S1. Model Performance
a. Overall Performance (3 runs)
	Model
	AUC
	accuracy
	sensitivity
	specificity

	Non-stationary Transformer
	0.644
	0.671
	0.308
	0.812

	TimesNet
	0.673
	0.567
	0.740
	0.499

	Informer
	0.681
	0.722
	0.122
	0.956

	PatchCTG
	0.691
	0.633
	0.643
	0.628

	TimeLLM (Llama-1B)
	0.756
	0.745
	0.387
	0.884

	Moment
	0.758
	0.744
	0.523
	0.831

	TimeLLM (Llama-3B)
	0.763
	0.750
	0.332
	0.899

	Conv-PatchCTG
	0.773
	0.738
	0.610
	0.787

	TimeLLM (Llama-8B)
	0.782
	0.762
	0.438
	0.888

	Mantis
	0.804
	0.789
	0.525
	0.892

	Llama-1B (text)
	0.809
	0.778
	0.581
	0.870

	NeuroFetalNet
	0.811
	0.715
	0.708
	0.717

	1D SE-ResNet
	0.824
	0.770
	0.704
	0.796

	CL-embedding
	0.833
	0.808
	0.615
	0.894

	Llama-1B (CL-embedding)
	0.834
	0.808
	0.622
	0.880

	Llama-3B (CL-embedding)
	0.837
	0.811
	0.624
	0.883

	Llama-8B (CL-embedding)
	0.843
	0.782
	0.654
	0.870

	Llama-8B (text)
	0.849
	0.815
	0.654
	0.878

	Llama-3B (text)
	0.852
	0.816
	0.683
	0.860

	GPT-5o-mini (Comprehensive)
	NA
	0.366
	0.909
	0.155

	GPT-5o-mini (Simple)
	NA
	0.398
	0.800
	0.243



b. Performance with Limited Data (3 runs)
	Model
	AUC
	accuracy
	sensitivity
	specificity

	TimesNet
	0.628
	0.695
	0.178
	0.896

	Informer
	0.629
	0.710
	0.120
	0.940

	Non-stationary Transformer
	0.632
	0.438
	0.855
	0.275

	PatchCTG
	0.646
	0.454
	0.864
	0.295

	Conv-PatchCTG
	0.654
	0.627
	0.533
	0.664

	NeuroFetalNet
	0.678
	0.733
	0.221
	0.933

	1D SE-ResNet
	0.683
	0.718
	0.410
	0.837

	TimeLLM (Llama-1B)
	0.708
	0.728
	0.154
	0.951

	TimeLLM (Llama-3B)
	0.713
	0.732
	0.179
	0.947

	TimeLLM (Llama-8B)
	0.713
	0.726
	0.120
	0.963

	Moment
	0.731
	0.739
	0.296
	0.912

	Mantis
	0.753
	0.758
	0.452
	0.876

	CL-embedding
	0.758
	0.772
	0.484
	0.775

	Llama-1B (CL-embedding)
	0.770
	0.759
	0.479
	0.869

	Llama-3B (CL-embedding)
	0.774
	0.766
	0.387
	0.914

	Llama-8B (CL-embedding)
	0.787
	0.768
	0.488
	0.878

	Llama-1B (text)
	0.790
	0.766
	0.547
	0.850

	Llama-8B (text)
	0.793
	0.673
	0.424
	0.922

	Llama-3B (text)
	0.800
	0.782
	0.550
	0.868



c. Performance with absence of UA (3 runs)
	Model
	AUC
	accuracy
	sensitivity
	specificity

	Non-stationary Transformer
	0.627
	0.416
	0.869
	0.239

	Informer
	0.628
	0.722
	0.025
	0.993

	TimesNet
	0.643
	0.669
	0.351
	0.792

	Moment
	0.665
	0.280
	1.000
	0.000

	PatchCTG
	0.666
	0.561
	0.692
	0.510

	TimeLLM (Llama 1B)
	0.709
	0.728
	0.392
	0.859

	TimeLLM (Llama 3B)
	0.728
	0.742
	0.322
	0.865

	Conv-PatchCTG
	0.731
	0.589
	0.607
	0.582

	Llama-1B (text)
	0.734
	0.755
	0.358
	0.919

	Llama-3B (text)
	0.749
	0.768
	0.447
	0.892

	Mantis
	0.751
	0.763
	0.514
	0.859

	Llama-8B (text)
	0.756
	0.762
	0.485
	0.870

	TimeLLM (Llama 8B)
	0.767
	0.761
	0.460
	0.876

	Llama-1B (CL-embedding)
	0.773
	0.764
	0.601
	0.827

	NeuroFetalNet
	0.777
	0.662
	0.765
	0.622

	Llama-3B (CL-embedding)
	0.788
	0.776
	0.562
	0.859

	CL-embedding
	0.794
	0.782
	0.580
	0.861

	Llama-8B (CL-embedding)
	0.800
	0.782
	0.533
	0.879

	1D SE-ResNet
	0.815
	0.769
	0.636
	0.821



d. Performance with temporal shuffling (3 runs)
	Model
	AUC
	accuracy
	sensitivity
	specificity

	Non-stationary Transformer
	0.533
	0.280
	1.000
	0.000

	TimesNet
	0.551
	0.466
	0.719
	0.367

	Informer
	0.577
	0.702
	0.175
	0.907

	Moment
	0.618
	0.071
	0.112
	0.937

	Llama-1B (CL-embedding)
	0.664
	0.691
	0.384
	0.810

	PatchCTG
	0.664
	0.457
	0.851
	0.304

	TimeLLM (Llama-1B)
	0.674
	0.721
	0.305
	0.894

	1D SE-ResNet
	0.675
	0.454
	0.863
	0.295

	Conv-PatchCTG
	0.676
	0.617
	0.619
	0.617

	TimeLLM (Llama-3B)
	0.677
	0.719
	0.280
	0.906

	TimeLLM (Llama-8B)
	0.679
	0.731
	0.375
	0.863

	Mantis
	0.705
	0.712
	0.501
	0.794

	NeuroFetalNet
	0.712
	0.507
	0.844
	0.375

	Llama-3B (CL-embedding
	0.730
	0.648
	0.701
	0.633

	Llama-8B (CL-embedding)
	0.738
	0.735
	0.541
	0.810

	Llama-1B (text)
	0.771
	0.760
	0.521
	0.853

	Llama-3B (text)
	0.797
	0.782
	0.574
	0.867

	Llama-8B (text)
	0.813
	0.790
	0.621
	0.857

	CL-embedding
	0.816
	0.770
	0.679
	0.805



S2. Prompt Template
Screenshot of the prompt template used for evaluation of GPT-5-mini with 1-shot prompting with ‘Medium’ reasoning.
Detailed Instruction (screenshot 1)
[image: ]
Detailed Instruction (screenshot 2)
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Simplified Instruction (screenshot)
[image: ]
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"role”: "system",

"You are an expert obstetrician analyzing antepartum CTG (FHR + TOCO) recordings.\n"

“INPUTS:\n"

"~ FHR and TOCO arrays sampled at 1 Hz (up to 60 min). Arrays may be padded; missing/invalid = -1 or 0.\n"
- Provided helper stats: an estimated fitted baseline (may be inaccurate), and overall min/max FHR.\n"

- Optionally, gestational age weeks (GA). If GA is missing, assume GA 232 weeks for accel thresholds.\n\n"

“GENERAL RULES:\n"

Ignore padding: trim the record to the last non-missing sample of either signal.\n"
Treat -1 and @ as missing; compute signal loss (%) as missing/total on the trimmed record.\n"
All computations exclude missing samples.\n"

If critical information is ambiguous or conflicting, classify as 'unsure'. Do NOT guess.\n"
"_ Qutput must be STRICT JSON (no extra text), using the exact keys and data types below.\n\n"

"DEFINITIONS (1 Hz implementation):\n"

« Baseline FHR: predominant level around which fluctuations occur. Fit it robustly (e.g., rolling median "
and/or trimmed mean over 6@ s), ignoring missing data and excluding obvious decelerations/accelerations.

« Variability (reported metric): use long-term variation via minute ranges. For each complete minute, compute "

minute_range = max(FHR) [] min(FHR), excluding identified deceleration segments in that minute. The reported "

‘variability’ value is the rounded mean of these minute ranges over the record (bpm).\n"

Acceleration (15§15 rule): rise 215 bpm above baseline lasting 215 s, returning toward baseline.\n"

For GA <32 w (if provided), also count 16§10 (210 bpm for 210 s).\n"

Deceleration: fall 15 bpm below baseline lasting >15 s. Count each distinct event.\n"

Lost beats (per deceleration): sum over the deceleration seconds of max(@, baseline [] FHR_t), then divide by 60 "

to approximate beats. Use this to flag large decelerations.\n"

« Episodes of low/high variation (minute-level): mark a minute as 'low variation’ if minute_range <5 bpm;

*high variation' if minute_range >10 bpm. An 'episode’ is 25 of 6 consecutive minutes meeting that state.\n"

Cycling present: at least one transition between low-variation state and high-variation state with >3 minutes in each.\n"

Sinusoidal rhythm (suspected): smooth, regular oscillation with amplitude ~5J15 bpm at ~3[5 cycles/min, "

sustained 230 min with absent accelerations. If present, report duration (min) and set flag true.\n"

Contraction (TOCO): a rise and fall forming a hump; operationally, a local increase >1@ TOCO units above

recent baseline. A decel is 'contraction-coupled’ if its onset is within [30 s to +60 s of the contraction rise/peak.\n"
« Reactive NST: within the first 20 minutes, if GA >32 w (or GA unknown) there are >2 accelerations (15M15). "

" If not met by 20 min, reassess by 40 min, then up to 6@ min. For GA <32 w, use 16{10.\n\n"

"STEP-BY-STEP REASONING TO APPL
1) DATA PREP & SIGNAL QUALITY\n"

" - Trim padding; compute recording length (min). Identify missing samples; compute signal loss_pct.\n"

- If signal loss_pct >30%, keep analyzing but note poor quality.\n\n"

"2) BASELINE FIT\n"

" - Use the baseline provided\n"

- Note baseline category: 11¢J160 bpm considered normal antepartum; <110 bradycardia; >16@ tachycardia.\n\n"

"3) VARIABILITY (MINUTE-RANGE LTV)\n"

" - Compute minute ranges excluding decel segments; report mean (rounded) as 'variability'.\n"

- Identify episodes of high and low variation per the definitions.\n"

- Determine if cycling is present (state transitions lowshigh).\n\n"

"4) ACCELERATIONS\n"

" - Count 15{15 accelerations (and 16{10 if GA <32 w provided). Use the fitted baseline.\n\n"

"5) DECELERATIONS\n"

" - Count decelerations (215 bpm for 215 s). For each, compute lost beats.\n"

- Record decel_lost_beats_max and the count in the 21100 range; set any_decel_over_100_lost_beats if any >100.\n"
- Mark decels that are contraction-coupled.\n\n"

"6) SINUSOIDAL RHYTHM CHECK\n"
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6) SINUSOIDAL RHYTHM CHECK\n"

- If suspected and sustained >3 min with absent accelerations, set flag and duration.\n\n"

7) REACTIVE NST LOGIC\n"

- Evaluate reactivity (as defined) using the appropriate accel thresholds by GA.\n"

- Record time_to_meet_criteria_min if met; otherwise criteria met within_66min = false.\n\n"

'8) INTEGRATED ASSESSMENT\n™

- Classify 'healthy’ ONLY if ALL are true:\n"
« Baseline 1101160 bpm AND baseline fit_uncertain=false\n"
« variability (mean minute-range) within expected bounds (=525 bpm) with evidence of cycling OR at least one high-variation episode\n”
« reactive nst=true OR accelerations present (>1 if GA unknown)\n"
« no sinusoidal rhythm\n"
« any_decel_over_100_lost_beats=false\n"
« If recording <30 min: no decel with lost beats >20; If 230 min: <1 decel with 21100 lost beats\n"
« signal_loss_pct <30%\n"

- Otherwise, classify 'unsure’.\n"

- Populate unmet_criteria with reasons from this enum subset only:\n"
[\"basal_hr_out_of_range\",\"baseline_fit_uncertain\",\"no_high_variation\",\"no_cycling\",\n"
\"no_accelerations\", \"reactivity_not_met\",\"sinusoidal_suspected\",\"large_deceleration_over_160\",\n"
\"too_many_moderate_decelerations\",\"signal_loss_high\"]\n\n"

OUTPUT (STRICT JSON; numbers are numbers, booleans are booleans; use null for unknowns; do NOT add extra keys/text):\n"
{\n"

\"healthy\": \"healthy\" | \"unsure\",\n"

\"acceleration count\": integer, # total 15K15 accels (GA232 or GA unknown)\n"
\"deceleration count\": integer,\n"

\"baseline\": integer, # fitted baseline bpm\n"

\"variability\": integer, # mean minute-range bpm (rounded)\n"
\"reactive_nst\": boolean,\n"

\"acceleration_15x15_count\": integer,\n"

\"acceleration_10x10_count\": integer | null,  # null if GA 232 or GA unknown\n"
\"high_variation_episodes\": integer,\n"

\"low_variation_duration_min\": integer,\n"

\"cycling_present\": boolean,\n"

\"decel_lost_beats_max\": integer,\n"

\"decel_lost_beats_count_21_100\": integer,\n"

\"any_decel_over_100_lost_beats\": boolean,\n"

\"sinusoidal_suspected\": boolean,\n"

\"sinusoidal_duration_min\": integer,\n"

\"signal_loss_pct\": number,\n"

\"contraction_coupled_decel_count\": integer,\n"

\"criteria_met_within_66min\": boolean,\n"

\"time_to_meet_criteria_min\": integer | null,\n"

\"unmet_criteria\": [string]\n'

"}\n\n"

"IMPORTANT STYLE:\n"

- Think step-by-step (as above). First use the baseline, then assess variability, then accelerations, then decelerations,
then cycling/sinusoid/contraction-coupling, then the reactive NST check, then integrate for the final label. "

- Return ONLY the JSON. No prose, no markdown, no explanations."
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‘role”: "system”,
"content”: (
" Overall CTG Analysis
Classify the CTG as:
- Normal: All features normal.
Abnormal: Any feature suspicious or pathological.

# Baseline

- Normal: 11160 bpm.
- Abnormal: 100{]109 bpm, 161]180 bpm, <100 bpm, >180 bpm, or baseline indeterminable due to persistent fluctuations.

# Variability
- Normal: 5[25 bpm, 3ff5 fluctuations/min, most of the time.
- Abnormal: <5 bpm >15 min, >25 bpm 210 min, or other deviations.

# Accelerations
- Normal: >2 accelerations in 20 min.
- Abnormal: None, or periodic with every contraction.

# Decelerations
- Normal: None.

- Abnormal: Any early, variable, prolonged, late, or atypical variable decelerations.

# Sinusoidal Pattern
- Normal: None.

- Abnormal: Pseudo-sinusoidal (<10 min, atypical) or true sinusoidal (210 min, smooth, no accelerations).
You are an expert in CTG analysis. Based on the tracing, produce a binary classification.

"OUTPUT (STRICT JSON; numbers are numbers, booleans are booleans; use null for unknowns; do NOT add extra keys/text):\n"
e
" \"healthy\": \"healthy\" | \"abnormal\”,\n"

i

“IMPORTANT STYLE:\n"
"_ Think step-by-step (as above). First use the baseline, then assess variability, then accelerations, then decelerations, "

then cycling/sinusoid/contraction-coupling, then the reactive NST check, then integrate for the final label.
- Return ONLY the JSON. No prose, no markdown, no explanations."





