55.0) 20 (30.3) <(.001
=) Diuretics (7o) 29 (48.3) 19 (28.8) < 0.05
=) Parenteral nutrition (%) 19 (31.7) 11 (16.7) < 0.05
Cachexia (%) 15 (25.0) 14 (21.2) ns
Alcohol withdrawal (%) 13 (21.7) 15 (22.7) ns
Blood transfusion (%) 9 (15.0) 4 (21.2) s
G.1. wasting (%) 6 (10.0) 2 (3.00 ns
Alkalosis (") 4 (6.7) 2 (3.0) ns
Insulin {%e) 3 (5.0 5 (7.6) ns
Antacid (%) 3 (5.0) 7 (10.6) ns
Diabetes mellitus (%) 2 (3.3 5 (7.6) ns

Incidence hypofosfatemie 28,8%.
Mortalita u hypofosfatemie 30% vs. normofosfatemie 15,2% ( p<0,05).

Intensive Care Med (1995) 21:826—831



J-F. Zazzo
G. Troché

P. Ruel

J. Maintenant

High incidence of hypophosphatemia
in surgical intensive care patients:
efficacy of phosphorus therapy

on myocardial function

Patients no. 1 2 3 4 5 6 7 8 Mean+SEM  p

Phosphatemia (mmol/l} Before 0.33 0.47 0.12 (.26 0.50 0.24 0.27 0.32 0.32+£0.12 <0.01
After 0.83 £.07 2.19 0.95 1.15 1.05 1.53 0.89 1.21£0.45

Calcemia (mmol/1) Before  1.89 1.84 1.92 1.72 1.90 1.77 1.82 2.05 1.86+0.10 ns
After 1.85 1.75 1,89 1.70 1.88 1.75 1.79 1.95 1.82+0.09

Heart rate (b/min} Before 100 o0 113 17 79 115 120 80 102+ 17 ns
After 108 95 111 118 79 112 118 99 105+ 13

MAP (mmHg) Before 77 105 g7 90 73 B3 116 93 91+ 14 ns
After 72 90 83 90 78 89 120 105 91415

MPAP (mmHg) Before 19 7 14 15 10 25 14 7 18+9 ns
After 21 36 12 12 14 26 16 10 18+9

PAWP (mmHg) Before 7 20 4 3 4 11 5 0 T+£6 ns
After 6 19 1 5 6 8 6 1 6+6

CI (I/min-m?) Before  3.43 1.26 3.32  6.35 332 382 7.03 206 3.82:+1.97 <0.01
After 4,17 1.92 4.06 7.12 3.68 4.41 7.34 1.46 4,52+1.83

SI (ml/m?) Before 34.3 14.0 29.4 54.3 42.0 33.2 58.6 25.0 36.4+ 14.8 <0.01
After 38.6 20.2 36.6 60.3 46.6 39.4 62.2 34,9 42.3+£13.8

LVSWI (g-m/m?) Before 34.3 17 34.8 65.9 41.4 35.1 92.9 32.5 4424239 <0.01
After 36.4 20.5 42.8 73.2 47.9 45.5 101.3 51.8 52.4+24.6

SVR (dyne/cm®) Before 525.0 1785.0 640,0 3350 542,53 4975 4108 1125.0 732.5+487.5 ns
After 432.5  950.0 480.0  312.5 525.0 4750 395.0 757.5 54000 £ 210.0

Bezprostfedni hemodynamicky efekt podani fosfatu 0,8mmol/kg IV / 50ml/ 30min.:

1 Cl (+18%), SI, LVSWI.

Intensive Care Med (1995) 21:826—831
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Hypophosphatemia during continuous hemodialysis is associated with
prolonged respiratory failure in patients with acute kidney injury

Sevag Demirjian', Boon Wee Teo?, Jorge A. Guzman®, Robert J. Heyka', Emil P. Paganini’,
William H. Fissell', Jesse D. Schold® and Martin J. Schreiber’

CVVHD parameters
Dialysis dose delivered
(mL/h/kg)
Length of stay pre-CVVHD
(days)
Length of ICU stay pre-CVVI
(days)
CVVHD duration [daLys]

Pri zahajeni CRRT
V pribéhu CRRT

fosfat
< 0,6mmol/l

16 =5

15.2 * 22

D 7.7 + 10.7

Lh
I_,._;

1.8 4

4%
27%

fosfat
> 0,6mmol/l
14 +5 0.009
9116 =132  0.16
6.7 £ 82 0.43
6.7 46 0.0001

Vyskyt hypofosforemie stoupa s davkou kontinualni dialyzy a jejim trvanim.

Nephrol Dial Transplant (2011) 26: 3508-3514



Hypophosphatemia during continuous hemodialysis is associated with
prolonged respiratory failure in patients with acute kidney injury

Sevag Demirjian', Boon Wee Teo?, Jorge A. Guzman®, Robert J. Heyka', Emil P. Paganini’,

William H. Fissell', Jesse D. Schold* and Martin J. Schreiber’

1.0
3 lnsident hypophosphaternia
%
3 0.8 —_— s
fg —== No
=
S 08
8
5
T
S 04 at <
% fosfat < 0,6mmol/l 37%
-
E p< 0,0003
E 02 - pmarm————— -= 18%
P ,
© fosfat > 0,6mmolll
i}

0 2 4 5 8 10 12 14 16 18 20 2 24 28 28
CVVHD treatment day

Hypofosforemie u pac. na kontinalni eliminacni metode je Casta a je spojena
s potfebou dlouhodobé ventilacni podpory.
Mortalita nebyla ovlivnéna.

Nephrol Dial Transplant (2011) 26: 3508-3514
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Phosphate-containing dialysis solution prevents
hypophosphatemia during continuous renal
replacement therapy

M. BroMaN'!, O. Carisson?, H. Friserc!, A. WiesLaNDER? and G. GODALY?

Vyskyt hypofosfatemie
79%

vd
v CVVHDF
v Group 1 bez fosfatu + susbstituce ad hoc
[P Group 2 dialyzacCni r. s fosfatem 1,2mmol/l
e Group 3 dialyzacni i substitucni r. 1,2mmol/Il
i d
Vg 0%

Group 1 Group 2 Group 3

Hypofosfatemie se nevyskytovala pfi pouziti dialyzacniho i substitu¢niho
roztoku obohaceného fosfatem.

Acta Anaesthesiol Scand 2011; 55: 39-45



Stéphan Troyanov Phosphate addition to hemodiafiltration

David Geadah

Marc Ghannoum solutions during continuous
Jean Cardinal
Martine Leblanc renal replacement therapy
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Potassium phosphate added z
=/ to dialysate and replacement ROZtOKy s fosfatem 1,2 mmol/l

Serum phosphate (mmol/L)

solutions

0 H 1 1 1
-1 0 1 2 3 4 5 B

Time (days)

«Zjednoduseni kontroly fosfatemie
*Minimalizace vykyvu hladin fosfatu
*Redukce 1.V. linek

Intensive Care Med (2004) 30:1662-1665



Stéphan Troyanov Phosphate addition to hemodiafiltration

David Geadah

Marc Ghannoum solutions during continuous
Jean Cardinal
Martine Leblanc renal replacement therapy
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Severe acute hypophosphatemia during renal replacement
therapy adversely affects outcome of critically ill patients
with acute kidney injury

Helmut Schiffl - Susanne M. Lang

Retrospektivni analyza prospektivne sbiranych dat
N = 289

Prevalence hypofosfatemie u kriticky nemocnych s AKI
Efekt intermitentni dialyzy na fosfatemi
Efekt suplementace fosfatem (20-40mmol / 1-3 hodiny)

Ovlivhuje fosfatemie kratkodoby a dlouhodoby vysledek?

Int Urol Nephrol (2013) 45:191-197



Severe acute hypophosphatemia during renal replacement
therapy adversely affects outcome of critically ill patients

with acute kidney injury
Helmut Schiffl - Susanne M. Lang
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Number of dialysis sessions

=@-non-supplemented supplemented

35 1

30 1

25

35%

7 | | I
| fosfat< 0,3mmol/l
] v 50%
N ' 4 5 6 7 8

Number of dialysis sessions

supplemented M non-supplemented

Skupina bez suplementace fosfatem — rychly pokles do hypofosfatemie
Suplementovana skupina bez poklesu hladin fosfatu.

Int Urol Nephrol (2013) 45:191-197



Severe acute hypophosphatemia during renal replacement
therapy adversely affects outcome of critically ill patients

with acute kidney injury
Helmut Schiffl - Susanne M. Lang

Pacienti bez suplementace fosfatu:
- Cast&jsi anurie

* DelSi obdobi na dialyze

» HorSi ledvinné funkce pfi propusteni
» HorSi renalni funkce po roce

» Vly$Si mortalita kratkodoba i jednorocCni

Non- Suppl.
suppl. patients

Significance
P

patients

Number of patients 140 149

Severity of AKI
= De novo oligo-anuria 36/67 22774 <0.01
m) Duration of IHD (days) 12+9 8+6 <0.01
m) Number of IHD sessions 8 + 7 5+£4 | <001

Recovery of renal function
=) Complete at discharge 27/60 59/81 <0.05
=) CKD at | year (stages 9/48 4/76 <0.05

2-4)

Overall mortality
=) In-hospital mortality 80/140  68/149 | <0.05
=) Mortality at 1 year 92/140  76/149 | <0.05

Int Urol Nephrol (2013) 45:191-197



Normalizace fosfatemie

Lecba? Korekce? Replece?



Thierry Charron Intravenous phosphate in the intensive care

Francis Bernard

Yoanna Skrobik unit: More aggressive repletion regimens
Nathalie Simoneau :
Nadine Gagnon for moderate and severe hypophosphatemia

Martine Leblanc

Pi <0,4 — 0,65> Pi <0,4
Replecni rezim: 30mmol/2h 30mmol/4h 45mmol/3h 45mmol/6h

Group 1 Group 2 Group 3 Group 4
PO,, urinary (mmol/vol) 11.26+6.51 12.47+7.50 18.62+1.46 6.89+4.29%
PO,, urinary (mmol/l) 17.70+17.65 12.03+8.38 24.07+9.37 4.68+3.79*
FePO, (%) 46+18 3629 54+31 22+26
Ztraty moéi = 40% 40% 40% 15%

Uspésnost v korekci hladin fosfatu 98%, nutnost resuplementace 28%.

Intensive Care Med (2003) 29:1273-1278



Hypophosphatemia on the intensive care unit:
Individualized phosphate replacement based on serum
levels and distribution volume™ " >

Anneke Bech®*, Michiel Blans”, Monique Raaijmakers®, Chantal Mulkens?,
Darryl Telting, Hans de Boer?®

 Validace protokolu zalozeného na pilotni studii — stanoveni
Vd (French et al., Crit Care Resusc 2004;6:175-9; n=7)

 Davka fosfatu= Vd * Hmotnost * (1,25 — aktualni fosfatemie)

. Vd = 0,5l/kg

» Podavano rychlosti 10 mmol/h fosfatu ve formé Na,K (PO,),

Journal of Critical Care (2013) 28, 838843



Hypophosphatemia on the intensive care unit:

Individualized phosphate replacement based on serum
levels and distribution volume™ " "*-*

Anneke Bech®*, Michiel Blans”, Monique Raaijmakers®, Chantal Mulkens?,
Darryl Telting ¢, Hans de Boer?®

1-8: P < 004 5-0: (P <001 2.8
5.6 2.7
— — 52: 2-6_
- < -
E E 4.3_ : 2.5'
= £ o
3 £ ‘ E 24
- — 4.4 E
S £ 1 2.31
© S 4.0- E
£ = 5 |
= I | = 2.2
0 - L
; g a0 § 2
o o 32'
1 “] 2.0
2.8 — 1.9
0.0- 24/ 1.8-
T-0 T T-0 T-1 T-0 T

Dodavka fosfatu 28t1mmol (16-52mmol)
Trvani infuze: 2 hod 45 min. (1,5 - 5,5h)

Journal of Critical Care (2013) 28, 838843



Hypophosphatemia on the intensive care unit:

Individualized phosphate replacement based on serum

levels and distribution volume™ " *-*

Anneke Bech®*, Michiel Blans”, Monique Raaijmakers®, Chantal Mulkens?,
Darryl Telting, Hans de Boer?

1.8 P < .001

1.6+

Phosphate (mmol/L)
a2 & 5 b &

e
a

e
[(X)

0.0

T-1 T2

Hladina fosfatu 2. den po infuzi

Journal of Critical Care (2013) 28, 838843



Hypophosphatemia on the intensive care unit:

Individualized phosphate replacement based on serum
levels and distribution volume™ " "*-*

Anneke Bech®*, Michiel Blans”, Monique Raaijmakers®, Chantal Mulkens?,
Darryl Telting ¢, Hans de Boer?®

1.8 P<.001
1.6
: Do druhého dne (cca 16h):
g 1.4
S 12] 86% pokles > 10%
E il 28% pokles na < 0,6mmol/l
3 !
£ 084 Renalni ztraty:
Q. 1 oL v .
@ 0.6 V prubéhu infuze
T 2,87 £ 0,45 mmol (= ccal0 %)
. Odpovida cca 24mmol/ den
0.2
0.0

T-1 T-2

Hladina fosfatu 2. den po infuzi

Journal of Critical Care (2013) 28, 838843



Hypophosphatemia on the intensive care unit:

Individualized phosphate replacement based on serum
levels and distribution volume™ " "*-*

Anneke Bech®*, Michiel Blans”, Monique Raaijmakers®, Chantal Mulkens?,
Darryl Telting ¢, Hans de Boer?®

vd = 0,5l/kg
1.8 P<.001 | 2 .
1.6- t ‘
: Do druhého dne (cca 16h): o* .
= i 1 s & .
o 1 HLU
g 12 86% pokles > 10% oxtle o>
E o 28% pokles na < 0,6mmol/l g 4,,;4 0
£ sl £ 051 feae g e
£ os Renalni ztraty: £ ._:. e
8 0.6+ -E. '..:
T ] 2,87 + 0,45 mmol/l (= ccal0 %) o2 ¢
- Odpovida cca 24mmol/ den .
0.21 +—P <00t —+
0.0- 1 0.125-

T T2 vd Vi<

Hladina fosfatu 2. den po infuzi

Journal of Critical Care (2013) 28, 838843



Publikované protokoly

Reference No. of Baseline Serum P Dose per kg Total dose Infusion Rate ' Post-infusion '
patients (mmol/L) (mmol/’kg) (mmol) (mmol/h) Serum P (mmol/L)
Vannatta'®' 10 <0.30 0.32-0.48 9-27 0.75 0.54°
Kingston'”® 31 <0.30 0.25-0.50 10-15 2.50-3.75 0.74
Rosen'"”” 11 <0.65 157 7.50 0.96
Perreault'””” 27 0.40-0.80 0.21 152 5.00 0.90
10 <0.40 0.45 30° 10.00 0.70
Charron®""” 37 <(0.65 0.42-0.45 30° 7.50-15.00 0.88°
10 <0.40 0.62-0.75 45° 7.50-15.00 0.72°
Taylor™*% 47 <0.70 0.20-0.60 10-50 2.50-8.35 0.71
=) French™™ 7 <0.67 0.25 14.5 14.5 1.22
Brown”"° 34 0.73-0.96 0.32 25 7.50 0.86
30 0.51-0.72 0.64 50 7.50 0.77°
15 <(0.50 1.00 75 7.50 0.93°
# Current study 50 <0.60 0.35 16-55 10 1.08

» Malé soubory

 Kratké infuze — bolusy
» Mala mnozstvi fosfatu
» Vlysoka (?) rychlost

* Nizka ucinnost

Journal of Critical Care (2013) 28, 838843



Bolusové podavani i.v. fosfatu

* Vyhody bolusového podani fosfatu:
— Rychla korekce abnormit
— Kratka doba uziti zilni linky pro podani fosfatu

1.8,

1.6+

* Nevyhody:
— Vykyvy fosfatemie
— Riziko nezadoucich ucinku
— Renalni ztraty
— Nutnost opakovanych bolust(i o .
— Nesmeruje k doplneni celotelovych zasob

- =
(=] 5] NN

[=] -
[=-]

Phosphate (mmol/L)
o

o
s

T1 T T-2
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Muz 42 let, akutni pankreatitis

Fosfatemie, dodavka fosfatu
160 1,5
140 = 1,3
normofosfatemie
120 — 1,1
- 100 — = 0,9
3 =
5 80 — L 0,7 2
€ \ c 1 fosfaty celkem
€ 60 - 0,5 IV mmol/den
40 \/— ] 0,3 - Fosfatemie
denni
potreba { 20 | | [ |—| |—| | ‘ | - 0,1
0 I I I I I I I I I I I '0,1

kumulativni davka fosfatu ve dnech 3.-9. = 491 mmol



Hyperfosfatemie



Hyperfosfatemie

» Obvykle bez pfiznaku

« Akutni
— Hyperreflexie
— Parestezie
— Karpopedalni spasmy
— Pozitivni Trousseau, Chvostek
— Krece
— Zmatenost, delirium, koma

 Chronicka
— Unava
— DuSnost
— Anorexie
— Nauzea, zvraceni
— Kalcifikace



Priciny hyperfosfatemie
Pokrocilé selhani ledvin
Tumor lysis syndrome
Rhabdomyolysa
Hypoparathyreosa
Intoxikace vitaminem D

latrogenni



Stéphan Troyanov Phosphate addition to hemodiafiltration

David Geadah

Marc Ghannoum solutions during continuous
Jean Cardinal
Martine Leblanc renal replacement therapy
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Serum phosphate (mmol/L)

solutions

0 H 1 1 1
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Time (days)

«Zjednoduseni kontroly fosfatemie
*Minimalizace vykyvu hladin fosfatu
*Redukce 1.V. linek

Intensive Care Med (2004) 30:1662-1665



Stéphan Troyanov Phosphate addition to hemodiafiltration

David Geadah

Marc Ghannoum solutions during continuous
Jean Cardinal
Martine Leblanc renal replacement therapy

podani fosfatovych soli pfed koloskopii
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*Minimalizace vykyvu hladin fosfatu
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Intensive Care Med (2004) 30:1662-1665



Acute phosphate nephropathy

Glen S. Markowitz' and Mark A. Perazella
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Severe hyperphosphatemia after administration
of sodium-phosphate containing laxatives in children:
case series and systematic review of literature

Hannah N. Ladenhauf « Ottokar Stundner *
Florian Spreitzhofer - Stefan Deluggi

Déti 2.5, 4 a 5 let. 1x M. Hirschprung.

2x klysma s fosfatovymi solemi pro zacpu. BEhem 10-20min. letargie, zavrat,
tachykardie, dusnost.

Plasma phosphate level - Plasma total calcium level
60 1 ?
94 Tmm——
16 mmol/l \ <=Patient 1 /‘K‘ /
50 A . y « 2,125mmol/l
Patient 2 norma ‘,5 /
~~Patient 3 - 8 4
- * ~+Reference (high) T
T D 75 4
E-) 3
E 307 - T
o S - :
- 20 A 6,5 1 “Patient 1
. Patient 2
" \ ST 1.5mmolf ~-Patient 3
norma ‘ \\ : 7_\145mmol/| 5,5 1 “+-Reference (low)
1 P — S —————— o = R L TS s S T L 0, 0, 0. 1L
0 2 4 6 8 1012 14 16 18 20 22 24 26 28 3 0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30
Hours after incident Hours after incident

Lécba: tekutiny, Ca-glukonat.
32 pfipadu v literatufe, 3 umrti, 1x hypoxické poskozeni mozku.

Pediatr Surg Int (2012) 28:805-814
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Pseudomonas aeruginosa Overrides the Virulence
Inducing Effect of Opioids When It Senses an Abundance
of Phosphate

Alexander Zaborin', Svetlana Gerdes”, Christopher Holbrook', Donald C. Liu', Olga Y. Zaborina'>,
John C. Alverdy'*®
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Pseudomonas aeruginosa Overrides the Virulence

Inducing Effect of Opioids When It Senses an Abundance
of Phosphate

Alexander Zaborin', Svetlana Gerdes”, Christopher Holbrook', Donald C. Liu', Olga Y. Zaborina'>,
John C. Alverdy'*?
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Narust virulence vlivem opioidu a nedostatku zivin
| pFi nizkém poctu jedincu (quorum sensing).

Caenorhabditis elegans

Utlum virulence pfi dostatku fosfata v prostiedi.
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« Mnoho pricCin nefyziologicke fosfatemie

 |atrogenni etiologie bezna
— Refeeding, RRT, léky, chyby, sole fosfatu

* Hypofosfatemie
— Neni dukaz, zZe je nezavislym prediktorem
— Substituce v praxi bézna
— Vhodné respektovat doplneni celotelovych zasob
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