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Background & Objectives

• Long COVID (LC) — symptoms persisting ≥ 12 weeks after SARS-CoV-2 infection — affects over 10% of 
those infected [1,2] and remains a major cause of disability.

• Fatigue, orthostatic intolerance, and cognitive impairment point to autonomic nervous system dysfunction 
[3,4], yet the underlying brain changes remain poorly understood.

• Standard 3T MRI lacks the resolution to measure tissue properties within the small nuclei of the central 
autonomic network [5,6].

• A large-scale longitudinal 3T study (UK Biobank, n > 780) identified global volume reductions but could not 
resolve brainstem substructures [7].

• Objective: Use 7T multi-contrast MRI with quantitative and deep-learning analysis to localize and quantify 
tissue alterations in autonomic brain regions in non-hospitalized LC individuals, who represent the majority 
of cases [8].

Methods
Pre-Recording

Zoom Interview → Questionnaires → Cognitive Tests → Spirometry → Grip Strength

Session A – Physiological Testing

Resting State → Gas Challenge
Hypoxia / Hypercapnia

→ Breathing Task
Paced / Slow Breathing

→ Valsalva → Cold Pressor → Supine-to-Stand
Heart Rate Recovery

Session B – 7T MRI

T1-Weighted → Resting State → Gas Challenge
Hypoxia / Hypercapnia

→ Breathing Task
Paced / Slow Breathing

→ Multi-Echo T2*
QSM / SWI

→ FLAIR

Fig. 1: Study protocol: screening, Session A (physiological testing), Session B (7T MRI).

• Cohort: 200 non-hospitalized adults with and without LC (current sample: 60). Participants complete 
questionnaires assessing autonomic symptoms (COMPASS-31), LC symptom burden, breathlessness, 
fatigue, and lifestyle factors.

• Session A: Cardiovascular signals (heart rate, blood pressure, respiration, SpO2) recorded during all 
maneuvers; gas challenges use 5% CO2 / 10% O2. Autonomic scoring follows CASS [9].

• Session B: All MRI sequences acquired with concurrent physiological monitoring (QSM [10], MP2RAGE 
[11]). Salivary cortisol collected during both sessions.

Analysis Routes

Route MRI Input Sample Status

1: QSM Multi-echo GRE C/LC: 30/27 Ongoing

2: T1 relaxometry MP2RAGE C/LC: 29/29 Ongoing

3: Brain volumes FreeSurfer C/LC: 29/30 Ongoing

4: CMB detection SWI / T2* VALDO n=72 [12] Ongoing

5: WMH mapping 3D FLAIR WMH Challenge [13] Pending

Statistical Model

Region of interest (ROI) definition: Five brainstem ROIs (whole brainstem, midbrain, pons, medulla, and 
superior cerebellar peduncle) were extracted using FreeSurfer’s brainstem substructure segmentation [14], 
registered to subject space, and mean values extracted per ROI.

Linear models (following Rua et al. [15]) were fitted separately for each ROI with group (LC vs. control) as 
the effect of interest, and age, sex, and their interaction as covariates:

𝑦 = 𝛽0 + 𝛽grp𝑥grp + 𝛽age𝑥age + 𝛽sex𝑥sex + 𝛽age × sex𝑥age𝑥sex + 𝜀

For brain volumes (Route 3), estimated total intracranial volume (eTIV from FreeSurfer) was added as a 
covariate to correct for head size [7]:

𝑦 = ⋯+ 𝛽eTIV𝑥eTIV + 𝜀

Multiple comparisons: BH-FDR (𝑞 < 0.05) across 5 brainstem ROIs.

Results

Route 1 — Quantitative Susceptibility Mapping

Fig. 2: Brainstem QSM across 5 ROIs. Controls (purple, n = 30) vs. LC (teal, n = 27). Whole-brain-referenced [15].

• Mean magnetic susceptibility (ppm) in brainstem substructures, sensitive to tissue iron and myelin content.
• The whole-brainstem composite shows significantly lower susceptibility in LC than controls (d = −0.81, 

q = 0.004) — a large effect. Individual substructures trend in the same direction but do not survive FDR 
correction. Direction is opposite to Rua et al. [15], who found higher susceptibility in hospitalized COVID 
patients.

Route 2 — T1 Relaxometry

Fig. 3: Brainstem T1 relaxometry across 5 ROIs. Controls (purple, n = 29) vs. LC (teal, n = 29).

• Mean T1 relaxation time (ms) in brainstem substructures, sensitive to tissue microstructure (e.g., water 
content, myelination).

• The superior cerebellar peduncle (SCP) shows significantly lower T1 in LC (d = −0.83, q = 0.043). 
Remaining ROIs trend in the same direction but do not survive FDR correction.

Route 3 — Brain Volumetrics

Fig. 4: Brainstem volumes across 5 ROIs. Controls (purple, n = 29) vs. LC (teal, n = 30). eTIV-corrected.

• Regional brain volumes (mm³) corrected for head size (eTIV covariate).
• No significant brainstem volume differences after FDR correction. Midbrain shows a marginal trend (d = 

+0.28, q = 0.059).

Results

Routes 4–5 — Deep-Learning CMB and WMH Detection

Fig. 5: VALDO Task 2 CMB detection: T2* input, ground truth, probability map, detection.

• Automated detection of cerebral microbleeds (CMBs) and white matter hyperintensities (WMHs) — 
markers of microvascular damage — using a frozen DINOv3 vision foundation model [16] paired with a U-
Net decoder [17].

• Validated on VALDO Task 2 [12]: 72 non-demented adults from 3 population cohorts (SABRE, RSS, ALFA; 
ages 45–92; 1.5T and 3T T2*; 253 annotated CMBs).

Next Steps

• Continue recruitment toward 200 participants; finalize QSM, T1, and volumetric analyses across cortical 
and subcortical ROIs.

• Benchmark DINOv3 CMB/WMH pipeline against the VALDO leaderboard [12] and apply to the LC cohort.
• Analyze task and resting-state fMRI connectivity; integrate all imaging, physiology, and clinical data into a 

predictive severity model.

Conclusions

• Whole-brainstem QSM and SCP T1 relaxometry both show significant large-effect reductions in LC — with 
QSM direction opposite to hospitalized COVID [15], suggesting distinct non-hospitalized pathophysiology. 
Brain volumetrics show no significant differences.

• To our knowledge, this is the first application of a self-supervised vision foundation model to joint CMB and 
WMH detection on MRI.
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