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Acute therapy for hyperkalemia
K™ Retention and PK™ Value

 Stabilization of myocardium
* Ca*? gluconate or chloride

* Hypertonic saline, NaCl, NaHCO, =
* Correct acidosis =

* Extra-renal K disposal E
* |nsulin E
* [32 agonist F:
 Alkali

e Potassium removal

* Oral K-resins (CPS, SPS) (X)
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* Loop diuretic and/or florinef K* retained (mmol)




Can SZC as a novel potassium chelating resin be used in the acute treatment of severe hyperkalemia?

Mean serum K* levels with LOKELMA 10 g three times daily for 48 hours (n=258)
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In the open-label phase, serum potassium levels declined
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Time (hours) » 98% of patients achieving normokalemia by 48 hours.
Its onset of action is faster than older resins. SZC may be a valuable adjunct
SZC: 2.5-2.8 K*/gm, 25-28 K*/10 gm

for rapid K reduction in severe hyperkalemia.



Hyperkalemia in HBS: A Less-Appreciated K* shift aberration

Recurrent hyperkalemia following PTX (ALP 3-4 fold)

After PTX, PK increased from average 4.4 to 6.2 mmol/L within 10-12 hours _
K*: 6.7 mmollL | Total Ca?*:5.8 mg/dL | lonized Ca?*: 2.83 mgldL

Of note, 15% of them had PK >6.0 mmol/L b AL Ay Al
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It has been reported that one die of hyperkalemia after PTX A A K T l| ' !‘ FJ
Without evidence of higher K load, K shift is the major cause. e s YN ELEUE L o i ; *
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The most relevant factor appears to be acute hypocalcemia A A Ay A A A 1]

The more profound hypocalcemia may cause severe hyperkalemia. | l ' 'UI d S
Correct hyperkalcemia with 1V calcium and glucose with insulin = H L i JJ: 4: J: ;
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Hyperkalemia with low K* excretion

Low flow CCD Low [Kleco

ECF low ECF not low

A 4

A 4
A 4

* Diabetes-associated e Congenital: e PHA type I

Cortisol Cortisol | type 4 RTA - ENaC mutation( PHA la) e Cyclosporine
*AIDS - MR mutation (PHA Ib)
*Renin inhibitor o Acquire:

¢ Aldosterone synthase ¢ Addison disease - Amiloride

deficiency e CAH - K-sparing diuretics
 ACEI e Ketoconazole - Trimethoprim
* NSAIDs - Pentamidine

® Heparin

Hypoaldosteronism Pseudohypoaldosteronism



The calcineurin inhibitor tacrolimus activates the renal sodium

chloride cotransporter to cause hypertension

CNI: Tacrolimus

KLH L3S433-P

~ FKBP12
WNKs
X

l —— PP-Is

SPAK/OSR1 PP

\ X

Ej Ewout J. Hoorn and David Ellison.

Nat Med 2011;17(10): 1304-1309



a WNK1/4

Table 1 | PHAII phenotypes, stratified by genotype.

Mutant gene Mo. of kindreds Mo. of affecteds Dx/Ref age* K* (mM) HCO3™ {(mM) Hypertension at
(nl 3.5-5.0mM)¥ (nl 22-28 mM )t =age 18 (%)t
cuL3 | 17 21 9+b /5089 155+ 2.0 94 |
KLHL3 recessive ] 14 26+ 14 6.8+05 17615 14
KLHL3 dominant 16 40 24 18 6.2+06 17.2+25 17
WNK4 15 2818 6407 208=x23 10
WINK1 @ 23 3620 58=+08 224+46 13

13% Nature. 2012;482(7383):98-102



K* given: acute K" shift
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Hypokalemia

K* excretion rate
: Acid-hase state

Low K* excretion rate High K* excretion rate

Normal Add-base Abnormal Acid-base

NH4* excretion
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Lin SH Curr Medicinal Chem 2007; 14: 1551-1565.
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Etiologies and Urine K* and Na* vs Cl-excretion rate for Pseudo and true GS/BS
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Wu KL and Lin SH et al. Am J Med. 2017;130(7):846-855

A B.
Na*: solid FeNa*: solid
Cl" : hollow FeCI : hollow
:-.-ZM'
E
c 4
o -
§ 150 3
g 3]
@
H w
] 4
S 1001 3
2 K]
L] 2
£
=2 504
[} - o |
& & & & & o s
VA O R L S S
& v & = & & 3 & & & )
& o < # & 2 & & ' o 0"@ & Bl dﬁ”
B & o ) 0 3
& & S & 3 &
..39\ \‘5.&‘" e&' 1‘3 ! &o u\“@ fb \‘y
& < o R o & 2
W & & @ \‘eo
N v &

High and coupled urine Na*and Cl-: in RTD, “on” diuretics use
Uncoupled urine Na* and Cl- excretions: Cutoff value

Laxative use with low urine Na*/Cl- ratio < 0.6

A/B nervosa with high urine Na+/Cl- ratio > 1.7
Low and fixed Na*/Cl ratio : “off ” diuretics. (0.9 +/- 0.2)




Examples with High urine K excretion but low Na and Cl excretion: Not renal
disorders

* 68 y/o female with diarrhea and severe * 2 y/o was referred for the chronic hypokalemia

hypokalemia and metabolic alkalosis with BS (very high TTKG), very high PRA and
* PK 2.4, pH 7.54 HCO3: 37.4 mmol/L
aldosterone

* UNa (mmol/L) 11 « PK 2.8-3.2, pH 7.44 HCO3: 28.4 mmol/L
* UK (mmoI/L) 50.7 *  UNa (mmol/L) 28 32
* UK (mmol/L) 136 121
* UCI (mmOI/L) <15 * UCI (mmol/L) 16 14
e UCr (mg/dL) 77.5 . UCr (mg/dL) 275 31

* UOsm (mOsm/kg H,0) 302 340

¢ Uosm (mOsm/kg H,0) 327




K* Shift

Na+-K* ATPase #

@ Initial hypokalemia ?
Reduced K* Mutated K* channels
channel efflux  Bumms

Paradoxical
depolarization

Insulin

p,-adrenergic
Others

l

Na* channel inactivation & paralysis

Hypokalemia periodic paralysis (HypoPP)

Familial

e

Non-Familial

Familial
periodic
paralysis
(FPP)
CACNA1S

SCN4A
KCNJ2

Thyrotoxic
periodic
paralysis
(TPP)

Sporadic

periodic

paralysis
(SPP)

(Lin SH, MCP 2005 and JASN 2012, JBC 2013, Neurology 2018)




Autosomal Dominant Renal Fanconi’s Syndrome with Progressive Renal Failure

OO0 b O o O

Z

60y/o
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Whole exome/genomic sequencing

glycine arginine

“ ”
AGAT pivv aonseo) GATM

one of the potential culprit gene

T3361

Glycine Amidinotransferase (GATM), Renal Fanconi
Syndrome, and Kidney Failure

ortithine puanidinoacetate

Age (year-old)

(Father) (Daughter)
60 31
20 15

Age of onset

P p—— e T

P 237.0mg/dl 2.9 <15
2.7 to 4.5 mg/dI 2.1 2.3

m 136-145 mmol/L 141 135

I 3s51mmol/L 3.1 3.4

98-107 mmol/L 108 106
21-31 mmol/L 18 19

forne
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T e 2.5
T srew 37 %

GATM, renal Fanconi syndrome
and kidney failure

METHODS OUTCOME
Studies into the Mutant GATM forms linear aggregates within mitochondria

pathophysiology that are linked to NLRP3 inflammasome activation
of patients with an ‘ TN ;:5 0008 -
autosomal dominant form of " PR zow
renal Fanconi syndrome and o Lo o
kidney failure B8 (O Em
P\ € ~’ N 0001
w » §, I -
! veckr wichpe  TIGA

of mutant GATM aggregates activate

T GATM aggregates “GATM leads to the NLRP3 inflammasome
(arrow heads) formation of giant with subsequent IL-18

al o . . mitochondria (green) overproduction

6_11;_“ : CONCLUSION

Mitochondrial GATM aggregates in renal proximal tubular cells
trigger a chronic inflammatory response with kidney fibrosis

JASN

dok 10 VOB UASN 2017111179



A 20 Y/O Male with dRTA and nephrocalcinosis

Gene Protein Function Inheritance  OMIM® o
#b & #% 71 B (Audiogram) :
SLC4AT  Anionexchange ~ Cl/HCO;anion ADorAR  #611590 i S W A § i 5 O | N § S P
protein 1(AE1) exchanger -~ AD> 4
2 I ES: St i 2 -
ATP6VIBT  V-type proton H'-ATPase AR SNHL #267300 22 = P R b
ATPase subunit B1  subunit gE = -
ATP6VOA4  V-type proton H'-ATPase AR SNHL #602722 i s v
ATPase 116kDa subunit = V- -

subunit a4 e
#H#E% family pedigree
o ATPOVOA4  (NM 020632)
FOXIT Forkhead box I1 Transcription AR SNHL #60079° ; .
(FOXI) factor sarseiecny —
l] O,T"-f3f’|f7,:f|’°““?"f7'“7.'°'i'
WDR72 WD repeat- Unknown AR #613211 T | A .\l.l--lll.l_l
containing protein T
72(WDR72)

Extrarenal pathological conditions in the inner ear, red blood
cells or teeth.




AD ATP6VOA4 Gain of Function (V512L) Drives Primary Distal
Renal Tubular Alkalosis with Enhanced V-ATPase activity
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e _chr7: 138424323 3 ¢.1534G>T(p.V5612L)
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[ MITRAL REGURGITATION

<Left alrial and left ventricular exon 13 from-138424377 to-1 38424284(DNA) 494 to 524(aa)
-Moderate mitral regurgitation D ATP6VOA4 c.1534G>T
Proband

/wux//\ AL /\ VATATATAY j\/\

( ) J' G RENAL DISFUNCTION ] et

Hypochloremic metabolic alkalosis Sor 4 51mg/dL, proteinuria Mother | T \ .

Polassum 172 mnoll. . Gomendoscerass it Lo AN WA

Nomal ARR JFTA

Y ATP6VOA4 p.V512
O ' Homo sapiens
ACIDIC URINE FATIGUE ] Pan troglodytes

Macaca mulatta
Canis lupus familiaris

. _ ; Mus musculus
Urine pH 5.0 ~Fatigue and weakness i both Rattus norvegicus

: : lower limbs
~Urine potassium 39 mmolid Drosophila melanogaster

Father
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WCN’'22 Salt-losing Tubulopathy with Hypokalemia: BS vs GS
Bartter's Syndrome Gitelman's Syndrome
Case 1 Case 2 Case 1 Case 2 Case 3
Age/sex 5/ M 25/ M 57/ F 41/ F 22/F
Cer (ml/min/1.73m?) 68 105 84 112 93
Na* (mEq/l) 130 132 143 139 137
K+ (mEq/1) 2.2 2.0 3.0 2.8 2.2
CI (mEqg/) 75 77 99 106 81
CO, content (mEq/l) 34 37 29.5 33.2 42.5
Ca?* (mEq/l) 3.8 4.0 4.7 4.85 4.9
Mg (mEq/1) - - 0.93 1.1 1.22
PO, (mg/dl) - - 3.9 3.9 -
Renin (ng/ml) — — 39 43.2 48.8
Aldosterone excretion (pg/day) 38 40 25 13 8

Frederic C. Bartter, et al. Am J Med 1962
e i Gitelman HJ, et al. Trans Assoc Am Physicians. 1966

World Congress of Nephrology — WCN’22




GS: the most common tubulopathy

NaCl wasting (ECFJ, )
Renal K* wasting with Hypokalemia
LOH OK (Uosm)
Divalents UCa, PMg
Hypocalciuria

Hypomagnesemia
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Genotype analysis:

57 different SLC12A3 mutations with compound heterozygosity being the
most common from 130 unrelated families with 161 probands.

Approximately 12-13% of patients had triple independent mutations.

Autosomal pseudo-dominant inheritance with the affected parents and
siblings.

22 mutations were recurrent (87.1% vs 41.5% 7 recurrent mut in French
cohort vs 78% 47 recurrent mut in Europe survey (164 families)

Two deep intron mutations: 14%.
Phenotype analysis:

Hypocalciuria or hypomagnesemia were not found in 10% of patients,
respectively.

Male patients had an earlier age of onset, more severe hypokalemia and
symptomes.

Correlation between genotype and phenotype:

Patients with homozygous and deep mutation in intron 13 (c.1670-191C>T)
had more severe phenotype.

Follow-up:

Approximately 5-6% patients developed CKD (III-V) or type 2 DM, respectively.



Allele-specific RT-PCR for the early detection of recurrent SLC12A3 mutations for GS

a)
= or able 2. ecurrent mutation-bas etection in clinica iagnos
- Table 2. R ion-based d ion in clinically di ed
@sy GS patients.
Fluorescence Dye Suencher Fluorescence D Cmenchion
el W Sy W No Sex Age [K'] [Mg?*] Ucascr Allele 1 Allele 2
TS T AT Unit Yeard mmol/L mg/dl mmol/
mmol
Signat 1 ’.}\ Signal 2 :}\
S el S\ 01 F 63 29 13 0.03 p.R959fs  p.R95Sfs
L ad B 1 ad 02 F 35 2.1 1.6 0.08 p.R642C p.T649M
Tty ey 03 F 24 3.0 1.7 0.02 p.T60M p.N442K
b) 04 M 36 1.7 1.6 0.06 p-w844Xx p.R959fs
L 05 M 24 3.2 1.7 0.08 p-R83Q p.R871H
= | M s e 06 M 19 17 1.9 0.03 p.T60M p.T60M
=8 - eter us
Ed g—— 07 F 32 28 14 0.02 p.R83Q c.2285
==
é 2 A No Template Control +2T>Ca
I . Ll o o 08 M 60 1.8 1.1 0.10 p.R83Q p.R83Q
@
- 09 M 22 2.8 1.3 0.07 c.1670- p.D486N
i 191CGT
°) 10 F 26 2.7 12 0.03 p-N442K p-R959fs
p.D486N p-T60M
FERmAmCNSS o 1 F 28 2.4 1.3 0.14 p.R959fs  p.D62G®
430000 0 (Positive Control) pa— Homo_zygous (Mutant)
® “"""'”°°“"“"”""‘°"“’ 2. M 18 1.9 1.5 0.02 p.T163M/p. p.D486N
s Selotoddce p— R871H
- = The mutations detected by direct sequencing.
F s = o Heterozygous The two bold values represent mutations which were initially not detected
§ §W by recurrent mutation-based mutation detection plate because both of
- them were not included in the recurrent mutations defined in this study.
e o e s Since only monoallelic mutation was identified in the two patients, other
(Negative Control) — Hotnazygdus genetic tests were conducted and the two SLC12A3 mutations were
nuee No Template Control (Wild Type) ¥ g
ﬁ (Negative Control) %ol identified.
= s @ g
e s e s s

Yan MT, et al. NPG Genomic Medicine 2021;6:68



GS without NCC and CLCNKB mutations

* A 38-year-old female had chronic hypokalemia and severe hypomagnsemia
accompanied by severe neuromuscular symptoms for more than 10 years.

® Plasma Normal range Data Urine Data
Hgb (13-16 gm/dI) 13.8 Na“ (mmol/l) 60
Na* (135-142 mmol/l) 141 K (mmol/l) 45
K* (3.5-5.0 mmol/l) 3.1 cr (mmol/T) 76
Cr (96-108 mmol/l) 96 P (mg/dL) 48.3
Total CaZ* (8.6-10.2 mg/dl) 9.8 Ca (mg/dL) 1.1
1P (2.7-4.5 mg/dl) 4.2 Mg (mg/dL) 8.6
Mg (1.6-2.5 mg/dl) 1.4 Protein (mg/dL) 45
BUN (6-20 mg/dl) 18 Osmolality mos/kg H20 432
Creatinine (0.7-0.9 mg/dl) 1.3 UUN (mg/dL) 501
Total Protein (6.6-8.7 mg/dl) 7.6 UA (mg/dL) 59.5
Albumin (3.9-4.9 mg/dl) 4.2 Cr (mg/dL) 82
& s &
SLC12A3 and CLCNKB mutations sequencing with different methods: negative &&ﬁ Qog‘r ‘\o@ﬁ @Qﬁ
MLPA for HNF-p mutation: heterozyous large deletion of HNF-1p. e =

SELE F P P
<

K161
* missense T nonsense }framsshih u in frame deletion



Late Onset of BS

A 32 y/o female was referred due to chronic hypokalemia,
nephrocalcinosis and CKD, stage IlI

Hx: nocturia for more than 10 years

BP 120/70 mmHg, HR 78/min

Lab: K 2.8 mmol/L HCO; 29 mmol/L Tca 10.1 Mg 2.1 mg/d|, Cr:
1.1 mg/dl, UA: 9.3 mg/dI

Urine: Na63 K20 CI73 Ca 8.2 Mg 3.0 Cr 23 mg/dl, Osm 234
Hormone: high PRA and aldosterone

Immune study and malignancy: negative

SLC12A1 encoding NKCC2 mutation
Y275X(taT>taA)

TTTGCTTTTGCT TGC GT GGCTGTTGCT TGTAAGTGGTGGGATTTGCTGAGA CTGTAGTAG TC TC

M | ,\“ H , | ‘ .| ’ h __ ( ’\ M |

R999H(cGt>cAt)

GTCTTTGAAGAGATGATTGAACCATATCGTCTCCATGA A GCTGCAAAGATTTAACAACT
3

A 36 y/o female was referred due to chronic hypokalemia,
hypocalcemia, and nephrocalcinosis for more than 10 years
Lab:
Na: 142 mmol/L K 3.0 mmol/L HCO5; 34 mmol/L Tca 6.98 Mg
1.76 mg/dl, Cr: 0.8 mg/dl, albumin: 4.0 g/dI,
Urine:
Na 17 K3.6 Cl14 Ca2.2Mg0.4 Cr15.5 mg/dl, Osm 89.4
Hormone: high PRA and aldosterone
Immune study and malignancy: negative

A 36-year-old female with Chronic Hypokalemia and Bilateral
Nephrocalcinosis Caused by ECNJ ! Encoding ROMEL

c.346_357del:p.116_119del

(WAt IE—— AT
D D

c.346_357del: p 116_119del f C358M C- 345 35?del p 116_119del

ECHIL:NR_000220




A Novel Hypokalemic-Alkalotic Salt-Losing Tubulopathy in patients with CLDN 10 Mutation

 Hypokalemic metabolic alkalosis with hypomagnesuric

Tubular s titium hypermagnesemia and severe hypocalciuria: A new syndrome?
fluid .
Claudin-19
@ Claudin-16 @ Table 2. Simultaneous Urine Indices and Serum Values
Serum Serum

FEna Potassium FEx Magnesium FEwg FEca TPR

Date (%) (mEQ/L) (%) Ugem TTKG (mEgQ/L) (%6} (%) (%)

1/3/94 1.6 2.8 33.6 - - 2.4 —_— —_ —
3/15/95 3.0 4.5 40.5 — - 2.5 5.2 — 77.2
8/8/95 1.8 2.4 31.5 345 7.3 2.3 3.8 - 725
8/11/95 0.5 2.9 39.8 325 12.7 2.7 3.2 0.08 74.2
10/26/95 1.6 3.4 484 372 10.5 2.6 3.6 0.09 88.9

Abbreviations: FE, fractional excretion; TTKG, transtubular potassium gradient; TPR, tubular phosphate reabsorption.

Mehrotra R, et al. AJKD 1997

 Two patients (M 15 and F 21) were initially diagnosed to have GS,
but without biallelic SLC12A3 mutations

* Hypocalciuria and hypomagnesuria with increased serum Mg

U

Extracellular

* Impaired urine concentration

e Pathogenic claudin 10 mutations affect TAL paracellular ion
transport and cause a novel ti%ht junction disease characterized
b?; a non-BS, non-GS, AR hypokalemic salt-losing tubulopathy
phenotype.

NH,

Intracellular

Claudin-10b

Bonger EMGH, et al. JASN 2017



Persistent and high Urine NaCl excretion and
exclusion of acquired or secondary causes

Acquired BS

Drugs:

Diuretics: surreptitious use of loop
Diuretics: on and off effect
Antibiotics: aminoglycosides, colistin
Chemotherapy: cisplatin
Autoimmune diseases: st ss, others
Infection: TB

Others: sarcoidosis

Acquired GS

* Drugs:

Diuretics: thiazides

Antibiotics: kanamycin

Chemotherapy: cisplatin, bendamustine
* Autoimmune diseases: SS, pSS, others

e Others: GU tract obstruction,
paraneoplasms




Hypomagnesemia, Hypocalcemia and Tubulointerstitial ' A S N
Nephropathy Due to Claudin-16 Autoantibodies.

JOURNAL OF THE AMERICAN SOCIETY OF NEPHROLOGY

METHODS RESULTS OUTCOME
An adult patient with acquired severe Hypomagnesemia in the patient was Plasma exchange and rituximab use was
hypomagnesemia,  hypocalcemia  and causally linked to autoantibodies directed associated with improvement in the
tubulointerstitial nephropathy with  rapidly against claudin-16, a transmembrane patient's glomerular filtration rate but
progressing kidney injury was investigated protein  that  controls  paracellular hypomagnesemia persisted. The patient
using in vitro and in vivo experiments. magnesium reabsorption in the  thick was subsequently diagnosed with a renal
ascending limb of Henle's loop. carcinoma, which expressed high level of

claudin-16 mRNA.

CLDN16

CONCLUSIONS

Pathogenic claudin-16 autoantibodies represent a novel autoimmune cause of specific renal tubular
transport disturbances and tubulointerstitial nephropathy. doi- 10.1681/ASN 2022010060




Tesng MH Pediatri
Nephrol 2025

Autoimmune Tubulopathy: A 16 y/o girl with distal RTA and
hypokalemia but ative genetic diagnosis by NGS
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How Rapid is “Rapid” to Detect Severe Dyskalemia

Detection of dyskalemia relies on laboratory tests.

Since cardiac tissue is sensitive to dyskalemias,
electrocardiography (ECG) may be able to uncover
clinically important dyskalemias before laboratory.

Even experienced clinicians frequently do not
recognize the ECG morphologic changes associated
with dyskalemias.

Using ECG-based DLM with large annotated data,
we successfully developed ECG-12Net to help
predict severe dyskalemia in seconds.

Normokalemia

Normal ‘
PR interval \ |

Prolonged
PR interval

Normal \
by Normal Radndiad. ij wave shallow
QRS normal-size ' proserd
T wave
Hypokalemia
: }
Slightly \ ST depression
prolonged
PR interval \ |
S“Q’””YJ I \ Prominent
peaked Shallow U wave
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Fig. 4-7. Electrocardiogram Changes with Potassium Imbalance
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Bloodless AI-ECG for the detection of Dyskalemia using
large annotated serum K*

within 1 hour

ECG
Time 1 1 : /i\

Val Test
cut end

|
line : ! ' 2016  Jul21, 2016 Dec 31, 2016
Blood Blood Blood
test test test 3,993 8,004
(6,407) (13,222)
ECG Lead block
dense unit (DU) on.
BN come HEms H cone H 255 H conv Inge

dense block

A: ECG12Net-1

output
11111
~
1x1x864
o For attention ...
111111 6a 11864 ©
1x160 Gense unit: 6 Gdx1x512 gense unn: 3 191084 ‘8
| pool pooling | | dense H pooling I | dense H BN | x w
6ax1x320 16x1x768 16x1x864 =
e e 2l 1z28xax192 32x1x544 %
| dense H pooling | | dense H pooling I '!_3
oo
ECG12Net
B Attention block
attention-1 - >
weighted
output-1
o~
attention-2
weighted
output-2 Linear

output
(ECG1ZNet-1)
Output
(ECG12Net-2)

true label

EMPNet (MLP)

attention-12

Sens (severe-hypoK): 95.6%
S 1z e (severe hyperK): 84.5%

Lin CS et al, JMIR Med Inform 2020



Visualization analysis for ECG12Net in selected

severe hypokalemia and hyperkalemia.
A [K*]2.3 c [K*19.1

o it p— Rate: 85 S—— —— Rate: 68
impo s n n n :

Al prediction: z:'sd' e b Al prediction: SRR.Sd_ 332

Lead QT: 496 Lead QT: 437

K'= 22 QTe: 590 K'= 75 QTe: 465

i - i Rate 86 o e i Rate: 98
— ‘ - - ‘

5 Al prediction: oRsa:  'os T — Al prediction: amss: 188

Lead Qr: 348 Lead Qr: 408

W K'= 25 QTe: a17 K= Z2 QTe: 521

ypoxalemia Unimportant Jyporkatemia ore: o 14 Hypokalemia Unimportant Hyperkalemia Axes_P: 52

Rhythm Axes_T: 22 Rhythm Axes T: 58



Comparison with Previous Studies

This study Galloway et al.
Sample size 66,321 1,576,581
Patients ED CKD, stage >lli
Blood K* Dyskalemia Hyperkalemia
Blood K* and ECG recording 1hr < ECG < 1hr <12 hrs
Prediction type Continuous Binary

ECG lead 12 leads 2 (LIl) or 4 leads

Hyperkalemia (K* > 5.5)

AUCs 0.911 0.853-0.883
Sensitivity 41.1-84.5% 81.3-84.0%
Specificity 96.0% 77.0-84.2%
Positive predictive value 26.9% 11.9-15.4%
Negative predictive value 98.5% 99.0-99.4%
Hypokalemia (K*< 3.5)
AUCs 0.750 NA
Sensitivity 49.6-95.6% NA
Specificity 81.6% NA
Positive predictive value 44.7% NA
Negative predictive value 85.0% NA
Human-Machine

Yes No

Competition




Bloodless AI-ECG K™ Helps Predict the Outcome
Black-Box Validation with outcome prediction after May, 2019

A

Point-of-care in 10 seconds

Patients visited ED of an academic
medical center (Neihu site) in study
period with ECG test

50,358 visits from 35,801 patients

Patients visited ED of a community
hospital (Tingzhou site) in study
period with ECG test

8,223 visits from 5,818 patients

| Usethefist ECGwithin 1h |

Input

BTV SPGR JEP

A A A A A A A

AN

Multisite prospective validation

Output Medical center Community hospital

ECG-K*

|
! !

Academic medical center Community hospital
39,448 visits from 29,418 patients 7,231 visits from 5,200 patients

I l |
| Laboratory K* measurement within 1h ‘

I
! !

Academic medical center Community hospital
34,803 visits from 26,499 patients 6,492 visits from 4,747 patients

Academic medical center

propartion (%)

mmolil.

proportion (%)
i

Tl

o]l

i

R

wE

]

»+] -

o]

] —

| —

| —
| ——
| —
| —
| —

| ———
™

o —
M=

-

H| =

i

I coox [l wek

34,803 ED visits 6,492 ED visits

Advantage in time Accurate and meaningful

ECG_K+ La b_K+ Faster 42.8122.5 mins

(Medical center)

<10 secs >30 mins Faster 34.1+18.8 mins
(Community hospital)

Advantage in outcome predictions

Sensitivity [TP/(TP+FN)]:
for severe hypokalemia: 93.3%/93.3%
for severe hyperkalemia: 93.8%/100.0%
Specificity [TN/(TN+FP)]:
for severe hypokalemia: 84.7%/85.4%
for severe hyperkalemia: 91.8%/92.3%
Area under ROC curve:
for severe hypokalemia: 0.9497/0.9194
for severe hyperkalemia: 0.9658/0.9865

Hypokalemia i Normal range " Hyperkalemia
' '

» Higher risk of adverse outcomes

More predictive

— Lower risk of adverse outcomes

NPJ Digital Med 2022; 5: 8 (1-12)



Rate: 84
PR: 147
QRSd: 108
Qn

Qre: 37
Axes P: 19
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Al Predication:
Ki<=25:90.9%
K:25+35:04%
K:35+55:00%
K:55~65:00%
Ki>=6.5:0.0%

Early Detection of Severe Dyskalemia and Laboratory Error

Case : A Young Male with Muscle Paralysis
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A 24 Y/O Male with Chronic Hypokalemia (GS) at OPD

LA N AR N A N A IS AR S A S A S A i) S

! |

i { |

#: 10.00 mm/mV 60~0.5-40H

Dev

Unimportant

Hypokalemia

%: 25 mm/sec INEI

Lead
Unimportant

Rhythm

10.00 mm/mV

Important

Hyperkalemia

Al prediction:

K =1.6~1.8

REKS | BRER [RRERERIRNRATA
(GLU(ER) | 120 mg/dL |74 - 100
BUN 15 mg/dL |1 -25
eGTR o

Stages
Creatinine 1.1 mg/dL  {0.7 - 1.2
Uric Acid 41 mg/dl 2.3 -17.0
Total Calci 9.6 mg/dL  [8.6 - 10.2
ST 3 uLoo|-40
ALT 37 U/L -4
Total g/dL - [6.6-8.7
AlD 43 gl B.S5-5.7
A/G 1.2 1.2-24
lVa L 135 mol/L {136 - 145
K L 1.6 mol/L 3.5 -5.1
1 100 mol/L |98 - 107

139 ng/dL 1.7 - 2.55

B4R 20/08/01
EARE 11h03m
i st
BEAA IR
Bz 2\

A 52-year-old: DM and CKD stage IV female
with laboratory hypokalemia (2.6 mmol/L)

Unisportant

Unimportant

Rate 57
Ingoant A 3 PR:

P aRsd 1%
Lead K25 00% ar 58
ot K25-35  00% e 8
K:as~55  00% t"';s N

K:55+85  03% . !
Rhythm hesT. 4

K:>=85 907%

Lab K: 7.1 mmol/L



TPP: ECG

H}’Perthyml.dlsm on heart A-ECG for Help Diagnose the causes of Hypokalemic Paralysis
Hypokalemia on heart
K Shift into cells TPP vs non-TPP

Rate: 90 Unimportant partat Rate: 90
Unimportant Important 2 b Ll o PR: 194
e Al prediction: PQ%Sd- ﬁ: Al prediction: QRSd: 118
Lead . QT 415 Lead NonTpp: 2065 i e
3 K'=2.2 QTc: 508 Unimportant Important qle:
Arxesp. 57 E— Axes P 57
s (/h es RS: -
Byt xz:'%s' i: RiSyENN Axes_T: 16

The ECG-TPP score defined as the similarity
. ] of ECG of typical TPP by DLM had the value
Hypokalemic paralysis of probability >50.0% with a sensitivity of
87.5% and a specificity of 69.2%.

60 mmol K* supplement

Lin C et al. J Endocrinol Soc 2021 Featured article and high-cited paper



Monitoring Serum Potassium Concentration in Patients with Severe Hyperkalemia:

the Role of Bloodless Al-Assisted Electrocardiography

9
Aged 218 years patients visited the ED of a single medical center receiving
Lab-K* in a period of 2.5 years 2
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Artificial Intelligence enabled Dyskalemia using Electrocardiogram (AIDE) alert
on potassium imbalance treatment: a pragmatic randomized controlled trial

Enrollment

Allocation

Follow up

Analysis

31 attending physicians in emergency department.

L

A

0 physicians: nc response
or declined to participate

31 attending physicians provided informed consents

l

15,289 patients visited our emergency department
with at least 1 ECG examination

Randomized

v

The total number of cared patients

(n= 7,638)

h

r

Exclusions (n = 132)

= Age<l8vyear; n=130
Patients received
potassium related
treatment before ECG;
n=2

7,506 patients supported by AIDE

Stratification by AIDE

ECG-dyskalemia

> System actively alarms

by short message.

ECG-normal

33

»
Physicians can review Al-

ECG report in EHR.

v

The total number of cared patients

(n= 7,651)

A

y

Exclusions (n = 168)

* Age<l8year;n=165
Patients received
potassium related
treatment before ECG;
n=3

7,483 patients received usual care

Stratification by AIDE

ECG-dyskalemia

A A

System actively alarms
by short message.

ECG-normal

»
*| Physicians can review Al-

ECG report in EHR.

[a)

Intervention (%)

RCT settings

 Emergency department in TSGH (~6 months)

« Al alert vs. usual care for physicians

* Primary endpoint: early treatment

ECG-hyperkalemia
HR (95% Cl):
2.23(1.44, 3.46)
Reference

T
1 2

hours

Nature Comm 2025 Lin C and Lin SH

ClinicalTrial.gov: NCT05118022

Cumulative incidence (%)

Intervention within 3 hours

Hypokalemia

Hyperkalemia

ECG-K" {(mmol/L)

Control

Intervention



Summary

* High urine K™ excretion rate did not indicate renal tubular disorders
* Diagnostic pearl: spot urine electrolytes (Na* vs CI-, divalents), PH, Osm
* To make genetic diagnosis after the exclusion of secondary causes.

* AI-ECG for early detection and monitoring of severe dyskalemia and previvor

prediction.

* AIDE alerts facilitate physicians for early intervention of hyperkalemia.
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