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INTRODUCTION
Intensive Language Action Therapy (ILAT): A high-frequency 
aphasia therapy where language is embedded in communicative 
interactions relevant to everyday life [1,2]
e.g. ILAT emphasizes requesting over naming

Stroke patients exhibit altered temporal dynamics in BOLD signals,    
suggesting the standard hemodynamic response function (HRF) may

  not be applicable  [3,4,5]  
 Analyzing Long-Range Temporal Correlations (LRTC) avoids models 
that rely on time-specificity of the HRF

LRTC = a “self-similarity” measure & in BOLD timeseries have  been 
shown to reflect learning processes and depressiveness [6,7]

 LRTC: Patterns showing how signal fluctuations at one time point are 
related to fluctuations much later, showing brain activity is correlated 
[self-similar] over long periods and not random, indicating that the brain 
maintains a form of "memory" or dependency over time, which may 
relate to how it processes and consolidates information

HYPOTHESES & METHODS
HYPOTHESES: 1. Therapy is accompanied by changes in LRTC 2. 
Changes in LRTC are related to a) changes in behavioral language 
performance and b) changes in depressiveness 

METHODS: 24 chronic stroke patients (8 excluded, 9f, age: x̄: 53.6y, σ: 
15.7) from 3 randomised controlled trials [8,9, one unpublished]

 fMRI pre- & post-ILAT; passive reading task (16min)
 language (Aachen Aphasie Test; AAT) and depressiveness (Montgomery 
– Åsberg Depression Rating Scale; MADRS) tests pre & post therapy

 BOLD LRTC measured via detrended fluctuation analysis (DFA)[8] in 3   
region of interest approaches:  integrated (4 large language ROIs),    
focused (13 smaller language ROIs), and 116 whole brain ROIs based on 
the AAL atlas

 2x2x2 ANOVA tested time, hemisphere, ROI effects (adjusted for   
age/treatment) in 4 integrated ROIs

 LRTC - behavioral change correlations across all ROI-approaches
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RESULTS
AGE & LRTC: 
A repeated measures 
ANOVA revealed a 
time x age 
interaction. Younger 
patients show 
greater LRTC 
reductions; older 
patients show LRTC 
increases across 
therapy (df=15, 
F=5.67, p=0.036)

LRTC & LANGUAGE:
 LRTC changes linked 
to language perfor- 
mance changes in 
right hemisphere 
perisylvian (Fig 1A) 
and bilateral memory 
and domain-general 
areas (Fig 2).

LRTC & 
DEPRESSION: 

LRTC changes cor- 
relate with changes 
in depressiveness in 
right perisylvian 
regions (Fig 1B).

DISCUSSION & TAKE HOME MESSAGE
 LRTC changes across therapy: 1. depend on age; 2. relate to changes in language performance as measured by clinical tests in 
right perisylvian and domain-general areas; 3. Relate to changes in depressiveness in right perisylvian areas

 Greater LRTC decreases  mark more significant learning gains and greater alleviation of depressiveness 
TAKE HOME: 1. We interpret our findings as evidence for linked recovery of language and mental health. 2. LRTC may act as a  
brain correlate for language performance- and depressivenes-related neuroplasticity in chronic post stroke aphasia therapy

ACKNOWLEDGEMENTS: This work was supported by the Deutsche 
Forschungsgemeinschaft (DFG) grants PU-97/15-1 & 2 and MO 697/5-2, and by 
the European Research Council (ERC) Grant ERC-ADG 883811. 

A

Figure 1: A. ΔHE & ΔmAAT Correlations Focused ROIs: Significant multiple comparison-
corrected correlations were found in the right hemisphere in the angular gyrus (AG, magenta, top 
graph), inferior frontal opercular (green), inferior frontal orbital (blue), inferior frontal triangular (IFTri, 
purple, middle graph), inferior parietal cortex (light green), middle temporal cortex (cyan), postcentral 
cortex (dark blue), precentral cortex (beige), and superior temporal cortex (STC, red, bottom graph).
B. ΔHE & ΔMADRS Correlations: Significant correlations, similarly corrected, were found in the 
right hemisphere in the same regions as in panel A, with the addition of the rolandic opercularis (not 
shown). 

Figure 2: ΔHE & ΔmAAT Correlations Whole Brain ROIs: 
Significant multiple comparison-corrected (FDR) correlations 

were found in 10 out of 116 regions comprising of mainly 

domain-general and memory regions (dark blue), further 

depicted are significant uncorrected correlations (light blue).
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