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Comparing Minimal Processing Pipelines

A basic set of preprocessing steps have emerged in
the functional connectomics literature and are now
widely implemented across pipeline packages.
However, marked variation exists in how specific
algorithms implement these steps, as well as how
pipelines link them together. Alarmingly, recent
studies have found that when analyzing the same
data, differences in implementation are a substantial
and undesirable source of variation (e.g., Bowring et
al., 2019).

Here, inspired by the growing consensus that
increasing the fMRI data quantity per participant can
overcome suboptimal test-retest reliability, we
examine the impact of data quantity on cross-
pipeline reliability. To accomplish this goal, we
leverage the Configurable Pipeline for the Analysis of
Connectomes (CPAC) to enable generation of
harmonized configurations for each of three minimal
processing pipelines in a common framework, which
can then be used to analyze the origins of
differences among pipelines.

Conclusion
It is common and justifiable to compare the impact of different processing steps on the same datasets from the same subjects. The present work 
clearly demonstrates that such comparisons can give skewed perspectives. As robust as our findings were regarding alarmingly suboptimal cross-
pipeline reliability were when applied to the same data, from the same subjects, they were dwarfed by session-related variation when shorter scan 
durations (e.g., 10 minutes) were included. Our findings emphasize the need for both – more dense sampling per subject, and an increased focus 
on harmonizing pipeline implementation - to improve reproducibility across studies.
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Table 1. Summarizing minimal processing pipeline differences

Visualizing Minimal Processing Outputs

Dataset. The HNU Sample (N=30) from the Consortium for
Reliability and Reproducibility (CoRR), including ten 10-min
single-band resting state fMRI per subject (TR=2000ms).

Pipelines. Our cross-pipeline comparisons focused on the
impact of differing minimal preprocessing pipelines on
functional connectivity estimates. To accomplish this, we
extended the range of configurable options in CPAC pipeline to
include those necessary to replicate the key minimal
preprocessing steps in each of the 3 established preprocessing
pipelines (fMRIPrep, the ABCD Pipeline, and the Connectome
Computation System) (see Table 1 for comparison of pipeline
steps used to guide harmonization). Prior to cross-pipeline
comparisons, we first validated each CPAC harmonized
configuration with the package it was based on (target cross-
pipeline reliability: > 0.9).

Evaluation Metrics. Reproducibility was quantified using a
multifaceted assessment strategy, including: 1) matrix-wise
Pearson spatial correlation, 2) edge-wise intraclass correlation
coefficient (ICC), 3) image-wise intraclass correlation coefficient
(I2C2), and 4) discriminability (matrix-level index of reliability).
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Figure 1. Comparing minimal preprocessing across a sample of fMRI pipeline 
packages (CPAC:Default, fMRIPrep, ABCD and CCS).

Figure 3. Visualizing harmonized minimal preprocessing outputs. 
A. Anatomical images in template space. B. Functional images in template space.

Evaluating Scan Duration Impact

Figure 4. Evaluating the scan duration impact. We varied the scan duration (10/30/50 min) 
by concatenating the data from different sessions and measured the cross-pipeline 
reliability. Results using a 200 parcellation unit atlas are reported here (findings are 
consistent at 600 and 1000).

Figure 2. Evaluating cross-pipeline reliability (matrix-wise, edge-wise) for functional 
connectivity matrices generated using CPAC harmonized pipelines against the originals 
(fMRIPrep, ABCD, CCS).
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