Contribution of slow, brain-wide patterns of activity to ongoing experience in resting-state fMRI

Isabel S. Gephart', Javier Gonzalez-Castillo?, Megan A. Spurney'?, Daniel A. Handwerker?, Peter A. Bandettini'3

m I'Section on Functional Imaging Methods, Laboratory of Brain and Cognition, NIMH, NIH
NEIBRIFEE 2Clinical and Translational Neuroscience Branch, NIMH, NIH

of Mental Health 3Functional MRI Core, NIMH, NIH

Contact: isabel.gephart@nih.gov

INTRODUCTION RESULTS

- Ongoing experience and spontaneous thought contribute to . [e)CrginalData | e | (dOngnalvs. Removed . .

o ] ) . . Subcortical === ‘ ,“*R,,; 0.8 Subcortical == _ 2,?, 0.8 Subcortical === e | Hik F|gure 5 FunCt|Ona|
neural activity In resting state data and can be predlcted using i l°6 e L T l°6 ert 0 48l Connectivity for data with
Connectome Predictive Modeling (CPM). ., (@ andwithout (b) the first

. . averin | 0 ST LRI T L TR A T e three CPCs, as well as the
- Complex Principal Component Analysis (CPCA) can be used to el ELERE R I el ] el ., contrast (c). We see
identify slow, spatiotemporal patterns in BOLD activity that o | [ g el B0 - - (W sl ., differences in FC across
: - . O Sk s s | Y O e o ~I_0_6 ------ ' .. hetworks, particularly in the
explam a third of the variance.’ " e, TR oo e, ™ .. control network and DMN.
. . * £ g 2£3 3§ % > £ £ §8§5 3 > 2 5 288 3§ § Yellow: p<0.05
- Removal of slow spatiotemporal patterns from resting state 3 B 5T @ f LA BN LA
significantly changes functional connectivity (FC).? B 5 5 R 3 A U
HypOth?SIS: By removing slow spatlotemporal patterns, .smaller % 0.30 1 o 0.30 1 o Figure 6. CPM Results. Predictions for TP1 and TP2 with
fluctuations may start to emerge that are more closely tied to § o2 025 - & original data (blue) and with the first three CPCs removed
g 020 ‘ 0.20 - f (orange). There is significant improvement with the
Spontaneous thought. § — ¥ B components removed for TP1 and TP2. This suggests that
g _— | — the first three CPCs are not related to spontaneous thought.
é 0.05 - 0.05 A KXX¥ p<le-4
% 0.00- 0.00 -
Original 3 CPCs Removed Original ~ 3 CPCs Removed
Thought Pattern 1 Thought Pattern 2
a)
Figure 1. Schematic of general b) Number of Edges: ) d) Number of Edges:

hypothesis. After removing thefirst A8 S8, 48 S s N Nl e el T o T o om0 e e o -
three components fromthedatawe & o A S S |l B AW g ot e f- B Qe - - -l |- - - -
will investigate spontaneousthought @ o 7 SO0 o I B B <0 o o = oo B0 B S L
in the remaining brain activity. -l
o § &&&&&&&& o e e e e e
DATA PREVIOUS WORK - :
= S
g A= - .. T [
- N - 4 _ a) Thought Patterns 1 b) Prediction of N U e oS UL e e
Data Set: Mlnd’ Braln’ BOdy and 2 (TP1 and TP2) Thought Patterns § § 00000 j
Max Plank Institute | Yl ™ WY pwewm Lol i
Surroundings - ;
I positively correlated with TP1 negatively correlated with TP1 I positively correlated with TP2 Il negatively correlated with TP2
- 15 mins of rest (TR: 1.4s, Negative - | - -
voxels: 2.3mm?3 ) Words - R Figure 7. (a,c) Connections used in CPM. (b,d) The number of connections used in CPM summed by network. Overall, for
" . g0 | TP1, we see a similar structure between the original data (top) and that with the first three components removed (bottom),
. . Intrusive O g p p
- EXperience report (Flg ure 2) Myself - J but with a shift in the neg. correlated edges from the attention network to the DMN. For TP2, we see a shift away from the
- 471 Scans after QA e 2 ventral attention network in the pos. correlated edges, and a shift away from the DMN in the neg. correlated edges.
o Past 4 | 4 g
» 133 subjects; 1-4 scans o z o
pecific -
each INFLUENCE OF SPATIAL BLURRING
g ! b) Explained ~ ¢) First three
r F1 | My thoughts were intrusive | reople. % v TP1 TP2 a) CPC 2 CPC 3 Variance Scree Plots CPCs:
F2 | My thoughts were more specific than vague Images = A TN NN St e 1,000 {9[204% | [ Explained variance |
F3 | My though in the form of word . e — o]
o e were (it fomofimages TP1TP2 p<0.05, *** p< Te-3 = .
g ~ . . ('\ll__‘ Q T>U N 33 30/
r _ . Figure 3. Previous work done by our group.' (a) 2 E g 270
Syl fn ron it o SNYCQ responses (Fig. 2) cluster by thought 5
L C3 | | thought about myself . pattern across participants. (b) These patterns Component number
= C4 || thought about past events ...100 .
Z 5| | thought about future events ... 100 are predictable based on fMRI data. Blue dots e
C6 | | thought about thing negati ... 100 .« 4 = -
O A g are predictions, the black bars are the mean, = 50,30
and gray boxes are a null distribution. These a) g | .27/0
W1 | | was completely awake ... 100 . . 2 E o
results indicate that spontaneous thought e o
Figure 2. Short New York Cognition Questionnaire* contributes to resting state activity. ak R
« ‘: [ Explained variance |
= -
(aa @) 2 .
METHODS 2 5.9%
& 5
o 100

ﬁﬁ% Neuroimaging Data =) Basic Preprocessing I—'

Component number

|

Figure 8. (a) Magnitude maps of the first three components. The top row is the previous findings? that we were

Sliding Window CPC :Il\l; IsggcéeRReeg:;iZi?Sn: aiming to replicate, the bottom is the patterns used in this project. (b) Scree plots of explained variance. (c)
Correlation? Regressors . Motion = Cumulative explained variance. Blurring the data increases explained variance.
 Trends

+ Physio CONCLUSIONS

- We are able to partially* reproduce patterns on a different data set using CPCA.

e ROI timeseries are extracted
L posalmentan using the Schaefer 400 ROI
5 Limbic Atlas’ extended with 8

Frontoparieta

o SqpcOTICAIrEGIONS from the = *Blurring has a large impact on patterns and explained variance.
- Removal of CPCs from resting state data causes significant changes in FC across
< Compare using Network networks, confirming previous findings>.
Based Statistics> . . ol .
- Removing these patterns increases our ability to predict thought patterns,

suggesting that they may not be related to spontaneous thought.

- CPM < Compare using paired
Predictions test

Connectome Predictive Modeli Complex PCA?

FUTURE DIRECTIONS

- Shift to looking at > 3 components. Preliminary results from removing the first
50 CPCs (accounting for 15% of the explained variance) (Fig. 9), suggest that the
E— FC patterns that are involved in the prediction of spontaneous thought are in
; Data , Complex o . .
rsfVIR) j> pata CPCs 3-50, and may be identifiable.

bi Connectivity Behavioral
1 matrix measure

Complex PCs ° I nveStigate Thought Pattern 1 Thought Pattern 2 Explained variance scree plot
Based on Shen et al. 2017, linear models are fit to As described in Bolt et al. 2022, CPCA allows for COntri bUtiOn Of ~ 035 T='36'2'*'::'27e'141 0.35 — 200 :;i.ZSeSOl e
brain-behavior relationships. Accuracy is calculated by components that have both magnitude and phase, . oo S gpan. o— ww | | [EPHined variaice
doing 500 iterations of CPM, and compared to 10,000 which generate spatiotemporal maps. The CPCs we individual CPCs to é o | _— .
null permutations for significance. get from these data are ~20 seconds long. . S ' O oo £ TP
TPs (F|g. 1 O). > 0.20- 0.20 - § 1
1 7 g ' ; : |
Figure 4. Outline of methods. This produces two forms of the data: the original data with ° |ﬂV€Stlgate aCt|V|ty g o | P _ Y :9:’ 000
preprocessing and denoising (blue), and the same data with the complex principal components patterns within S 10 * 10 |
removed (orange). These two forms of the data can then be submitted to the FC and CPM analyses, g 0 __ el | wl N [/ AN\ 1
and we can compare them to investigate the impact of removing the CPCs. CPCs and relate & 000 =Y ' rssnne v e
riginal 50 CPCs Removed Original 50 CPCs Removed = 10 20 % 20 50

Component number

them to aspects of
Figure 9. CPM predictions results before (blue) and

[1] Gonzalez-Castilllo et al. (2024) BioRxiv Zelesky et al. (2010) Neurolmage ACKNOWLEDGMENTS: This work was supported by the NIH Intramural i1t . . .
[2] Bolt et al. (2022) Nature Neuroscience Shen et al. (2017) Nature Protocols Research Programs ZIA-MH002783 & ZIA-MH002968 and utilized Cog n Itlo n ° after remOV|ng the ﬁrSt 50 CPCS (Orange). TP1 and Flgure 1 O' SChematIC Of new

5
6
[3] Abbas et al. (2019) Neurolmage 7] Shaefer et al. (2018) Cerebral Cortex : : P ¢ . i i
[4] Mendes et al. 2019) Scientific reports  [g] Tzourio-Mazoyer et al. (2002) Neurolmage computational resources from the NIH HPC Biowulf Cluster. TP2 predictions significantly decrease. p<le-4 hypothesis.




