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The periaqueductal gray (PAG) stands at the crossroads of con-
scious control and autonomic reflexes in micturition, yet we 
have only begun to understand its dynamic functional architec-
ture in health and disease. In this issue of the International 
Neurourology Journal, Chadily et al. [1] present compelling evi-
dence that overactive bladder (OAB) syndrome involves not 
merely altered connectivity patterns, but a fundamental loss of 
neural flexibility in PAG organization. Their work using ultra-
high-field 7 Tesla functional magnetic resonance imaging 
(MRI) reveals that while healthy individuals demonstrate dy-
namic reorganization of PAG connectivity over time—poten-
tially reflecting adaptive sensory processing —OAB patients 
exhibit a remarkably static pattern, locked in a state of func-
tional rigidity.

The Evolving Landscape of Neural Control
Our understanding of lower urinary tract neural control has 
undergone remarkable transformation over the past decade. As 
we previously discussed in our comprehensive review, the 
brain-bladder axis operates through complex, hierarchically or-
ganized circuits where the PAG serves as the critical integration 
center, receiving sensory information from the bladder and co-
ordinating with higher cortical regions to determine appropri-
ate responses [2]. The PAG exchanges bladder-related signals 
with multiple brain regions, functioning not as a simple relay 
but as an active processing hub that interprets ascending senso-
ry information and modulates descending motor commands 
[3].

The current study by Chadily et al. [1] advances this under-
standing by examining not just static connectivity patterns but 
their temporal evolution. Using sophisticated clustering analysis 
with the Louvain module detection algorithm, they demon-
strate that healthy controls show progressive changes in PAG 
functional organization during resting-state scanning (correla-
tion coefficients increasing from 0.30 to 0.48), while OAB pa-
tients maintain consistently high correlations (~0.58) through-
out the scanning period. This difference (P =0.017) suggests 
that the pathophysiology of OAB may involve not just altered 
connectivity strength but impaired dynamic flexibility.

Methodological Innovation and Technical Considerations
The use of 7 Tesla MRI represents a significant methodological 
advance in neurourology research. As we have emphasized in 
previous editorials, technological innovation drives scientific 
discovery, and ultra-high-field imaging provides unprecedented 
spatial resolution for examining small brainstem structures [4]. 
The PAG, with its compact anatomy and columnar organiza-
tion, particularly benefits from this enhanced resolution. The 
authors’ approach of dividing the 420-volume scan into 6 tem-
poral blocks of 70 volumes each provides a novel window into 
the temporal dynamics of PAG organization, revealing patterns 
invisible to conventional static connectivity analyses.

However, we must acknowledge important limitations that 
temper our interpretation. The small sample size—only 4 OAB 
patients and 6 controls in the final analysis—and the signifi-
cant age mismatch between groups (mean age, 61 years vs. 31 
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years) raise questions about generalizability. Age-related chang-
es in brain connectivity are well-documented, and we cannot 
exclude the possibility that the observed differences reflect ag-
ing rather than OAB pathophysiology per se. Furthermore, the 
absence of urodynamic confirmation prevents us from defini-
tively linking the observed neural patterns to detrusor overac-
tivity, the presumed peripheral substrate of OAB symptoms.

Clinical Implications and the Promise of Biomarkers
Despite these limitations, the implications of this work extend 
beyond academic interest. The identification of reduced dy-
namic flexibility in PAG organization offers a potential neuro-
imaging biomarker for OAB —something our field has long 
sought. As we have noted in our discussions of future directions 
for neurourological research, objective biomarkers could revo-
lutionize patient stratification and treatment selection [5]. If 
validated in larger cohorts, PAG connectivity patterns might 
predict treatment response to anticholinergics, beta-3 agonists, 
or neuromodulation therapies.

The concept of neural rigidity in OAB aligns with emerging 
understanding of the condition as a disorder of sensory pro-
cessing rather than purely motor dysfunction. The static PAG 
organization observed in patients may reflect a system unable 
to adaptively process changing bladder sensations, potentially 
explaining the characteristic urgency that defines OAB. This 
perspective shifts our focus from peripheral bladder abnormali-
ties to central neural mechanisms, opening new therapeutic av-
enues targeting brain plasticity rather than bladder contractility.

Integration with Existing Knowledge
These findings complement our evolving understanding of 
PAG function in micturition control. Previous work has estab-
lished that the PAG contains distinct functional columns corre-
sponding to different aspects of autonomic control [6]. The 
current study suggests these columnar organizations may not 
be fixed but rather exhibit dynamic reorganization in response 
to changing physiological states. The loss of this flexibility in 
OAB represents a novel pathophysiological mechanism that 
bridges molecular, cellular, and systems-level dysfunction.

We must also consider how these findings relate to other 
brain regions implicated in OAB. The PAG does not operate in 
isolation but forms part of an extensive network including the 
prefrontal cortex, anterior cingulate cortex, and insular cortex 
[7]. Future studies should examine whether the observed rigid-
ity in PAG organization extends to these connected regions, 

potentially revealing a broader pattern of neural inflexibility in 
OAB.

Future Directions and Research Priorities
Moving forward, several research priorities emerge from this 
work. First, we need larger, age-matched cohorts with compre-
hensive phenotyping including urodynamic studies, symptom 
questionnaires, and bladder diaries. Second, longitudinal stud-
ies examining PAG connectivity before and after successful 
treatment could establish whether restoration of dynamic flexi-
bility accompanies clinical improvement. Third, investigation 
of PAG dynamics during actual bladder filling—not just rest-
ing state—would provide more direct insight into sensory pro-
cessing abnormalities.

The technical challenges of such studies should not be under-
estimated. Scanning during natural bladder filling requires ex-
tended protocols that may be uncomfortable for OAB patients 
experiencing urgency. The use of catheterization, while ensur-
ing standardized bladder states, introduces an artificial element 
that may influence neural activity. Nevertheless, these challeng-
es must be overcome to fully understand the dynamic neural 
processes underlying normal and pathological bladder control.

Conclusion: Toward Precision Neurourology
The work of Chadily et al. [1] represents an important step to-
ward precision medicine in neurourology. By revealing tempo-
ral dynamics of PAG organization previously hidden from view, 
they have identified a novel mechanism —neural rigidity —
that may contribute to OAB pathophysiology. While replication 
in larger cohorts is essential, this finding opens exciting possi-
bilities for developing objective biomarkers and targeted thera-
pies.

As we continue to unravel the complex neurobiology of blad-
der control, we must embrace both technological innovation 
and conceptual evolution. The integration of advanced neuro-
imaging with systems neuroscience approaches promises to 
transform our understanding of lower urinary tract dysfunc-
tion. The International Neurourology Journal remains commit-
ted to publishing such transformative research, fostering the in-
terdisciplinary collaboration necessary to translate these discov-
eries into clinical benefit for our patients.

The journey from identifying altered PAG connectivity pat-
terns to developing targeted therapeutics will require sustained 
effort across multiple disciplines. Yet the potential rewards—
objective diagnosis, personalized treatment selection, and novel 
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therapeutic targets—justify this investment. As we stand at the 
threshold of a new era in neurourology, studies like this remind 
us that the brain, in all its dynamic complexity, holds the key to 
understanding and treating lower urinary tract dysfunction.
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