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No. pts #t risk
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HYPNOSIS
hazard ratio . 2.65;
P<0.001
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Fuca, G.et al. Sci Rep 9, 12993 (2019).
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K K" | Na*
K* K" | Na*
Na, + K, =
[N a+] — K" K" | Na*
ICF ECF
TBW Gain Gain
pure water isotonic saline
Edelman et al. J Clin Invest. 1958 Sep;37(9):1236-56 kP Kt [ Nat .
K" K" | Na* |Na®
K* K* | Na* L . +:
Rl e K™ K Na Na™,
K" K* | Na* B B ;

TBW Ubgmemols §yemols 999:339e0mds KTK" | Na” [Na7

ICF ECF ICF ECF
Kamel, Kamel S.; Halperin, Mitchell L..
Fluid, Electrolyte and Acid-Base Physiology;

ifth edition
3993060900 B®dsenmtro 29BOEOO ’
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* 303960393007
¢ 35bo@mo?
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MbIMEoE®dS Uosm > 100mOsm/kg 0rvg Uosm <100mOsm/kg
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Hyponatremia in cancer
PNa < 135 mEq/I|

POsm > 275 mOsm/kg

POsm < 275 mOsm/kg

Hypotonic ‘

Isotonic
UOsm < 100 mOsm/kg » Pseudohyponatremia (Paraproteinemias,
WOk U0 R hypertryglyceridemia, lipoprotein X in

{ ‘ cholestasis)

» Nonconductive irrigant or hysteroscopy

Urine is inappropriately concentrated Urine is appropriately diluted (glycine, sorbitol, and mannitol)
for hypotonic plasma for hypotonic plasma “lv.lg ’ ,
‘ Hypertonic

r Vasopressin-dependent j Vasopressin-independent * Hyperglycemia
*lV.lg

UNa < 20 mEq/I UNa> 30 mEq/I Hypotonic
» Concomitant presence of ineffective
. - osmoles (e.g., urea and ethanol)
* Primary polydipsia
¢ EABV 2 or N EABV * Low s_olute intake (tea gnd
toast diet: beer potomania)
‘ ‘ * Renal insufficiency
Vasopressin secretion is Vasopressin secretion is
physiologically appropriate physiologically inappropriate
» Hypovolemia (chemotherapy-induced Gl
losses, » SIAD (SCLC, head and neck tumors, brain or
CAR-T- and IL-2-induced capillary leak lung metastases, chemotherapy, nausea, pain)
syndrome, cisplatin-induced RSW) « Cortisol deficiency (CTLA4 inhibitors- induced
* Heart failure (anthracyclines, targeted hypophysitis, or adrenalitis; PD-1 inhibitors-
therapies, amyloidosis) induced adrenalitis, hypophysitis, or isolated
« Liver disease (metastases, chemotherapy, ACTH deficiency; adrenal metastases)
S0 elEning [RECT) Workeneh BT et al. Kidney Int. 2020;98(4):870-882
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doM0mMSEO 3O0GJMH0vT900 ©53bdoMyg 3M0EH9M0MIgd0
* 3wsHdol Na <135mEq/L *  3sHdol Fo0dy3s <43y/
* 3oHaol MLAMEOEIMdS <275 mOsm/L * 3sHdol FoMm30bs <100/
* 99309300 * FEN>1%
e UOsm >100 mOsm/L e FEUrea> 55%
* Una>30 mEqg/L *  Loombol OglE©mod05 SLHMMGOL
* 00M39ol, 106399 HBYS X063IZ0L 303mbo@©9d00l
935609060 X060 33¢0L BMbd305 bm@dsdo s 303mbo@©9305 56 LmM©gds 0,9%NaCl
*  ©O0M9303900L 2o6M9dg 0bgmHBoom

" Yoo @a¢go®mgol Gbiho smegzgnwos
(33)3060m30L 200¢0/39 4 Lon-3o BmbbHY
25dmoyma3s <80%)

* 53 EMby 3esBdsdo FoLoos 9130 gdoobs
5 303MmFHMbMM0 3esBTol 3mbbyg

Workeneh BT et al. Kidney Int. 2020;98(4):870-882
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Workeneh BT et al. Kidney Int. 2020;98(4):870-882
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Is fluid restriction an efficient first line therapy for @ p
chronic SIAD ? #NephJC

Single center, prospective i +
e Change in plasma Na* (mmol/L)

i

Chronic Syndrome of
inappropriate diuresis (SIAD)

Fluid restriction (1 L)

Conclusions: FR induces a modest early rise in pNa in patients with chronic SIAD, with minimal A $ . sy A & ol Fuid Py &
chronic Siad; results of a prospective randomized

additional rise thereafter, and is well-tolerated. More than one third of patients fail to reach a pNa of at Controlled trial. J Clin Endocrinol Metab 2020

least 130 mmol/L days of FR, emphasizing the clinical need for additional therapies for SIAD, in some ’

patients. Visual by W @g zip

Garrahy et al. J Clin Endocrinol Metab. 2020; 105(12):1-10
Visual abstract: http://www.nephjc.com/news/2020/9/22/fluid-restriction-vis-abstract



253X MBI M) 305 9BIJEIMMdS FSMOEIOLS S

13)OMBGI0OL ©T5EGO00)?

Furosemide, Oral Sodium Chloride, and Fluid Restriction in SIAD

Design Intervention Results
The EFFUSE-FLUID Trial Fluid Restriction At day 4:
_Gpandanal ke / +Na 45 mmoliL on average in all
Randomized Controlled Study 0 ['I] participants combined
— 000 * No difference in Na between groups
cCOQ Fluid Restriction + Furosemide
Thailand n=92 (n=30) + No statistically significant difference

SIAD: Syndrome of @ + (<= *p in AKI between groups.(p =0.07)
Inappropriate Antidiuresis * More K < 3.0 mmol/L with more

« Serum Na < 130 mmol/L Fluid Restriction + Furosemide intensive intervention (py,q = 0.01)
* Urine Osm > 100 mOsm/kg + PO NaCl

* Urine Na > 30 mmol/L (n=31) ‘Q No difference in % patients with or
e i i @ = @ % QD> time to Na> 130 or > 135 mmollL

CONCLUSION: Compared to fluid restriction alone, furosemide with or without oral NaCl
did not further improve treatment of hyponatremia in SIAD.

Pajaree Krisanapan, Surachet Vogsanim, Pathomporn Pin-on, et al (2020)

@AJKDonline | DOI: 10.1053/j.ajkd.2019.11.012

Krisanapan et al. Am J Kidney Dis. 2020;76(2):203-212
Visual abstract link: https://els-jbs-prod-cdn.jbs.elsevierhealth.com/cms/attachment/cbal4b18-1c0d-4b16-a216-45d5ba0fbbed/fx1_Irg.jpg
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SIAD 9 360b5¢0md5do

(S)(YIQ"SDB(E)DBO, 3(060303@060 D T, TALLH cell ,Medullary interstitium Principal cell Tubular
5bM30BYdIero 33¢0939000) SALT-1 SALT-2 \ e

0')‘0866 ...... :'a NKee2  ATP Na: it VZH) - Kg" AQP2
35309630 L0 33OEMdBY BRS3w9bs ? N . ADH-A; M\ (?]D
©3090l ©B0sBYdOL Gobo AR BT (

K 4 ]
CICKD , /\

Na 3m6M9d3gool LobMsgol 3mbEmmewo ? el N

diuretics : Demeclocycline

mosis QP3 \
. (600 mOsm/kg)
K 1dney r&l;‘ |
Medicine 8 - H ("

Medullary interstitium Principal cell Tubular lumen
Methods Cohorts Results

Efficacy Overcorrection
ENN  Retrospective T01vaptan (123 mEq/L/day) (>10 mEq/L in 1 day)

chart review

7.5 mg 78% 5.5%
T @ SIADH (n-=18) (
UCLA Oschner @ @ @ Osmosis _| AQP3

cohor cohort — =—H,0 t{Urea
15 mg 75% 35.7% b \I/
(n = 28) l'

Osmotic diuresis | ,”

- G 2 i fe quivalent Efficacy and d Rate of O tion in
Conclusion: Similar efficacy and less risk of overcorrection in SIADH | T

patients with tolvaptan 7.5 mg compared to 15 mg. Medicine, 2019, ' Ramy M Hanna, et L K|dney MediCine, VOlume 2, pp20'28,2020

Visual Abstract by Eric H Au, MBBS
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I~
Karger<
From: Urea for Chronic Hyponatremia

Blood Purif. 2019;49(1-2):212-218. doi:10.1159/000503773

Date of Download: 6/26/2023

3560 MIBMESEMdOL AoBEO@OL
2 00m 5930690l fyerol dgfhmgsls

CNT, CCD, OMCD:
water permeable
urea impermeable

Inner
medulla

Copyright © 2023 Karger Publishers. All rights reserved.
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How safe and effective is oral urea for the treatment of CJ A S N

hyponatremia in hospitalized patients? Cloet oot s ooy f e
Methods Cohort Results Sub-group matched control
Retrospective [ b ‘Na* change ’. Treatedonly Wlthurea
i 58 patients I N aLLCTONg0 S L) o ,
@ EHR review w 68y£ars M 124 > 131 mEq/L :_f.('h N=12
81% SIADH —
888 4 hospitals within Na change at Final Na 2 135 mEq/L
EEE UPMC system, . 24h - - 3
| Jul 2016 - Aug 2017 | + 2‘5 mquL 33%
m 7.5-90 g/day @@ 1 patient did not
I for 4.5 days tolerate urea
B <135 mEq/L lﬁ ) Treated without urea
N=12
B 20 veatedwitn | AN Na change at Final Na > 135 mEq/L
ﬁ =1 Urea dose urea only N oVorcotraction K 'fzi":ge
- 0.5 mEq/L 8%
p:(]'.[)it D=D.0&

' Helbert Rondon-Berrios, Srijan Tandukar, Maria K. Mor, Evan C. Ray, Filitsa H. Bender,
Thomas R. Kleyman, and Steven D. Weisbord. Urea for the Treatment of
Hyponatremia. CJASN doi: 10,2215/CJN.04020318

CLINICATL N

Rondon-Berrios, Helbert; Tandukar, Srijan; Mor, Maria K.; Ray, Evan C.;
Bender, Filitsa H.; Kleyman, Thomas R.; Weisbord, Steven D.

e . . S *  Clinical Journal of the American Society of Nephrology13(11):1627-1632,
&) Wolters Kluwer Copyright © 2023 Wolters Kluwer Health, Inc. and/or its subsidiaries. All November 2018, Y of Nephrology13(11)

rights reserved.
doi: 10.2215/CIN.04020318
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ORIGINAL ARTICLE

Urea in cancer patients with chronic SIAD-induced
hyponatremia: Old drug, new evidence

Alice Nervo i, Valentina D'Angelo, Daniela Rosso, Eleonora Castellana, Francesco Cattel, Emanuela Arvat,
Emidio Grossi

-

CLINICAL
ENDOCRINOLOGY

First published: 13 March 2019 | https://doi.org/10.1111/cen.13966 | Citations: 23

356000M3565 95399@M™ds 65639690 04bs
b 3mMy0uM 3530963H90do3

36 35309630 Na < 130mEq/L

B6®IMbsE 9305 domfgme 0dbs
140009b9. - 55.6%
3009ty - 86.1%
60009bY. - 91.7%

Rondon-Berrios et al. Clin ] Am Soc Nephrol. 2018;13(11):1627-1632
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VAPTANS DRUG UREA
SNa HOLIDAY
(mEqn) 4 8 DAYS
140
135 EEENEERNERNENER
130
125
P =
} — — k i i } +—+ }—» Months
0 2 4 6 8 10 12 0 2 4 6 8 10 12

::a Wolters Kluwer

¢  Soupart, Alain; Coffernils, Michel; Couturier, Bruno; Gankam-Kengne, Fabrice;
Decaux, Guy

e Clinical Journal of the American Society of Nephrology7(5):742-747, May 2012.
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HF 330m)30

Empagllflozln increases p[asma sodlum levels CENTRAL ILLUSTRATION Hyponatremia in the DAPA-HF Trial
in paﬂents with the Risk Related to Hyponatremia Change in Serum Sodium With Treatment
" - . gs . o Change in Sodium With Ti
syndrome of inappropriate antidiuresis (SIAD) HertFaure or G oeath Ll o
0.4 4
2
METHODS OUTCOME £ 034 g 140
~
| === * ‘E E
Hospitalised patients g 0.2 1 E 129
p-sodium <130 mmold ® =
due to SIAD . E §
T T S 2 E o014 aHR: 1.50 (95% CI: 1.23-1.84) 138
Inclusion . & E b P<0.001
& Median (IQR) increase € :
Randomisation 0 d . : II‘I g é 01 T T T T T T T T 137
_-_ p-sodium in mmol/k: 23 b 0 90 180 270 360 450 540 630 720 014 60 120 240 350
r | Dayo | '_l § . P Days Since Randomization Time (Days)
Placebo Empagliflozin 10 (5,10) %" 5 = Nein-Hyp — Hyp —=— Placebo—— Dapaglifiozin
25mg/d for 4 days for 4 days ! g 2 o5
i e £ z Effects of Dapagliflozin According to Baseline Sodium Level
Placebo 7 (3,11) ]
fluid fluid i o Outcomes Dapaglifiozin Placebo HR (95% CI) mrracﬁ;m
<1000mi <1000ml
CV Death or HF Hospitalization or Urgent HF Visit 0.54
L Day 4 J | i | Overall 386/2,371(163)  501/2,369 (21.1) — 0.74 (0.65-0.85)
Primary Empagiiozin Praceoo Na* £135 mmol/L 54/205 (26.3) 61/193 (31.6) —_— 0.83 (0.57-1.19)
Trial arm Na* >135 mmol/L 332/2,166 (15.3) 440/2,176 (20.2) —_—— 0.73 (0.63-0.84)
5 S 7 e 5 A HF Hospitalizati F Visit 095
o 9 CONCLUSION Empagliflozin in addition to fluid restriction o el 23772371 (10.0) 32572369 13.7) — 0.70(0.59-0.83)
. : 4 . Na* <135 mmol/L 20205 (142)  39/193(202) | — 0.69 (0.43-1.11)
leads to a higher increase in plasma sodium levels compared to Nat>135mmolUL  208/2166(96)  286/2176 (131) —— 0.70 (0.59-0.84)
placebo in hospitalized patients with SIAD. Cardovasciixen o 227/2371(9.6)  273/2,369 (11.5) —_— 0.82 (0.69-0.98) o7
Na* <135 mmol/L 35/205 (17.1) 38/193 (19.7) ——————a—}——— 039(0.56-1.40)
Na* >135 mmol/L 192/2,166 (8.9)  235/2,176 (10.8) —_— 0.81(0.67-0.98)
doi: 10.1681/ASN.2019090944 Al-causepeath. o 276/2,371(11.6)  329/2,369 (13.9) e 0.83(0.71-0.97) 9.9
Na* <135 mmol/L 41/205(20.0)  47/193 (24.4) — = 0.85(056-1.29)
Na* >135 mmol/L 235/2,166 (10.9)  282/2,176 (13.0) —— 0.83 (0.70-0.98)
Temmmmmm— 03 05 07 091011 13 1517
Dapagliflozin Placebo
Better Better
—— —_—
Refardt et al. JASN 2020;31:615-624 Yeoh SE, et al. J Am Coll Cardiol HF. 2022;10(5):306-318.
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SIAD in cancer

(UNa + UK)/PNa < 1 AND UOsm < 500
mOsm/kg

Unlikelv to respond to fluid

Likely to respond to fluid restriction e
restriction

v v
FR:0.8-1 L/d FR: 0.8-1 Ld FR: 0.8-1 L/d

Workeneh BT et al. Kidney Int. 2020;98(4):870-882
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LUMEN PRINCIPAL CELL BLOOD

E Lysosome e
aarz| Y > @L Qs
PGE2

B pS261(F} GTP

- S261 ¥
' Op * AVP counteracting
Q{Eﬁ/ . hormone receptor

pS256 93256 + Gsyn| o AVP

cAMP Gsp 0—( 000

G
\/ Sl B 0

Mark L. Zeidel, et al. Renal Physiology.Clin J Am Soc Nephrol 10: 1257-1272, 2015.
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Is hypernatremia an important predictor of mortality & other o
patient-centered outcomes among hospitalized patients? KldneY360

Methods Findings O A
6=6 Retrospective cohort ﬁ m

Cerner Health In-hospital mortality Discharge to hospice Discharge.z .t<_) nursing
Facts Database facilities

ahain Severe
2000 - 2018 hypernatremia OR 34 OR 21 OR 1 2
(Na > 155 meq/L) 95% CI (31-39) 95% CI (18-26) 95% CI (11-14)

compared to reference normonatremia (serum Na 135-145)

ﬂ Adult in-patients with first
L';_Jv serum Na* drawn within 24
Gr)

Crude ORs increased
as serum Na increased and eGFR decreased

m_i hours
n=1.9 million

Patients with hypernatremia
(Na > 145 meq/L)
n=60,614

In all hypernatremic groups, patients >75 years
old had higher odds of in-hospital mortality

Conclusions Hypernatremia was significantly associated with in- Soraya Arzhan, Maria-Eleni Roumelioti, Igor Litvinovich, et al.

T Lot A (e EY e R A e e (o R A G e D R (VAN R S X idi  Hypernatremia in Hospitalized Patients: A Large Population-based
hospital mortality and other outcomes was highest among those with Study. Kidney 360. DOI: 10.34067/K1D.0000702022

[Na]>155 mEq/L Visual Abstract by Dominique Tomacruz, MD
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Hypernatremia

(>147 mEq/L) a
2.6% 500 Cost of stay
-
5 u Critical care stay
(3]
E m Length of stay
o5 400
2
Eunatremia 5.8
(135-147 mEqg/L) . o £
51.8% Hyponatremia g @ 300-
(<135 mEqg/L) [
45.6% 25
Qo
82 200
E o
3
- - 50
o b
o 100+
8
1.0 - =
S S =
o) Hyponatremia Hypernatremia
g B )
= R
0.6
g § 1800
4] [:°] 1 z
== _—~ O In-hospital
i~ S Serum sodium levels :;lg &\‘: 1600 mortality
E «+=+-+ Eunatremia (135-147 mEg/L) 0 & M 90-day
© Hyponatremia (<135 mEg/L) L= 1400+ mortality
0.2 _ _ _ Hypernatremia (=147 mEg/L) Be 1200
2®
Log rank P<0-001 @ § 1000 -
0.0 — Qo
. : : . . : : 35 800
o 15 30 45 60 75 S0 > by
Days = g 600 -
©
Number at risk £ § 400+
Eunatremia 1785 1756 1733 1719 1712 1703 1647 g o
Hyponatremia 1571 1489 1445 1426 1408 1396 1340 £ 200+
Hypernatremia 90 81 69 65 61 58 47 % o
s+ 0 T
6 Hyponatremia Hypernatremia

Abdulla K. Salahudeen, et al. Support Care Cancer (2013) 21:1871-1878
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Serum Na > 145 mmol

1 per liter 1

Net water loss Hypertonic sodium gain

Pure water loss Hypotonic fluid loss Hypertonic sodium gain
Insensible losses
Decrease fluid intake
Central DI: Osmotic diuresis (Glucose, urea in
«Intracranial tumors infiltrating hypophyseal or infections high protein feeds, and Mannitol) Hypertonic sodium bicarbonate infusions
sImmunotherapy induced Postobstructive diuresis Hypertonic enteral feeding
Panhypopituitary-autoimmune injury to the Post-ATN polyuria phase Sodium chloride tabs to treat
ADHproducing cells Gl losses: hyponatremia
Nephrogenic DI: *Vomiting Hypertonic sa]ine enemas
*Hypercalcemia +Nasogastric suctioning Use of osmotic laxatives (lactulose)
*Hypokalemia «Enterocutaneous fistula
*Amyloid (tubular deposits) «Diarrhe
«Sickle cell disease
Medications
Cisplatin
«Ifosfamide
*Foscamet
*Demeclocycline
*Ofloxacin
*Didanosine
«Cidofivir Finkel, Kevin W.; Perazella, Mark Anthony; Cohen, Eric P.
*Amphotericin B Onco-Nephrology, First edition




Is the rate of correction of hypernatremia associated with CJ AS N
clinical outcomes? ooyl il v e P

Methods and Cohort Findings
Data from Medical Information . . . \ﬂ‘
IV  Martfor intensive Care-li QW&  Rapid Correction Slow Correction  gRaenily

(MIMIC-III)

30 day mortality @l\\\S3 30 day mortali
pn m On admission m 25% =0, . Y m

N=122
Na >155 Hospital-acquired
mmol/L N =327 30 day mortality 30 day mortality

44% P=0. 40%

cases of cerebral edema, seizures or
alteration in consciousness attributable to
rapid hypernatremia correction

Kinsuk Chauhan, Pattharawin Pattharanitima, Niralee Patel, Aine Duffy, et al. Rate of
Correction of Hypernatremia and Health Outcomes in Critically I
HEE ;aataeﬁés CJASN doi: 10.2215/CJIN.10640918. Visual Abstract by Michelle le,

Chauhan, Kinsuk; Pattharanitima, Pattharawin; Patel, Niralee; Duffy, Aine; Saha, Aparna; Chaudhary, Kumardeep; Debnath,
r . H . ili- H iri . . ini H 1
9 Wolters Kluwer Neha; Van Vleck, Tielman; Chan, Lili; Nadkarni, Girish N.; Coca, Steven G.; Clinical Journal of the American Society of
Nephrology14(5):656-663, May 2019.
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Serum [Na]
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> ) 140
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A

Oral calcium intake

Soft tissue and
intracellular
calcium

~1,000 mg/day

R

P 4]

!

{ | 400 mg
Intestine ||

—_—
-

{
|
““ J 200 mg

Extracellular | 500 Mg
fluid and
plasma

S
<*—

Feces * 800 mg

9,800 mg T v110,00(1 mg

500 mg

Kidney

Urine ¢ 200 mg

Oral phosphorus intake
772-2,000 mg/day

i |

Soft tissue and
intracellular
phosphorus

12,000
mg Extracellular mg
| < = fluid and « >
plasma | 42,000
mg
3.000-5,250T l 3,700-6,180
Feces ¢ 465-620 mg mg

mg

Urine ,l, 615-1,545
mg

c Soft tissue and
intracellular
Oral mag intake magnesium
300 mg/day T l
N )
[ | 120mg | Exiracellular
| < | fuidand | >
.: 20 mg plasma

2,300 mg Tl 2,400 mg

Feces imn mg

Urine ¢ 100 mg

Mark L. Zeidel, et al. Renal Physiology.Clin J Am Soc Nephrol 10: 1257-1272, 2015.




390309900, 3MbR3o@9d0l s Aogbomdol Jodmgers bB3oLL3s LolEgdgdl FmGmOL

PROXIMAL TUBULE CELL

THICK ASCENDING LIMB CELL

Mark L. Zeidel, et al. Renal Physiology.Clin J Am Soc Nephrol 10: 1257-1272, 2015.
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Solanki MH, et al. Am J Physiol Renal Physiol. 2014;307

Neuromuscular
manifestations

Hyperexcitability of the
membranes

Muscle cramping
Carpopedal spams
Tremors
Tetany
Seizures

Kidney
Manifestations

oMNEY )
f | :

J 1,
i [ Hypokalemia and other
secondary electrolyte
4 derangement

Low Mg levels (less than 0.66 : e
mmol/L)

Risk factor for hospital .
associated AKI :
. g

Bonilla, Marco et al.

cD8+
Tcell
Co-stimulatory cell-surface molecule LFA-1 requires
magnesium for the active conformation on CD8+ T

| Y
B n
L)

Cardiac
Manifestation

Dysregulation of calcium
channels and the sodium-
potassium membrane pump

.

/ A A AN A AN 3
A et AV LR VAR Vel | LR Y M V2
v EELEoN waa

ECG changes may vary
depending on the degree
of hypomagnesemia

Cancer
Association

Cancer cell

0L30056

cells at specific cy

2. »53390%9 33¢9390do
LowMglevels 3903 0Bogos 8sgbovydoo

* 5330600300 3MMYms30s Lodbogbols

”(_{@ More rapid disease (bﬁ)QObb Qb

i d short -
nmseen it survval i CaR T IXOIQIEO-G0ZL0L
cell treated patients Q bmg)%‘msia SL0SD

3. 03996090300 989]GHwYHMdOL

bGHodEoMmgds

1. 06396Lov)mOo ©EIMIOEYPDNIENRdS
) ) LodLogbol 35630maMgdoL

Seminars in Nephrology, Volume 42, Issue 6, 151347
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Bonilla, Marco et al. Seminars in Nephrology, Volume 42, Issue 6, 151347
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\
K\&\

f . . ) L\\»
[ Hypomagnesemiain
Cancer Patients |

T

@
>

" Gastrointestinal

losses

|8

Enteral feeding
with inadequate
Magnesium

Alcoholism

Die'gary Redistribution
deficiency
Starvation ' Blood transfusion
Protein-calorie Acute pancreatitis
malnutrition .
Refeeding
TPN

| syndrome

Diarrhea
Vomiting

Nasogastric
suction

Malabsorption

Gastrointestinal
fistulae

Bowel resection

Proton pump
inhibitors

Laxatives

!

Ketoacidosis
Hypercalcemia
Hypoparathyroidism
Hyperaldosteronism
Hypervitaminosis D

Genetic disorders

Adjunct agents used in

v

Chemotherapy related

patients with cancer

Thiazides and Loop

diuretics

Pamidronate and
Denosumab

Aminoglycosides
Amphotericin B
Ibuprofen

Antituberculous
agents

Platinum-based
agents

Anti-EGFR mAbs
EGFR-TKI

HER-2 inhibitors

Alkylating agents
CNIs

mTOR inhibitors

Transdermal
losses

l

7 N

Burns

Excess sweating

y,

Bonilla, Marco et al. Seminars in Nephrology, Volume 42, Issue 6, 151347
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Gastrointestinal
Lumen [ Enterocyte cell { R
) J .
\ 4
( ) \ Proton pump
] / inhibitors
B @ . | s N\
o Deficient diet 7 Na-K-ATPase .
« Gastrointestinal . TRPM6/7 . e Diarrhea
losses - »
@ A -{©) Vomiting
ol g | ) Nasogastric
@_ .--'.._+ SUCtIOI‘I
Bioavailability | —— - -E 3 -=(Na) Malabsorption
| Gastrointestinal
e fistulae
@ : Tight Junctions J
@ _______ -, Bowel resection
- - Q 1 Proton pump
L inhibitors
Laxatives
\ J

Bonilla, Marco et al. Seminars in Nephrology, Volume 42, Issue 6, 151347
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Thiazide
diuretics

Calcineurin,
mTOR inhibitors

Urine [

Distal convoluted tubule cell J

Anti-EGFR mAbs
EGFR-TKI
HER-2 inhibitors

.

Ketoacidosis
Hypercalcemia
Hypoparathyroidism
Hyperaldosteronism
Hypervitaminosis D

Genetic disorders

Bonilla, Marco et al. Seminars in Nephrology, Volume 42, Issue 6, 151347

v
Adjunct agents used in
patients with cancer

Thiazides and Loop
diuretics

Pamidronate and
Denosumab

Aminoglycosides
Amphotericin B
Ibuprofen

Antituberculous
agents

LS

™~

!

Chemotherapy related

Platinum-based
agents

Anti-EGFR mAbs
EGFR-TKI

HER-2 inhibitors
Alkylating agents
CNIs

mTOR inhibitors




Loop
diuretics

ROMK

P @ | CcasR
e
"
Claudin- 16/19 \_—— Claudin-14
_ %
@ = { PR
(R T [
f

303035369000l d0ByBgdo

Thick ascending limp of the loop
of Henle cell

Na-K-ATPase

'

Aminoglycosides

Ketoacidosis
Hypercalcemia
Hypoparathyroidism
Hyperaldosteronism
Hypervitaminosis D

Genetic disorders

Bonilla, Marco et al. Seminars in Nephrology, Volume 42, Issue 6, 151347

v
Adjunct agents used in
patients with cancer

.

Chemotherapy related

Thiazides and Loop
diuretics

Pamidronate and
Denosumab

Aminoglycosides
Amphotericin B
Ibuprofen

Antituberculous
agents

\

Platinum-based
agents

Anti-EGFR mAbs
EGFR-TKI

HER-2 inhibitors
Alkylating agents
CNls

mTOR inhibitors
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Bonilla, Marco et al. Seminars in Nephrology, Volume 42, Issue 6, 151347



30335369300l 33Mbogrmds

U God0mM0 35:30953)0:
1. 533900 3O>M©YJE9d0 240-10000y OO0 gen.Mg
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(Mg-lactate, Mg-citrate, Mg fumarate, Mg aspartate, Mg-orotate, Mg-pidolate)
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5. 00533560 89Hm30L 45d0gM9ds - 5F0EMMH0EO; SGLT2 0630d0E MmO 9d0

Case series: Makowsky MJ (2019) Case Rep Gastroenterology
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S, (early proximal tubule)

GLUT2 |SGLT2

| NHE3

S, following SGLT2 inhibitor

GLUT2 GLUT b

NaPi-2a

QK.‘/\Q:'GNE

S,/S, (late proximal tubule)
GLUT1 ' ]

Gluc
SGLT1
2K* 3Na*
X

Na*
e Gluc
MAP17
2K* 3Na s Na*
\‘m

Glucose

O

t:o o
<« Gl : = Ir Urate
<«——— PO43- o o

3Na+ oNa' ©
weos ©

2Na*
Gluc

B Untreated
Macula densa cell
" " SGLT1
- ~ receptor 1 nNOS
| | [P] e
| Tone of B lat |
‘ afferent < 1 Ademo.tslmad—‘l A'I?;or;:;:e NK2CI
arteriole |

Tubuloglomerular
feedback

SGLT2 inhibition

Typelcli}abeles

‘ mellitus ‘ Macula densa cell

t Tone -~ ] ‘\‘

afferent @ |

arteriole ‘

) 1 Basolateral |
t Adencsine " ATP release | NK2CI

Type Il diabetes ‘ .?;j_m

mellitus il

\Tone L " !

efferent >

arteriole

Pac
Afferent ) Efferent
arteriole Normal arteriole

GC

P |

Untreated diabetes mellitus

* ¢ f Pac
SGLT2i type | diabetes mellitus

. ik

P

ac

SGLT2i type |l diabetes mellitus

Palmer, Biff F et al. CJASN 18(2):p 279-289, February 2023
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b

n, mean (SD); N, mean % A B Untreated SGLT2 inhibition
Author (year) [ret.) WMD (95.% Cl) SGLT2 inhibitor (SD); Placebo Weight — e o
S, (early proximal luhule) SGLT1 1 Tone () |

Dapaglifiozin er.m‘z E_mm 8 o 'Im i |

25myg GM mn-m Lnumm-—‘ﬂ';":.','_':', mécl Mﬂnmklf;;:‘::‘(:\“ Le)

" N

Widing et al (2012) [8) ——&—— 020(0.14,026) 202,008(0.15) 193,-0.12 (0.38) 50.35 '}O:’ '?j'. l Tiatigaterss ‘;O:’ 'ﬁ' T

Bailey ot al (2015) 10} B 0.04(-0.02,0.10) 65 -0.06(0.16) 75.-0.1(022) 49.65 b(:):_' 21 = 21

Sublotal (F=92.6%) ——— . 0.12(0.04,0.28) 267 268 100,00 shoart Q;

Smg .

Widing et al (2012) (8] —_—— 0.18(0.12,0.24) 211,0.06(0.17) 193, -0.12 (0.38) 51.14 S, following SGLT2 Inh}bhor Glucose Tubloglomenar c

Bailey et al (2015) [10] B G 005(-0.02.0.12) 64, -0.05 (0:2) 75..0.1(022) 4886 aLiT2 owrss _0° »o foedback Pac

Subltotal (F=87.2%) — - 0.12(0.01.024) 275 268 100.00 - :;: Tim _‘__K<0 ;’““‘ | ~ ool T i

‘ a.—\: - P
-2 ,

10mg NaPl2a o, e i @ - 5 f f

Wading et al (2012) 8] ———— 021(015.027) 194,009(017) 196,-0.12(0.38) 32.23 mv‘;{k'm :f:): Hm.:o o | o |

Bolinder et al (2014) [9] -+ 006(0.05.007) 89.002(0.04)  91.-0.04(0.04) 3670 L Unirsatad diabtes malitus

Bailey ot al (2015) [10] . 0.03(0.04,0.10) 70007 (0.19)  75.0.1(022)  31.07 $,/5, late proximal tubule) | e

Sublotal (F=92.1%) — 0.10{0.01,0.19) 353 359 100.00 il | Pac
Empaglifiozin «f__6ue sai'r . ‘ SGLT2i type | diabetes melitus

- ~ I W

FRosenstock et al (2014) (1) - 0.10(0.08,0.12)  186,0.1 (0.1) 188, 0(0.1) 12.64 §O<‘m J ' 7 P |

Roden et al (2013) [12) - 0.00(0.02,0.02) 224,0(0.1) 228,0(0.1) 12.80 T SGLT2itype Il dabetes melitus

DeFronzo et al (2015) [13) — 0.10{0.08,0.14)  135,0.1 (0.1) 128, 0 (0.2) 1067

Lewin et al (2015) [14] . 0.10(0.08.0.12)  138,0.1 (0.1) 133,0(0.1) 12.30

Kovacs et al (2014) [15] e o 0.00{-0.02,0.02) 165,0(0.1) 165, 0(0.1) 1252

Haring et al (2014) [17) -+ 0.00(-0.02,002) 217,0(0.1) 207,0(0.1) 12.75 a

Haring et al (2015) [18) -+ 0.00(0.02,002) 225,0(0.1) 225,0(0.1) 12.80 . n, mean (SD);  n, mean %

Zinman et al (2015) [19) . 006(0.04,008) 2345006 (0.1) 2333,0(0.1) 1352 Author (year) [ret] WMD (95% Cl)  sGLT2 nhibitor  (SD); Placebo ~ Wesght

Rosenstock et al (2015) (20} (Excluded) 169,0(0.1) 170,0(0) 0.00

Subtotal (F=95.1%) <> 0.04 {0.02,007) 3801 krerd 100.00

Canagifiozin

25mg 100mg

Rosenstock ot al (2014) [11) —— 0.10(0.07,0.13)  189,0.1 (0.2) 189, 0 (0.1) 11.61 R

Roden et al (2013) [12] - 0.00{002,002) 224,0(0.1) 228, 0(0.1) 1295 Wikding ot al (2013) (5] ——— 820(6.18,1022) 157.7.1(10.3) 156, 11.1(78) NS0

DoFronzo ot al (2015) (13] —_— 0.10(0.06.0.04) 134.01(0.1)  126.0(02) 10,83 Forst ot al (2014) [6) s 760(5.43,1007) 113,76(89) 115,0(101) 2104

Lowin ot al (2015) [14) —— 0.10(0.08.0.12)  134,0.1 (0.1) 133,0(0.1) 12.45 Bode ot al (2015) (7] —— 8.10(6.45,0.75) 241,68(95 237, -13(89) 47.36

Kovacs et al (2014) [15) - 0.10(0.08,0.12)  168,0.1 (0.1) 165, 0 (0.1) 12.68 Subtotal (F=0.0%) <> 803(609.9.16) 511 508 100.00

Haring et al (2014) [17] —— 0.10(0.08,0.12) 213,0.1 (0.1) 207,0(0.1) 12.89

Haring et al (2015) (18] -+ 0.00(0.02,002) 216,0(0.1) 225,0(0.1) 1293

Zinman et al (2015) (19) . 0.05(0.04,006) 2342,005(0.1) 2333, 0(0.1) 13.66 A0 mg

Rosenstock et al (2015) [20) (Excluded) 155, 0 (0.1) 170,0 (0) 0.00 Wilding ot al (2013) (5] ——  1080(887,12.73) 156,97(95) 156-1.1(78) 3430

Sublotal (F=94.8%) < 007 (0.04,008) 3775 ar7 100.00 Forst ot al (2014) (6] —— 1140(885,1305) 114, 114(06) 11500101 1965
Ipragifiozin Bode ot al (2015) [7) — 11.10(9.43, 12.77) 236,98 (9.6) 237.-13(89) 45.96

50mg Subtotal (F=0.0%) o 11.06 (9.92, 12.19) 506 508 100.00

Lu et al {2016) [20] —— 005(0.03,008) 87,007 (0.095) 83,0.015(0.07) 100.00

Subtotal (FNA) < 0.05(0.03,008) 87 83 100.00 T T

T T -10 0 10
01 ] 0.1 Decroased sarum magnesium Increased serum magnesium

Decreased sonum magnesium

Increased serum magnesium

Tang, H., Zhang, X et al.Diabetologia 59, 2546-2551, 2016
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mg/dl

3030mxMLRSEGHGF0s 3mb30ESI0BYOYE 35309039000

30L30EO0DYOME Mb3M-3530963 9080 49.4% < 2.503/c0¢ (0,800mn/m)

22.9% <209/0¢» (0.64000m¢0/m)

serum phosphorus concentration

P ) 1. 5569LgdL 353096 0L AoTMUBogols
. i | 2. BOOL 3MBE)-M39M5(309
T -t B3O IBIL
; s —y3th i i TERPERL 3. BOOL 3mL30EIO0BSEO0L
Rl T N [T UM AR R R G L S S T I bt odl
— T | 4. 599509b90dL 353096¢)0L bMgHJdOL
boolbl

patients

YoshidaT, et al. Int J Clin Oncol, 2017; 22: 244-249
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FGFR/klotho FGFR/klotho FGF23 E@ Type lia NarPi
Ql@ — 5
za FGF receptor Type b Na/Ph
a—P
‘r Kiotho $ Type lic NaPi Bone
! - Q Food Val N\
— Bikiiy Mo Mitios 20 mg/kg/day Decreased absorption Formation Resorption
CINNNE N T Poor intake l Intestinal absorption 3 mg/kg/day 3 mg/kg/day
16 mg/kg/day
Type lib '
Type lla/ll .
y':aeam c NalPi fml Intestine ¢ v Redistribution
Protein “Cigg l Digestive juice
24(;!1‘ = 3 mg/kg/day PTH, FGF-23 Phosphaturia due to drugs
! ase g 5 FGFR! ” FURST Glucocorticoids Fanconi Syndrome
| ta-OHase ¥ ; ’g v et ype lib Na : Fe(:ef.si’k 4 Estrogen Oncogenic osteomalacia
mg/kg/da
= . 23 / e :
Urine
mRNA Renal Intestinal 13 mg/kg/day
_____________________ FGFRJ' phospha‘le v phosphate
Type lla Na/Pi * s-klotho reabsorption absorption
'I'vp- lic Na/Pi * \

| Hypophosphatemia ‘

Shreedhar Adhikari et al.
Clinical Kidney Journal,Volume 14, Issue 11,
November 2021, Pages 2304-2315
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Clinical Kidney Journal,Volume 14, Issue 11, 963985 M35005: QSQ’O@O‘QGO, 39696M5eobgdwo

November 2021, Pages 2304-2315 36mbRbggd0, 3mds
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Serum Phosphorus < 2.5 mg/dL

v

v

FEPO, < 5%, or
24h UPO, < 100 mg

¥

Appropriately Low Kidney
Phosphate Excretion

Hypophosphatemia

v

FEPO, = 5%, or
24h UPO, 2 100 mg

¥

Inappropriately High Kidney

Phosphate Excretion

' ¥
v v .
Kidney Phosphate
Decreased Gl Transcellular Wasti
i . asting
Absorption Shift T
v v
Chronic Diarrh Refeeding Syndrome v
ronic Diarrnea i ) Nor ’I‘PTH \l/PTH
Antacids Acute Respiratory Alkalosis
Phosphate Binders Tumor Genesis Syndrome
Vitamin D Deficiency I - 3 | l 1
N Vitamin D J Vitamin D N or | FGF23 MEGF23
v v v 4
RURIE A Sl R RIS Vit D Deficiency Fanconi Syndrome Oncogenic

Shreedhar Adhikari et al.

Clinical Kidney Journal,Volume 14, Issue 11,
November 2021, Pages 2304-2315

TKI
ALK inhibitor

Estrogen based hormonal therapy
IV Bisphosphonate and Denosumab

(MM, lymphoma,

cancer therapy)

Osteomalacia
Ferric Carboxymaltose
CAR-T cell
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Phosphorus Route Weight 40-60 Weight 61-80 Weight 81-120

level kg kg kg

<1.0mg/dL Initial management IV 30mmol 40mmol 50mmol
phosphorus IV phosphorus IV phosphorus IV

1.0-1.7 PO if asymptomatic and enteral 20mmol 30mmol 40mmol

mg/dL route feasible; otherwise IV phosphorus phosphorus phosphorus
PO/IV PO/IV PO/IV

1.8-2.2 PO if asymptomatic and enteral 10mmol 15mmol 20mmol

mg/dL route feasible; otherwise IV phosphorus phosphorus phosphorus
PO/IV PO/IV PO/IV

Clinical Kidney Journal, Volume 14, Issue 11,

November 2021, Pages 2304-2315
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PTHrP NJMOR CELLS

Stimulates ‘ .Q’n

resorption COag0s o oKD
_. O Stimulates
) s PTHrP

: > expression
Stimulates OSTEOBLASTS

Ca?* reabsorption —

= Elevated Ca?*
LodLogbglmsb slimEoMmYdMEo 300396 35em(39805 ‘ concentrations
OSTEOCLASTS
—
37980670 3039035039805 8939b350900 dg35edo
i 0330500 30Bybgdo
Sl 30609005 PTH- Sbemgotgdgro PTH 8 OOGb s 090003539640
36O mG0bmb (8mogagl 1,25(0H)2vitD3 *  00m30E0BO30S
J 3LEoMgdE 0By HYBL) 06

*  PTH (356306M0s 356500067M00e0 X0M33ols)

Mundy, Gregory R.; Edwards, James R.
Journal of the American Society of Nephrology19(4):672-675, April 2008.
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Rena[‘failure/ Hypercalcemia

|

IV Bisphosphonate +/-
Lymphoma/Leukemia Calcitonin
Consider corticosteroids l

Refractory Cases
Gallium nitrate or Denosumab

Aggressive IV hydration Volume overload

Table 1. Dosing guidelines for intravenous bisphosphonates in the treatment of acute hypercalcemia

Bisphosphonate per CrCl

Dose and Infusion Rate |

Dosing Interval

I

CrCl =60 mifmin
pamidronate
zoledronate
ibandronate

CrCl 30-60 mlirmin
pamidronate

zoledronate
CrCl 50—-60 mlmin
CrCl 40—-49 mlimin
CrCl 30-39 miimin
ibandronate
CrCl= 30 mlfmin
pamidronate

zoledronate
ibandronate

90 mg over 2-3 hr
4 mg over 15min
Mot FOA approved

G090 mg aver 2—3 hr
Resene higher doses for more severe hypercalcema

35mg

33mg

amg
ot FOA approved

6090 mg aver 46 hr
Resene higher doses for more severe hypercalcemia
Mot recommended Mot recommended
Mot FOA approved

Data obtained from reference 61. CrCl | creatinine dearance; FD A, Food and Drug Administration.

Every 3—4 wk
Every 3—4 wk

Every 3—4 wk

Every 3—4 wk

Every 3—4 wk

Rosner, Mitchell H.; Dalkin, Alan C.

Clinical Journal of the American
Society of Nephrology7(10):1722-

1729, October 2012.
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