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Long COVID (LC) is marked by 

cognitive symptoms persisting at least 

three months after SARS-CoV-2 

infection [1,2]. 

FDG-PET findings in LC are 

heterogeneous and hard to interpret, 

owing to varied healthy-control groups, 

different intensity-normalisation 

strategies, and assessment soon after 

infection [3]. 

Here we study brain metabolism in 

patients with cognitive symptoms 

persisting more than two years after 

infection, using two independent 

pipelines with distinct controls and 

normalisation strategies.

Two complementary FDG-PET 

pipelines identified a frontal-

predominant hypermetabolic pattern 

extending to bilateral cingulate and 

left inferior parietal regions more 

than two years after infection. This 

persistent pattern may reflect 

compensatory neural recruitment or 

chronic neuroimmune activation, 

although FDG-PET cannot 

distinguish between these 

mechanisms. Cross-pipeline 

agreement supports the robustness 

of the findings, but interpretation is 

limited by the modest sample and 

age imbalance despite statistical 

adjustment.

A Frontal Hypermetabolism Pattern in Long COVID 

Identified by FDG-PET across Two Independent Pipelines

Two independent analytical FDG-PET pipelines identified a convergent, frontal-predominant hypermetabolic pattern extending to 

cingulate and left parietal regions in patients with long COVID more than two years after infection.
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• Design: cross-sectional study, Buenos 

Aires, Argentina

• Inclusion: cognitive complaints >3 mo 

after confirmed SARS-CoV-2; age 30–65; 

no prior neuro / psychiatric disease

• Cohort: 168 LC recruited → 27 with brain 

[¹⁸F]FDG-PET

• Assessment: neurological exam, 

questionnaires, neurocognitive battery, 

MRI for the 168 LC

• PET scan: Philips Vereos TOF PET-CT

• Analysis: two independent PET pipelines; 

consensus = concordant regions only

Long COVID full 

cohort (N = 168)

Long COVID ¹⁸F-

FDG PET 

subcohort (N = 27)

Healthy Brain 

FDG-PET

(N = 26)

Age, years (mean ± SD) 48.7 ± 8.3 47.4 ± 9.8 63.4 ± 15.5

Female, n (%) 123  (73.2%) 17 (63%) 16 (61.5%)

Days since first 

infection, mean ± SD)
686.6 ± 334.3 697.5 ± 334.7 -

LONG COVID ¹⁸F-FDG PET COHORT

N = 27

STATISTICAL TESTING
ANCOVA — LC vs 26 same-centre 

HC, adjusted for age & sex · FDR-

corrected

PIPELINE 1 · IN-HOUSE
ANTs spatial normalization to MNI 

152, intensity normalization by brain 
mean uptake, SUVR for 92 ROIs of 

the Hammers atlas

PIPELINE 2 · NEUROCLOUD
Regional z-scores vs external 

normative database, per scan

Significant 

hypermetabolic/hypometabolic regions 

for pipeline 1

Significant 

hypermetabolic/hypometabolic regions 

for pipeline 2

CONSENSUS ANALYSIS
Concordant significant hypermetabolic or hypometabolic regions 

in both pipelines.

Two independent 

pipelines for robustness

STATISTICAL TESTING
Two-tailed t-test of LC subjects z-

scores, H0:μz=0 · FDR-corrected

Consensus analysis identified hypermetabolism in 

15 frontal, parietal and cingulate regions, together 

with focal hypometabolism in the right cerebellum. 

All reported regions showed concordant alterations 

across the in-house and Neurocloud pipelines.
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Consensus metabolic pattern across both pipelines. Only 

directionally concordant significant regions are displayed. Colours 

indicate mean Neurocloud regional z-scores.

Left supramarginal gyrus 

(p<0.001; pFDR=0.002)

Right Cerebellum

(p=0.034; pFDR=0.05)

Left inferior frontal gyrus 

(p<0.001; pFDR=0.004)

Right anterior cingulate gyrus

(p<0.001; pFDR=0.004)
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