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This supplement contains: S1 the feasibility simulation note (what is real and what is assumed, with the parameter and power tables); S2 the computational transparency and reproducibility statement covering all three scripts; and S3 the sensitivity analysis of the division artefact. All code and figures are deposited at the repository above; where this document and the deposited code differ, the deposited code is authoritative.
S1. Feasibility simulation: what is real and what is assumed
Read first. This is a thought experiment with arithmetic, not data. Every patient in it is synthetic, and the signal it “detects” was planted by the author. It does not show the early-warning signal exists — only what it would take to detect one if it exists at roughly the assumed size.
Table S1. Provenance of each simulation ingredient.
	Ingredient
	Status
	Source

	MUSIX measurement noise (15% / 28% CoV)
	Real
	Published MUSIX reliability studies [16]

	Sampling cadence (4–6 points / 12 months)
	Real
	Actual MUNIX trial protocols

	Cohort size (~222)
	Real
	Jena D50 cohort [13]

	Compensation rises then turns over (curve shape)
	Real, qualitatively
	Nandedkar 2010 [12]; D50 papers [13]

	Size of the critical-slowing-down signal
	Assumed — no empirical anchor
	Author’s parameter; the single most influential value

	AR(1) value, multiplicative-noise model, detrending
	Assumed
	Reasonable but unvalidated

	Clean disease-stage alignment
	Assumed (idealised)
	Real D50 staging is imperfect


The constraints are real; the signal is imaginary. The power numbers scale directly with the assumed signal size — if the real effect is half as large, required cohort size roughly quadruples; if it does not exist, no cohort suffices. The one conclusion robust to this is negative and therefore trustworthy: within-patient detection fails at chance regardless of the assumed effect, so only the cohort-level route is viable. In a real study, the signal size stops being a guess and becomes the thing you measure — and real-world messiness (operator drift, dropout, confounds, imperfect staging) will make detection harder than these idealised figures suggest, not easier.
Why this exists. A clinical neurophysiologist’s first two objections to applying CSD analysis to serial MUNIX/MUSIX data are both correct and both potentially fatal: (1) measurement noise — MUSIX intra-rater CoV reaches ~28%, so the dynamical signal could be smaller than the noise; and (2) sparse sampling — serial MUNIX is collected every ~12 weeks, typically 4–6 points over a year, far too few for the rolling-window autocorrelation classical CSD detection uses. Rather than argue around these, the simulation tests them directly: it plants a known CSD signature in synthetic patients, hides it under realistic measurement noise and trial-realistic sampling, and asks whether any analysis can recover it — including the possibility that the answer is “no.”
What it found. Within a single patient, the signal is unrecoverable (AUC ≈ 0.52–0.56 at 5, 8, or 12 points, 28% noise): the objection is correct and the naive version of the hypothesis should be dropped. Across a stage-aligned cohort, the signal is recoverable but only above a noise-dependent sample size, with controlled false positives (~5% throughout).
Table S2. Cohort size for ~80% power, by measurement quality and sampling density.
	Measurement CoV
	Timepoints/patient
	Cohort N for ~80% power

	15% (standardised multi-rater protocols)
	6
	~80

	15%
	4
	~160

	28% (worst-case intra-rater)
	6
	>320 (still underpowered at 320: power ~0.74)

	28%
	4
	not reached in range tested


The decisive variable is measurement noise, not the idea. At ~15% CoV, existing cohorts are large enough — the Jena D50 cohort (~222 patients) sits comfortably in the powered region. At worst-case 28%, no realistic cohort suffices. This turns “the noise will swamp it” from a dismissal into a design specification: align by stage, subtract the known noise floor, hold CoV near 15%, and ~100–200 stage-aligned patients give 80% power — a study that can be run retrospectively.
Honest limitations of the simulation itself. This is a simplified generative model, not a validation. The true dynamics of MUNIX/MUSIX may differ in shape; the assumed size of the dynamical-variance rise is a guess and the power figures scale with it; stage alignment assumes the D50 (or equivalent) latent stage is usable, which is itself imperfect; and the measurement-floor subtraction assumes the CoV is known rather than estimated. The simulation establishes plausibility and a sample-size order of magnitude, not a guarantee.
S2. Computational transparency and reproducibility statement
This statement documents every piece of code executed in producing the manuscript and its simulations, the exact parameters and random seeds, the software environment, and a precise account of what data was and was not used. It is written so that anyone can reproduce every number and figure exactly.
S2.1 The key point about data. Every figure and every quantitative result was produced from synthetic data generated in software. No empirical, clinical, or patient dataset was loaded, accessed, or used to produce any figure or number in this work. The simulations generate artificial patient trajectories from explicit equations, in order to (a) quantify a measurement artefact and (b) test what scale of real data a future analysis would require.
S2.2 Code executed. Three Python scripts were run; all are deposited in full at the repository.
munix_csd_sim.py — the feasibility simulation. Generates synthetic MUNIX/MUSIX-like trajectories, then tests whether a planted CSD signal can be recovered under realistic measurement noise and sparse sampling. Random seed: numpy.random.default_rng(20260628). Generative model: latent disease-stage axis sampled in the pre-transition window s ∈ [0.15, 0.60], transition s* = 0.60; compensation trend a smooth rise-then-fall peaking at s* (rise coefficient 0.8, fall coefficient 1.4); dynamical fluctuation SD with baseline 0.06, growing in CSD patients toward the transition as base + gain·prox² with gain = 0.34, flat in null patients; dynamical noise AR(1) with coefficient 0.55; multiplicative measurement noise observed = true·(1 + N(0, CoV)) at CoV ∈ {0.15, 0.28}. Analysis A (within-patient): 300 patients/class, timepoints ∈ {5, 8, 12}, CoV = 0.28, separation by detrended residual variance scored as AUC via Mann–Whitney U. Analysis B (cohort): N ∈ {20, 40, 80, 160, 320}, timepoints ∈ {4, 6}, CoV ∈ {0.15, 0.28}, 4 stage bins, 300 iterations, α = 0.05; per-bin residual variance with the expected measurement variance (CoV·mean_level)² subtracted, tested for a rising trend by one-sided Spearman correlation.
musix_artefact.py — the division-artefact simulation (Section 6). Quantifies how much spurious rising variance the MUSIX ratio produces under measured noise when biology is flat. Random seed: numpy.random.default_rng(20260712). Generative model: true MUNIX declines exponentially from 150 to a floor of 15 across stage; true CMAP is preserved early and declines later; MUSIX = CMAP/MUNIX. Measurement noise: multiplicative CMAP CoV 0.15 [17] and MUNIX CoV 0.14 [18]; an additive MUNIX noise floor (default SD 4 index units; the least-pinned parameter, swept in S3); CMAP–MUNIX error correlation ρ = 0.6 (because MUNIX is computed from CMAP) [16]; a hard physical MUNIX floor at 1.0. Biological fluctuation is held flat (CoV 0.05, AR(1) 0.3) so any stage-dependent variance rise is pure artefact. Three experiments: (A) relative variance of CMAP/MUNIX/MUSIX versus stage; (B) Monte-Carlo versus first-order (delta-method) ratio variance across the additive floor; (C) change in variance versus change in lag-1 autocorrelation, early-to-late window, against a genuine-CSD reference channel (AR(1) coefficient climbing toward ~0.95). A validation check reproduces a mid-stage MUSIX CoV of 16.3%, inside the observed 7.8–28.4% range [16]. Headline outputs: MUSIX relative-variance fold-rise ×4.66 (MUNIX ×2.42, CMAP ×1.05); artefact early→late Δlog-variance +1.47 with ΔAR(1) −0.253, versus the CSD reference ΔAR(1) +0.040.
make_figs.py — figure generation. Random seed: numpy.random.default_rng(7). Produces the two feasibility figures (Figures 4–5) from the functions in munix_csd_sim.py.
S2.3 Software environment. All code executed with network access disabled, under Python 3.12.3, numpy 2.4.4, scipy 1.17.1, matplotlib 3.10.8. No other scientific libraries were used. Results are deterministic given the fixed seeds above.
S2.4 How to reproduce. Install the environment (pip install numpy scipy matplotlib); run python munix_csd_sim.py for the within-patient AUC values and the cohort power/false-positive table; run python musix_artefact.py for the artefact fold-rise, discriminator medians, Figures 1–3 and sensitivity_table.csv; run python make_figs.py for Figures 4–5. Because all seeds are fixed, every number and figure reproduces identically.
S2.5 Known limitations of the executed code (already disclosed in the main text). The feasibility simulation assumes the size of the CSD signal (gain = 0.34) with no empirical anchor; models measurement noise but not between-patient heterogeneity (a random-effects term is a required addition before the power figures can be trusted); and predates the refined Tier 2 design, so it does not implement the CMAP-slope benchmark. The division-artefact simulation’s least-pinned parameter is the additive MUNIX noise floor, whose magnitude sets the size of the artefact; it is therefore swept in S3. The one result robust to all assumptions is the negative one — within-patient detection at chance — because chance performance does not depend on the assumed effect size.
S2.6 Datasets referenced but NOT used or accessed. GSE56500 (a LIG3 expression re-analysis belonging to separate earlier work) — not re-run here. PRO-ACT — cited only to note it lacks the EMG/MUNE data needed to test the hypothesis; not accessed. Chan et al. (2022) serial MUNIX/MUSIX data and the Jena D50 cohorts — cited as the real datasets a future Tier 2 analysis would require; not accessed. Obtaining supervised access to these is precisely the collaboration being sought.
S3. Sensitivity analysis of the division artefact
The size of the MUSIX division artefact depends chiefly on the additive MUNIX noise floor, the least-pinned parameter. Table S3 reports the fold-rise in apparent MUSIX relative variance from early stage (s = 0.2) to late stage (s = 0.9) across a grid of additive floor (0–8 index units), MUNIX multiplicative CoV (0.10–0.28), and CMAP–MUNIX error correlation ρ (0–0.6). A fold-rise of ~1.0 means no artefact.
Table S3. MUSIX apparent-variance fold-rise (early→late) across the parameter grid.
	additive floor
	MUNIX CoV
	rho=0.0
	rho=0.3
	rho=0.6

	0
	0.10
	1.04
	1.05
	1.08

	0
	0.14
	1.03
	1.04
	1.06

	0
	0.20
	0.97
	0.4
	0.4

	0
	0.28
	0.25
	0.24
	0.27

	2
	0.10
	1.33
	1.42
	1.59

	2
	0.14
	1.29
	1.38
	1.55

	2
	0.20
	1.26
	0.54
	0.59

	2
	0.28
	0.33
	0.36
	0.38

	4
	0.10
	2.61
	3.04
	3.71

	4
	0.14
	2.76
	3.39
	4.35

	4
	0.20
	3.36
	1.81
	2.37

	4
	0.28
	0.78
	0.67
	0.93

	8
	0.10
	45.77
	55.13
	69.7

	8
	0.14
	38.79
	48.19
	65.08

	8
	0.20
	26.48
	15.42
	21.46

	8
	0.28
	1.45
	1.61
	1.75


Two boundary conditions are visible. First, with no additive floor the fold-rise is ≈1.0 (indeed ≤1 at high multiplicative CoV): pure multiplicative noise does not manufacture the artefact — an additive floor is necessary. Second, the artefact grows steeply with the floor (to tens-fold at a floor of 8), and the error correlation ρ that makes MUSIX appear reliable in mid-range does not remove it near the floor. The default configuration (floor = 4, MUNIX CoV = 0.14, ρ = 0.6) gives a ×4.35 fold-rise, consistent with the ×4.66 reported over the slightly wider early→late span used in Figure 1. The practical implication is a “danger zone”: once true MUNIX falls below ~15 index units, serial variance analysis of MUSIX is dominated by arithmetic rather than biology.

