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Lab-Dyskalemia

Assessment of blood acid-base state and spot urine

electrolytes help identify the underlying causes of dyskalemia.

High urine K* excretion rate did not indicates renal tubular
diseases. However, urine Na* vs ClI- helps reveal the underlying

causes of hypokalemia.

24 hour urine with electrolyte excretion reflects therapeutic
course and help identify the co-existing K* shift and K* deficit

with balance analysis

To make genetic causes of dyskalemia should exclude other

identifiable causes.

Negative genetic diagnosis should think the possibility of

autoimmune antibody to target protein

Al-ECG Dyskalemia

Early recognition of severe dyskalemia, faster than

laboratory testing

Rapid exclusion of pseudodyskalemia to avoid

inappropriate management

Bloodless monitoring of serum potassium (K™)

changes during Rx of severe dyskalemia.

The identification of the underlying causes for

dyskalemia (HP, TPP paralysis, digoxin intoxication)

Prediction of adverse cardiovascular outcomes

(previvor).



Predicted probability of mortality
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Relationship between serum K*value and
mortality over an 18-month period?

Normal serum Hyperkalaemia >
K* range
3.5-5.0 mmol/L2

CKD (stage 3-5)°
HF®

DMP

30 3.5 40 45 2.0 9.5 6.0 6.5 7.0 15 8.0
Baseline serum K* level (mmol/L)



Simultaneous Hemodialysis and Cardiopulmonary Resuscitation
in Successfully Terminating Life-threatening Hyperkalemic
Cardiac Arrest

Elecoocardiogram (Lead 11)
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A 33 Y/O Male with hyperthyroidism presented
with palpitation and muscle paralysis
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Recurrent Paralysis in SPP
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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.
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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
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Visualization analysis for ECG12Net in selected

severe hypokalemia and hyperkalemia.
A [K*] 2.3 | c [K*19.1
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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 after May, 2019

A
Patients visited ED of an academic Patients visited ED of a community
medical center (Neihu site) in study hospital (Tingzhou site) in study
period with ECG test period with ECG test

50,358 visits from 35,801 patients 8,223 visits from 5,818 patients
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Academic medical center Community hospital
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Point-of-care in 10 seconds Multisite prospective validation
Input ECG12Net Output Medical center Community hospital
= "'; »
el ECGK: 0] [ 0]
34,803 ED visits 6,492 ED visits
Advantage in time Accurate and meaningful

ECG_K+ Lab_K+ Faster 42.8£22.5 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

Normal range | Hyperkalemia

— Higher risk of adverse outcomes

More predictive
—

— Lower risk of adverse outcomes

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



A Cross-system External Validation at CGMH (GE)
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Early Detection of Severe Dyskalemia and Laboratory Error

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

A 24 Y/O Male with Chronic Hypokalemia (GS) at OPD
Case : A Young Male with Muscle Paralysis
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53/F, ESRD
Time to HD: 1 h 46 min

19:55 ER arrival
20:05 Blood test
20:52 K: 9.1 mmol/L
20:57 VT, INCA, CPR
21:07 ROSC

21:41 HD

02:58 |ICU admission

Sad story!!

58/M, ESRD
Time to HD: 4 min

21:01 ER arrival

21:03 EKG
AlI-ECG K 7.2 mmol/L

21:05 To HD room

10:12 K:7.5 mmol/L
HD already!!

23:00 Discharge

Happy ending!!



Recurrent Hyperkalemia and Persistent ECG hyperkalemia Following
Parathyroidectomy with HBS

1st Episode
K*: 6.7 mmol/L | Total Ca2+58 mg/dL | lonized Ca?*: 2.83 mg/dL
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Lu A, et al. Best poster presentation in ASN 2024 Invited for
publication



WE 25 mmisec

Case: A Male with Extreme Hyperkalemia

* A47- year-old male , Height: 156 cm, Weight: 65 Kg
* Clinical presentation: intermittent dyspnea, lower limbs edema for days
No muscle cramps, weakness, paralysis, paresthesias, tetany
and no focal neurologic deficits

Other H> leukocytosis, Hyperkalemia (>9mmol/L) noted-> Refer to TSGH.
Rx: Lab: K* 9.1 mmol/L, hemodialysis, yes or no?

Dev BE: 25mmisec

Unimportant Important

Al prediction:
Lead K:<=25: 0.4%
Unimportant Important K:25~35: 28.6%
8% 10.00 mm/mV B8 10.00 mm/mv 60~0.5-40Hz STD-12 PHO80A P? _ K:35~55: 69.1%
Rhythm K:5.5~86.5: 1.8%

K:>=6.5: 0.0%
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mmol/L

(111) Help monitor serum K* change during Rx
[ Aged =18 years patients visited the ED or inpatient setting of ]
one tertiary medical center and five community hospitals
receiving Lab-K™* in a period of &5 years y
-
, + ,
Patients with initial Lab-K* =2.5 mmol/L
(N=856) . -~
™ | ~ - Absence of matched ECG-K* on ED arrival
- (N=443)
" ™y
. -y
Patients with Lab-K* =2.5 mmol/L and matched AI-ECG
(N=413) - —
- [ ~ - Matched ECG-K* =3.5 mmol/L
v (N=16)
' ™y
Patients with Lab-K* =2.5 mmol/L and - -
matched ECG-K* <3.5 mmol/L
(N=397) - -
- I - Interval of ECG-K* and Lab-K* =1 hr
- B or no follow-up measurements
- ~ (N=2086)
Patients with initial criteria and at least one follow-up paired “~ -~
Lab-K* & ECG-K* within 24 hr
(N=191)
Y, -
&
—&— Lab-K*—=— ECG-K*
n=43

<0 F:] ] 1z 16 Z0 Z4
Time (hours)
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Monitoring Serum Potassium Concentration in Patients with Severe Hyperkalemia:

the Role of

Aged 218 years patients visited the ED of a single medical center receiving

Lab-K* in a period of 2.5 years
(n=84332)

A

Patients with initial Lab-K* = 6.5 mmol/L
(n=354)

Bloodless

{ Absence of matched AI-ECG on ER arrival (n=6) J

y

Patients with Lab-K™ = 6.5 mmol/L
and matched AI-ECG
(n=348)

Math
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ced AI-ECG-K™< 5.5 mmollL (n=22) ]

y

Patients with Lab-K™ = 6.5 mmol/L and matched
AI-ECG-K™ 2 5.5 mmol/L

~N

(n=326) ) ‘['

Interval of AI-ECG-K" and Lab-K"™> 1 hr

or
up matched Lab-K™ and AI-ECG-K'< 2 sets

(n=250)

Follow-
y
\ ’L
Patients with 2 2 follow-up and matched Lab-K”™ &

AI-ECG-K™ sets during or after K-lowering treatment
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ECG-K*/Lab-K* (mmol/L)

3=
Pre HD
Case 1 Case 2
L —~ 9+ i 94
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TPP: ECG

Hyperthyroidism on heart . . .
Hypokalemia on heart Al-ECG for Help Diagnose the causes of Hypokalemic Paralysis:

K Shift into cells TPP vs non-TPP

CENTRAL ILLUSTRATION: The Interactions Between Thyroid Hormones and
the Cardiovascular System

Mrprtimson = (e Ophacton

(lmh'ﬂhn

L""“J

Unimportant Important PR: 194 .
Rand, . et L A Cel Cardiol 2018:71(16)1781-96. B ] Al prediction: QRSd: 118 Unimpatant Important Rate: #o
: PR: 194
tand a2 gr 415 B Alprertiction: QRsd: 118
: ; ; =2 QT 508 . 2
Hypokalemia Unimportant perkalemia i Lead 'l'"-uufo. 75.4% QT 415
TX::-:'& iz Unimportant Important il ot QTc: 508
Rhythm Axes T 16 Axes_P: 57
= hyth Axes RS:  -16
Rhythm AxesT 16

60 mmol K* supplement

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

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



» 86-year-old female with intermittent desaturation and bradycardia for about 2 days

 Past history:
« VHD with moderate to severe MR (LVEF 53%)

» Persistent atrial fibrillation with rapid ventricular response, CHA2DS2VASc 5 on digoxin
treatment, amidarone

* Type 2 Diabetes mellitus
To MER: TPR : 36.8/45/17 BP : 140/64, Sat; 90% on O2 mask

Rate: 56
PR: NA i Rate: 56
QRSd: 72 PR: NA
QT 299 QRSd: 72
i . am
Axes_P: N:.\ j j “ ; Axes_P: NA
Axes_QRS: 42 | | [7] Axes_QRS: 42
Axes_T: 229 ] Axes_T: 229
Al Predication: . AlPredication:
K*=6.2~6.6 ’ gmmm  Digoxin toxicity
_ ~ Normal: 1.0%

i
i
i
i
: z
: .

Dev P: 25 mm/sec BREL: 10.00 mmymV AEd: 10.00 mm/mV 60~ 0.5-40 Hz STD-12 PHOBOA P17
Unimportant ~ Important el =
pol 5
" — e A predicti oRss 72
Rate: 56 d Digoxin toxicity: ~ 99.0% T ' 299
Unimportant Important PR: NA Lea Hormat: 205 QT. : 289
* Al prediction: 8$Sd: 2;3 Unimportant _______________Importa nt Sx:;s_P: NA
ea ! I Axes RS: 42
) ) ) K" =6.2~6.6 QTe: 289 Rhythm AxesT: 229
Hypokalemia Ummionam ﬁemhmna Axes P: NA -
AxesRS: 42
Rhythm AxesT: 229

Lab K** 5.9 mmol/L Serum digoxin level: 4.5 ng/ml
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Enrollment

Allocation

Follow up

Analysis

24

(V)

Artificial

Intelligence

enabled

Dyskalemia using

Electrocardiogram (AIDE): a pragmatic randomized controlled trial

31 attending physicians in emergency department.

0 physicians: nc response
or declined to participate

31 attending physicians provided informed consents

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

Randomized

v

v

The total number of cared patients

{n=7,638)

The total number of cared patients

(n= 7,651)

4

Exclusions (n = 132)

*  Age<18vyear; n =130

* Patients received
potassium related
treatment before ECG;
n=2

A

y

Exclusions (n = 168)

*  Age <18 year; n =165

* Patients received
potassium related
treatment before ECG;
n=3

7,506 patients supported by AIDE

‘ 7,483 patients received usual care

Stratification by AIDE

ECG-dyskalemia

> System actively alarms
by shart message.

ECG-normal

ECG report in EHR.

»
*| Physicians can review Al-

Stratification by AIDE

ECG-dyskalemia

> System actively alarms
by short message.

ECG-normal

h 4

ECG report in EHR.

Physicians can review Al-

"

Intervention (%)

RCT settings

« Emergency department in TSGH (~6 months)

» Al alert vs. usual care for physicians

* Primary endpoint: early treatment
ClinicalTrial.gov: NCT05118022

ECG-hyperkalemia

HR (95% CI):
2.23 (1.44, 3.46)
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Timely vs Delayed K*-lowering therapy and 90-day mortality
events, stratified by AI-ECG hyperkalemia: A Target Trial
Emulation.
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Artificial Intelligence-enabled Electrocardiography for
Predicting Dyskalemia using Home-based ECG
Devices
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" Methods

Single center outpatients from HD room and CV section
since Sep 1% 2021 to Aug 31* 2023

(n=958)
i0id not receive portable 12-lead ECG
:: (n=632)
@ 0T Medical
Patients who received protable12-ead ECG
326 pavents
3595 ECGs
(1) Accuracy Analysis (1) Survival Analysis
12-ead ECG with Lad-K" test in 7 days 124ead ECG without maiched Lab-K"
27 patients 209 patents
1326 ECGs 2627 ECGs
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WEEKH

Cl A L4 A 4
:

KIDNEY

JMIR Med Inform. 2020 Mar; 8(3): e15931
JAMA Cardiol. 2019 May; 4(5): 428-436 WEEKH




- = Patient 1 Patient 2

Apple watch Apple watch
Unfiltered — Filtered Unfiltered — Filtered
QOCA ECG102D QOCA ECG102D

AN NN\ A

Unfiltered — Filtered Unfiltered — Filtered
Philips TC series Philips TC series
—— Filtered —— Filtered
K'25.5 mmol/L K K* 2 5.5 mmol/L E
1.00 %] MAE =05 2% MAE =04
r=0.25 . r=021
E 0.75 - E o .::.. ‘-..- - E o
: o |1 | ~idi :
] - N | B g Aate .0.. '5. -4
g 050 g *] ol MY @
& 4 IR u.'
0.25 2 . EJEN
PPV
0o0y, _ S 0.00{ NPV 100 kS
000 025 050 075 1.0 b\é 5 5 © 1,\; 000 025 050 075 100 » LN LI

Specificity Crotnd trith Specificity Grourd truth



BRxR BERZ

BT ATES RS —

FERILE

BEZEcmiNE(FRIE

S [E fR1E

% {58t B

BE=EZET

4

BlEEamiE(FRIEKE)

B10T medical/EiEa {F No. 16/910,035 ; 2020.6.23
#%FPhilips 12-Lead ECG (PHO80A)
B
TREESEARL B RS
@ a7 Medical Y BT 1r7a6427

QQ mamn
~== Quanta Computer

E=R/#hE

™ TW.109108808.A

us US.20201691003

RBIRU% € F 2 ¥

EEl iLn

FE

8% V\/ e B 5 7 1 3¢

[nnovators

N -zzm=x

UIE S ME B R O e

®EE 1732489 ¥

® B & W EACBRUE GO T RN 2 AR R
® A om A EDERR
® B\ A:HEL: HIE -

“RMOM : (520214 7 F 1 F% 20404 3 H16H 11

FEABEAND b 1E

PR 4

6

TSGH NEP



	投影片 1:  Dyskalemia: From bedside to AI-ECG 
	投影片 2:     Lab-Dyskalemia                        AI-ECG Dyskalemia 
	投影片 3
	投影片 4: Simultaneous Hemodialysis and Cardiopulmonary Resuscitation in Successfully Terminating Life-threatening Hyperkalemic Cardiac Arrest 
	投影片 5: A 33 Y/O Male with hyperthyroidism presented with palpitation and muscle paralysis 
	投影片 6
	投影片 7: How Rapid is “Rapid” to Detect Severe Dyskalemia
	投影片 8: Bloodless AI-ECG for the detection of Dyskalemia using large annotated serum K+ 
	投影片 9
	投影片 10:  Comparison with Previous Studies 
	投影片 11: Bloodless AI-ECG K+ Helps Predict the Outcome 
	投影片 12: A Cross-system External Validation at CGMH (GE)
	投影片 13
	投影片 14
	投影片 15
	投影片 16
	投影片 17: Case: A Male with Extreme Hyperkalemia
	投影片 18: (III) Help monitor serum K+ change during Rx 
	投影片 19
	投影片 20: Monitoring Serum Potassium Concentration in Patients with Severe Hyperkalemia:  the Role of Bloodless AI-Assisted Electrocardiography 
	投影片 21
	投影片 22
	投影片 23
	投影片 24
	投影片 25: Timely vs Delayed K+‐lowering therapy and 90-day mortality events, stratified by AI-ECG hyperkalemia: A Target Trial Emulation.
	投影片 26: Artificial Intelligence-enabled Electrocardiography for Predicting Dyskalemia using Home-based ECG Devices
	投影片 27
	投影片 28

