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Reporting Summary

Nature Portfolio wishes to improve the reproducibility of the work that we publish. This form provides structure for consistency and transparency
in reporting. For further information on Nature Portfolio policies, see our Editorial Policies and the Editorial Policy Checklist.

)
Q
—
(e
(D
©
O
=
s
<
-
(D
o
O
=
>
(@)
wn
[
3
=
Q
A

Statistics

For all statistical analyses, confirm that the following items are present in the figure legend, table legend, main text, or Methods section.

Confirmed

The exact sample size (n) for each experimental group/condition, given as a discrete number and unit of measurement
A statement on whether measurements were taken from distinct samples or whether the same sample was measured repeatedly

< The statistical test(s) used AND whether they are one- or two-sided
N Only common tests should be described solely by name; describe more complex techniques in the Methods section.

A description of all covariates tested
A description of any assumptions or corrections, such as tests of normality and adjustment for multiple comparisons

< A full description of the statistical parameters including central tendency (e.g. means) or other basic estimates (e.g. regression coefficient)
2~ AND variation (e.g. standard deviation) or associated estimates of uncertainty (e.g. confidence intervals)

For null hypothesis testing, the test statistic (e.g. F, t, r) with confidence intervals, effect sizes, degrees of freedom and P value noted
N Give P values as exact values whenever suitable.

|:| For Bayesian analysis, information on the choice of priors and Markov chain Monte Carlo settings

|:| For hierarchical and complex designs, identification of the appropriate level for tests and full reporting of outcomes
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|Z| Estimates of effect sizes (e.g. Cohen's d, Pearson's r), indicating how they were calculated

Our web collection on statistics for biologists contains articles on many of the points above.

Software and code

Policy information about availability of computer code

Data collection  FreeSurfer software (version 6.0) (http://surfer.nmr.mgh.harvard.edu/)

Data analysis SPSS software version 29 (IBM Corporation, Armonk, NY)

For manuscripts utilizing custom algorithms or software that are central to the research but not yet described in published literature, software must be made available to editors and
reviewers. We strongly encourage code deposition in a community repository (e.g. GitHub). See the Nature Portfolio guidelines for submitting code & software for further information.

Data

Policy information about availability of data

All manuscripts must include a data availability statement. This statement should provide the following information, where applicable:
- Accession codes, unique identifiers, or web links for publicly available datasets
- A description of any restrictions on data availability
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- For clinical datasets or third party data, please ensure that the statement adheres to our policy

All data supporting the findings of this study are available within the paper and in supplementary information files. The MRI measurements for all included ROIs of
the study are available in the Source Data file. Raw data of the MRI measurements are not publicly available according to privacy guidelines of Oslo University
Hospital. Anonymized images and any additional raw data are available from the corresponding author (Eide, Per Kristian, p.k.eide@medisin.uio.no) upon request,




which conform with the privacy guidelines of the Oslo University Hospital. The timeframe for response to such requests is within 1-3 months. Source data are
provided with this paper.

Human research participants

Policy information about studies involving human research participants and Sex and Gender in Research.

Reporting on sex and gender The results refer to sex, not gender. The study included 28 males and 47 females.

Population characteristics The study was prospective and observational. Randomization was not relevant. Results are categorized according to
diagnosis, which represents the most important covariate.

Recruitment Consecutive patients referred to the Department of neurosurgery, Oslo university hospital - Rikshospitalet, Oslo, Norway, for
various CSF disorders were included. The indication for intrathecal contrast enhanced MRI was made on clinical reasons. The
inclusion criteria were clinically suspected cerebrospinal fluid disturbance. Exclusion criteria were evidence of renal

dysfunction, allergy towards contrast agents, severe allergy in general, pregnant or breast feeding women, age <18 years /80
years

Ethics oversight The research study was approved by The Institutional Review Board (2015/1868), Regional Ethics Committee (2015/96) and
the National Medicines Agency (15/04932-7), and registered in Oslo University Hospital Research Registry (ePhorte
2015/1868). Inclusion was by written and oral informed consent from all participants. They received no compensation.

Note that full information on the approval of the study protocol must also be provided in the manuscript.

Field-specific reporting

Please select the one below that is the best fit for your research. If you are not sure, read the appropriate sections before making your selection.

Life sciences |:| Behavioural & social sciences |:| Ecological, evolutionary & environmental sciences

For a reference copy of the document with all sections, see nature.com/documents/nr-reporting-summary-flat.pdf

Life sciences study design

All studies must disclose on these points even when the disclosure is negative.

Sample size We included a large patient cohort (n=75) to address the research questions.

Data exclusions  No data were excluded.

Replication The study results are quite visual and images available to replicate the study.

Randomization  Randomization of patients was not relevant as this study did not compare different interventions.

Blinding As this study reports a phenomenon, blinding is less relevant.

Reporting for specific materials, systems and methods

We require information from authors about some types of materials, experimental systems and methods used in many studies. Here, indicate whether each material,
system or method listed is relevant to your study. If you are not sure if a list item applies to your research, read the appropriate section before selecting a response.

Materials & experimental systems Methods

n/a | Involved in the study n/a | Involved in the study

|Z |:| Antibodies |Z |:| ChiIP-seq

XI|[] Eukaryotic cell lines XI|[] Flow cytometry

X |:| Palaeontology and archaeology |:| MRI-based neuroimaging
X |:| Animals and other organisms

X|[] Clinical data

|Z |:| Dual use research of concern
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Magnetic resonance imaging

Experimental design

Design type Prospective and observational
Design specifications NA

Behavioral performance measures ~ NA

Acquisition

Imaging type(s) MRIT1

Field strength 3T

Sequence & imaging parameters Equal imaging protocol settings were applied at all time points to acquire sagittal 3D T1-weighted volume scans, with
the following imaging parameters: repetition time = “shortest” (typically 5.1 ms), echo time = “shortest” (typically 2.3
ms), Flip angle = 8 degrees, field of view = 256 x 256 cm and matrix = 256 x 256 pixels (reconstructed 512 x 512).
Hundred and eighty-four over-contiguous (overlapping) slices with 1 mm thickness were sampled, which were
automatically reconstructed to 368 slices with 0.5 mm thickness. The duration of each image acquisition was 6 minutes
and 29 seconds.

Area of acquisition Whole brain scan

Diffusion MRI [ ] used Not used

Preprocessing

Preprocessing software FreeSurfer software (version 6.0) (http://surfer.nmr.mgh.harvard.edu/)

Normalization Regarding the specific question of tracer enrichment in brain, changes in the gray-scale between MRI scans were adjusted by
dividing the T1 signal unit for each time point by the T1 signal unit of a reference region of interest (ROI) for the respective
time point. The reference ROl was placed within the posterior part of the orbit, as previously described. The ratio is the
normalized T1 signal units, which corrects for baseline changes of image gray scale due to automatic image scaling. Tracer
enrichment was semi-quantified as percentage change in normalized T1 signal at different tome points, relative to pre-
contrast injection.

Normalization template Regarding the specific question of tracer enrichment in brain, changes in the gray-scale between MRI scans were adjusted by
dividing the T1 signal unit for each time point by the T1 signal unit of a reference region of interest (ROI) for the respective
time point. The reference ROl was placed within the posterior part of the orbit, as previously described.

Noise and artifact removal NA

Volume censoring NA

Statistical modeling & inference

Model type and settings In this study, statistics were used to test differences between independent groups.

Effect(s) tested A general linear model or a two-sample t test assessed the mean difference between groups.
Specify type of analysis: [ | Whole brain [ | ROI-based [X] Both

Anatomical location(s) Cerebral cortex, subcortical white matter, and cerebrospinal fluid.

Statistic type for inference NA

(See Eklund et al. 2016)

Correction NA
Models & analysis

n/a | Involved in the study
|Z| |:| Functional and/or effective connectivity

|:| Graph analysis

|Z| |:| Multivariate modeling or predictive analysis

Graph analysis The plots were presented as box plots and as correlations plots.
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