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Functional brain neuroimaging as a tool to study gastrointestinal 
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Bladder and bowel functions are regulated by complex neu-
ronal networks. The bladder and terminal bowel receive 
sympathetic (hypogastric nerve), parasympathetic (pelvic 
nerve), and somatic (pudendal nerve) inputs. Sympathetic 
innervation of the bowel and bladder originates in the lower 
thoracic and upper lumbar spinal cord segments and regu-
lates continence of urine and stool, whereas parasympa-
thetic innervation controls the musculature of the bladder 
and bowel and is responsible for micturition and defecation 
[1]. The role of the central nervous system in the regulation 
of bowel and bladder functions remains poorly understood. 
As a general rule, the brain is thought to have an inhibi-
tory influence on the bladder; suprapontine lesions result 
in decreased bladder capacity and detrusor overactivity 
manifesting with predominantly storage symptoms (urinary 
urgency and/or incontinence). Spinal cord lesions above 
the lumbosacral level eliminate voluntary and supraspinal 
control of voiding, leading initially to an areflexic bladder 
and urinary retention, followed by slow development of 
automatic micturition and neurogenic detrusor overactivity 
mediated by spinal reflex pathways. Peripheral nerve lesions 
are associated with predominantly voiding symptoms with 
impaired detrusor contractility [1]. As for bowel function, 
the brain, spinal cord, and peripheral nerves are thought to 
have a facilitatory effect; lesions cause slower colonic transit 
time, decreased colonic contraction, anismus, constipation, 
and paralytic ileus, however, exceptions exist [1, 2]. The 
parasympathetic innervation of the gut is provided by the 
vagus nerve except for the descending colon, sigmoid, and 
rectum, which are innervated by the sacral parasympathetic 

system. Moreover, the enteric nervous system is capable of 
independent function and intrinsic pacemaker activity from 
the interstitial cells of Cajal.

The role of supratentorial and brainstem structures in 
control of lower gastrointestinal function in humans is less 
well documented than in control of bladder function and data 
from experimental models and human studies are limited. 
Functional brain magnetic resonance imaging (fMRI) has 
led to significant advances in the understanding of human 
central autonomic network function. Increased activity in 
different brain regions including the anterior cingulate cor-
tex, insular cortex, prefrontal cortex, and thalamus have 
been documented using fMRI in patients with functional 
gastrointestinal disorders (e.g., irritable bowel syndrome 
with constipation) [3, 4]. Constipation is the most frequently 
reported nonmotor gastrointestinal symptom of Parkinson’s 
disease (PD). James Parkinson himself, in the classic “An 
Essay on the Shaking Palsy” published in 1817, described 
severe constipation requiring mechanical removal of the 
feces [5]. More than a century later, the pathophysiology 
of constipation in PD remains poorly understood. Several 
factors including lack of mobility, side effects of medica-
tions, and reduced fluid intake may promote constipation 
in patients with PD. Disease-related pathomechanisms have 
been identified and evidence suggests that delayed colonic 
transit in PD stems from disordered central as well as periph-
eral parasympathetic system dysregulation [6]. The study by 
Zheng and colleagues is the first to investigate functional 
changes in the central nervous system associated with bowel 
dysfunction in patients with PD [7]. The authors studied 106 
patients with PD with constipation and 73 patients with PD 
without constipation. They analyzed resting-state functional 
connectivity which measures the temporal correlation of 
spontaneous blood-oxygen-level-dependent (BOLD) signal 
among spatially distributed brain regions, with the assump-
tion that regions with correlated activity form functional 
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networks. In the group of patients with constipation, they 
found increased low-frequency fluctuation in the right dorsal 
pons extending into the cerebellum and in the right insula. 
They also found differences in functional connections link-
ing the superior temporal gyrus, particularly the right supe-
rior temporal gyrus, with multiple brain regions [7].

Of particular interest, the dorsal pons, cerebellum, and 
right insula are important structures for the control of blad-
der function. Among these brain areas, the dorsal pons 
includes the pontine defecation center (that is identical to 
the pontine micturition center located in the locus coer-
uleus). Increased activity in the insula has been reported in 
patients with irritable bowel syndrome with constipation [8], 
while the role of the cerebellum in the regulation of bowel 
function is not well understood [9]. The significance of the 
increased connectivity between the right superior temporal 
gyrus (exact location not shown) and other brain regions in 
patients with constipation is a matter of debate. Although 
the prefrontal cortex, cingulate cortex, and insular cortex 
are involved in the control of bowel function, the role of the 
temporal cortex has not been delineated [10]. In summary, 
the study by Zheng and colleagues is promising and paves 
the way for future research exploring the neural substrate 
of bowel dysfunction in PD. It would also be interesting to 
evaluate fMRI changes after pharmacological and nonphar-
macological interventions for constipation in PD.
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