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Same initial snapshot, entirely different decision contexts
HEEANMATRER » WATERYREIRER

SAME INITIAL
SNAPSHOT Pyoneghiis)
Age 72 € (’
MAP 58
Lactate 4.2
PCT 6

Clinical Blueprint

A biomarker is a snapshot; estimating treatment effect requires an evolving state

EMRERRRE ; SIHARMRBEDHENRERE

Evolving Patient State
(A RS

Static Snapshots
(AR

MAP: Mean Arterial Pressure (F4JB)BfM) | PCT: Procalcitonin (RS )

“Equal predicted risk does not imply equal treatment benefit”
HEERTERIER # HHEA AR

RISK / EF& TREATMENT EFFECT / 438

(Fluids)

~ 40%
o Predicted N (Vasopressors)
Risk

GPS Traffic Warning (Urgency) Navigation Map (Efficacy)
GPS EBHIW (Rait) WAL (BOHXES )

WAIRE Al fRiB17E) i’lﬁ’]ﬁﬂﬂﬁfi’kﬂ ‘
+ &iﬁ + FREE (Clinician Judgment / Override) REEATIE

MRRNFRIE  wp  WHASNR ) ARG

(Silent Validation) (Assisted Pilot) (Comparative Evaluation)

EIEEME R # WIERNORE N




Same initial snapshot, entirely different decision contexts
HEEFIIATRER » AR EIBYRRARAR

SAME INITIAL

’ " Pyelonephritis]

(Preumria | sNaPsHoT @
> Age 72
=

MAP 58 mmHg

Patient | (CKD+ i [ Norea) 'Patient
B ‘ HFrEF Tﬁl Lactate 4.2 mmol/L }g cardiac I W BER
\ > 1§ function

PCT 6 ng/mL

Volume

deple}ed] ‘ h@‘. S
18 { v ZL)R Positive]

BN \,;Already received
| 15Lfluid

40%
7 Predicted ¥
Risk




The same biomarker value means completely different things in different populations

HENEMTECHE » EARGRETNEREAT

( CIRRHOSIS (L) W

External cirrhosis-specific

meta-analysis
‘ @(7 * pooled AUROC 0.92
* proves retained diagnostic
information, not a universal
cutoff

[( OLDER ADULTS (&88%) \]
No universal age-specific cutoff.
No independently validated age-specific

| diagnostic cutoff in this guideline l

(_ HEMODIALYSIS (i #i5#7) )

Sensmwty vs Specificity

Gﬁzl D’é Lower and higher cutoff ranges ’\

trade sensitivity for specificity.
* do not extrapolate to all CKD I

Lee et al., AJEM 2025 GRADE-based PCT Guideline

PCT: Procalcitonin (F#£53 /&) | CKD/ESRD: Chronic Kidney Disease / End-Stage Renal Disease (1814 & fi#5/A& B Es)
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Clinical context changes the real-world cost of a diagnostic error

ERpRTAiReNE T B E R RSN RN B ENE

False-Negative Hazard False-Positive Hazard

{ERpeMtEfEE B4R E '
Jlr= J

)z‘)si

A\ . Febrile ‘ Post-Gl surgery
endocarditis neutropenia /to\ (& :




30 mL/kg is a starting line, not the finish line
30 mL/kg BB FFAYEEIRES - MIELLEE

Source (e.g., SSC 2026) ZJEHAZ (40 SSC 2026)

Conditional starting point,
not a complete strategy

B RPEROEERRS 5
mIEFEERAIE B SR ES

Low-Certainty
| Evidence

| R

S

&
v&/



Vasopressor timing estimates wildly fluctuate when ‘time zero’ changes

E TR o8 > ABRENEREmEIRSHBLR

OR=1
(No Effect)
!

|
OR=0.81(0.17-4.01)

OR=0.64 (0. 48 0.85) |

- —e—i
: l
OR=0.70 (0.60-0.82)

OR 0.1 0.5

‘ Time Zero:

% ED Arrival

/\* (IEER) ™

1‘ Time Zero: &

Shock Defined
f (RAKEEE) 7

/‘ Time Zero: .

First Fluid

f (BREE7K) )

[ The Time Zero Chaos (REGHIEEREFEHAILIR) ]

Source: Ma et al. 2025
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E R RIFEHNEZ I ERR R0 R 5K SR g

\E‘J&ACEP 2026152 K HFIESRD bt /

FEABERILRAR

= — RRNEERE

RNRBER
FENREREE =/ AR

TREHEm

(Uncertainty Cloud)

Counterfactual Fork

LAY
-’

Patient A Patient B
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“Equal predicted risk does not imply equal treatment benefit”
MERBFERE RS # AERY S E RS
RISK / &

\\

\ 2

O  10%

~
4 Predicted Y
Risk

200 n b

GPS Traffic Warning (Urgency)
GPS ZEFRE (E=M)

TREATMENT EFFECT / ja EER &

& Strategy A
(Fluids)
B // 4

L u a :V:L:)/ yﬁ
(Vasopressors) [

Navigation Map (Efficacy)
1IEh38 A ( BBEME )

M Gemini Notebook




Prediction sees one observed path; causal ML asks about the missing alternatives

88l vs IR ML 7858 vs IR ML : KENREET EREHE

o e
O, 2

od E j Strategy A

AN B e

Q
— 8 — 3l
Decision -S;;ggy B
Node (The Missing
Counterfactual)
Predictive ML sees one observed path Causal ML asks about the missing
(Watching a movie) alternatives (Choose your own adventure)

AR B S C R ERIRE ER ML REXZNRSFE
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The EHR contains two entirely different biases requiring different statistical remedies

EHR S5 R9E A TR B E& R R

Confounding by indication 1 ( Collider bias ]
() @
Inclusion /
I I Survival
Al BRUAREERA (BEETE) FEEESHESR (HEEERR)
\ J J

e



The Gold Standard Causal Pipeline
(KFC H2ELRR ML EGAL B 2E)

Data Preprocessing Causal Identification CATE Estimation Diagnostics Causal Distillation
(WIETE) (ERSRRB) (CATE f&&t) (I%wﬁﬁ) (BreR#EqL)

ccccc

/—\

“'E'i;‘@ .'£'='9'

20 4

Rigorous clinical deS|gn precedes flexible estimation (E:EERFR:R 51558 1At

CATE: Conditional Average Treatment Effect (f [&) | Auto-IV: Automated Instrumental Variable (&) T 28§



EREL (1/2) : BEEMNERKRRHEAR EENERE
Dual-Track Assembly Line
Clinical Protocol

1. 1R5EE AR 2. RIRER R
(Target-Trial Emulation) (Problem Formulation)
5. skBIAPI
. ) (IDENTIFICATION
Data Engineering GATE)
3.BURTRE 4, ERAIED l—
(Data Engineering) (Pre-causal Diagnostics) |—

EIERGEIRR) > 17354 788HE (PROTOCOL LOCK BEFORE MODEL SELECTION)

M Gemini




Target Trial Emulation contract
BiRalBEREZOAER

R ESTIMAND T
( (BEEEH ) |
WHAT ey
A Y_g}g (Strategy A vs B) ——_iafgi _______ >
_________ Strategy B
— el —— %
G WHEN -+ OUTCOME
O amesrm) @@=
& TIME ZERO

Define the explicit clinical contrast before choosing the algorithm

REFEEER > WA RBRRERERAR Y EESZAY

™ Gemini



ERELR (2/2) : B APIREEET - BEsEMAZEE

5. sRUAPT 6. IRENfhat 7. CATE f&zt 8. REMIRER 9. SSERERERE 10. EIRZEHY
> |(IDENTIFICATION =»| (Nuisance (CATE (Heterogeneity (Diagnostics / (Causal
GATE) Estimation) Estimation) Testing) Validation) Distillation)

ST

= ENIER BEN B FTIVRE - BEEEIER RN SENE

LY



State representation generates hypotheses; it does not prove Causal Average Treatment Effects

RBARYGEEERSR - EETEERFEANHZER

CATE

Computed Phenotype Clusters
(ERFR{RERAELESR)

CATE: Conditional Average Treatment Effect ({&{4F9{E ;& E XL E) ]




mIE FEAERERRE)

Max1 HEF

&

| CATE RYES : & TTEHRA

Patient A »

——
=

=

R R B FHAEL
REARPREERSH

R o

SAME RISK # SAME
EXPECTED BENEFIT.

| <« Patient B

Patient B »>

|
M



/

; R A >
(Recommend Strategy A)
Lol
Patient A / Wewgnf%gf‘rag&gy B)
T | ETEKEER >
:» 3 (Reassess)
Patient B

-

Y2 FARNERERRIES  ERABMEIENFEESR |




FREH | CGRD B4 k5 Causal ML E:&5 491 (Slide 25)

r

CGRD #3738 TMLE {45t

N = 2,789 BIREEE Cohort

EE&ER]4S | Train: 1,562, Valid: 390,
Test: 837

Class 2 (FPHA#EK > 40 mL/kg + HEEfER
FEEE) vs. Class 0 (Usual Care)

1

%

Group 4 (¢] 9
TMLE ATE = -0.0594 (p < 0.05) GATE =-19.62% GATE = -17.31%
(p =0.0276, N=116). (p=0.0262, N=118).
(f/)VRIETF ~ RIEFHE (f/)VRIEE B RAMEE)
ER RIS E R IR A A R eMn gl o
MEGKE B PEIEIE 5.94% ROMBEIFEC R | SR AR
20% RIMBEHAETF AR !
- J % J

\

E R REHE (Causal Distillation Tree)

Root Node
Platelets_count < 121.5k

PT < 14.65s Hb < 9.75

Arterial pH < 7.292
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Clinical Blueprint

A biomarker is a snapshot; estimating treatment effect requires an evolving state

EMRCARIRE ; GsHARMREEDEIRERE

Evolving Patient State

(B RERIERAR)

Static Snapshots

(FRAEETRER)
@ P © > (T}'} >
PCT Lactate MAP

MAP: Mean Arterial Pressure (F¥3&iR/) | PCT: Procalcitonin (F#£55K[R)
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Resuscitation is an endless sequence of interconnected decisions

BER—ERXHRBRERRR

Fluids alter congestion & pressure 1

7K B2 7 10 B2 1 [ERHA RE

52{E2H (Rein

cyéﬁt Learning, RL)

/

Vasopressors alter perfusion & fluid tolerance

FER R R R E
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FEI Al SRERTEIEMERER] - AT TRERRIEETE) R2RAPEE
r—P'ﬁ

AREE(t) — 178h(t) —> RIE(t+1) @

R e/

OPE 22}

(The OPE Safety Funnel)

*AROER

‘ (Confounding)

/ ”i////ﬂ (gzﬁtﬁ)
1548 © (EHBL )

Ek

\ B8 © R

AIRBTTENZHF
& ‘(lelted Support) >

[mmﬁﬁmmamﬁnﬁmaWﬁa

(Candidate for silent/prospective study)

M\ ERARTEE = BERENT » BFRERARITT

OPE: Off-Policy Evaluation (Ef#25B&5T4d) | RL: Reinforcement Learning (321E5 %) P,



3 NotebookLM

A
@

44 NotebookLM = (-

EIEE’Jﬁ)\?*‘BEzE.'E r)\;‘éﬁﬁé Al B97[E Z 45

~

ERIRRE AI @iiﬁﬁl ﬁﬁiﬁﬁﬁﬂ@iﬁﬁﬁﬁﬂﬁ

+ BiEiE + AFEEMN (Clinician Judgment / Override) EREA TS
= % @O D
0% o238
\S i J, . J . J, " J
EEEREE =) HEASNE 0 )  AURRIEHLEEEE
(Silent Validation) (Assisted Pilot) (Comparative Evaluation)

ElREIERIF # BHIENEE NS -



fRAERUITE Al 48R FRRIRVAR RS

Patient A \ \ \ 7 \
[@j DETECT UNDERSTAND‘ COMPARE ADAPT PROVE

/5l + HREEEN BENEAR FEX  AENERRK
EPiRe RERE  BHEES  AIFERER  BEXE

il HERBERE  FARERT—P178 o
W EETEHHN Al BB ZRF o

Patient B
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Email Handout
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