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Abstract 
Introduction: Premature ejaculation (PE) is one of the most prevalent male sexual disorders, with lifelong PE (LPE) affecting ∼cx3%-5% of men. 
While peripheral, psychological, and relational factors are well-known contributing factors, accumulating neuroimaging and electrophy siological
evidence suggests central neural mechanisms, including serotonergic, dopaminergic, and other neuromodulatory pathways play a role.
Objectives: To synthesize findings from neuroimaging and electrophysiological (electroencephalography) studies, providing an integrative 
perspective on the neural substrates of LPE and identifying gaps for future research.
Methods: A narrative review was conducted based on 43 original studies reporting structural-, functional-, and network-level neural correlates of 
LPE. The literature search and selection were performed in accordance with the Scale for the Assessment of Narrative Review Articles guidelines 
to ensure transparency and methodological rigor. Studies were categorized by modality, and findings were qualitatively synthesized to identify
convergent patterns, regional alterations, and clinical correlations.
Results: Structural neuroimaging in LPE patients consistently demonstrates altered gray matter volume, cortical thickness, and white matter 
microstructure in prefrontal, orbitofrontal, striatal, thalamic, limbic, and temporal regions. Functional analyses reveal reduced top-down inhibitory 
control from prefrontal regions, hyperconnectivity within limbic–temporal sensory circuits, and dysregulated network dynamics across cortico-
striato-thalamic pathways. Electroencephalography studies indicate abnormal cortical excitability and high-beta responses in frontal and temporal
regions during sexual arousal. Multimodal studies show these neural alterations correlate with clinical severity, and machine learning models
achieve high accuracy in differentiating LPE patients from healthy controls.
Conclusions: LPE is associated with distributed neural network dysfunction, characterized by impaired inhibitory control, exaggerated sensory 
processing, and dysregulation of serotonergic, dopaminergic, and other neuromodulatory systems. Although central changes may be both a 
cause and a consequence of LPE, these findings primarily advance mechanistic understanding and should be considered research-level indicators
rather than diagnostic biomarkers.

Keywords: lifelong premature ejaculation; fMRI; DTI; S tructural MRI; neural mechanisms.

Introduction 
Premature ejaculation (PE) is among the most prevalent male 
sexual disorders, with an estimated lifelong prevalence of
3%-5%.1,2 Although matter of future revision,3 the lifelong 
PE (LPE) has been defined by the chronic inability to con-
trol ejaculation w ithin about one minute of penetration and
associated personal distress.4 While peripheral, psychologi-
cal, and relational factors have been discussed for decades, 
increasing evidence indicates that PE also involves central
neural mechanisms.5 The consistent efficacy of selective sero-
tonin reuptake inhibitors (SSRIs) in prolonging ejaculation 
latency supports the view that central—and perhaps periph-
eral—serotonergic regulation of sexual response plays a cru-
cial role.6 However, the efficacy of SSRIs in treating PE 
does not account, as frequently but erroneously assumed7— 
that patients with PE necessarily have a derangement of the 

serotonergic pathway. A similar example is seen in erectile dys-
function: although phosphodiesterase 5 (PDE5) inhibitors are 
effective, their efficacy does not demonstrate that erectile dys-
function (ED) is caused by a pathological alteration in PDE5
activity or production.8 Thus, other mechanisms should be
examined.

Over the past decade, advances in neuroimaging (eg, 
functional magnetic resonance imaging: fMRI, diffusion 
tensor imaging: DTI) and electrophysiological (eg, electroen-
cephalography: EEG) methods have provided unprecedented 
insights into the neural basis of ejaculatory control. These 
approaches enable in vivo assessment of brain activity,
structural connectivity, and network organization, revealing
how alterations in cortical and subcortical circuits might
underline and/or mirror impaired inhibitory control and
heightened sexual excitability observed in LPE.
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The available guidelines and the revisions of the current 
literature have broadly summarized the epidemiology, patho-
physiological mechanisms, and management of PE.9 However, 
most of these works only briefly touch upon neurobiologi-
cal mechanisms, without systematically integrating evidence 
from functional and structural imaging, electrophysiology, 
and molecular imaging (positron emission tomography: PET).
To date, no focused narrative review has synthesized the neu-
roimaging and electrophysiological evidence that specifically
addresses the central neural involvement in LPE.

Therefore, the present review aims to fill this gap by 
providing an updated synthesis of 43 original neuroimaging 
and electrophysiological studies investigating brain structure, 
function, and connectivity in LPE. We summarize conver-
gent and divergent findings across modalities, highlight 
emerging neurobiological models of ejaculatory control,
and discuss methodological limitations and directions for
future research. By integrating multimodal evidence, this
review offers a novel perspective on the central involvement
in LPE and their implications for diagnosis and treatment
development.

Literature search and scope of the review

This narrative review was conducted in accordance with the 
Scale for the Assessment of Narrative Review Articles guide-
lines,10 ensuring transparency in literature search, selection, 
and synthesis. To ensure comprehensive coverage, a structured 
search was conducted in Google Scholar for studies pub-
lished from 2008—when the International Society of Sexual 
Medicine (ISSM) definition of lifelong and acquired PE was 
introduced—through October 2025. The literature search 
was conducted using combinations of keywords based on
the following search formula: (“premature ejaculation” OR
“rapid ejaculation” OR “early ejaculation”) AND (fMRI OR
“functional MRI” OR “resting-state” OR “task fMRI” OR
DTI OR “diffusion tensor” OR EEG OR “electroencephalog-
raphy” OR PET OR “PET imaging” OR “positron emission”
OR neuroimaging).

Eligible studies were included if they met the following cri-
teria: (1) involved human participants diagnosed with LPE; (2) 
employed neuroimaging or electrophysiological techniques— 
including fMRI, MRI, DTI, PET, or EEG—to explore neu-
ral correlates of ejaculatory control; (3) reported outcomes
related to brain structure, function, or electrophysiological
activity associated with ejaculation regulation; and (4) were
published in English-language, peer-reviewed journals.

Studies were excluded if they were review articles, animal 
experiments, case reports without neuroimaging or electro-
physiological data, or focused solely on secondary PE or other
sexual dysfunctions.

Following the application of these criteria, a total of 43 eli-
gible studies were identified and subsequently categorized into 
two broad methodological groups. The first group comprised 
neuroimaging studies, which included findings from MRI, 
fMRI, and DTI. The second group encompassed electrophys-
iological studies, which incorporated evidence derived from
EEG paradigm. It should be noted that an EEG-based study11 

was published in 2008, likely conducted before that year. Since 
the ISSM classification for LPE and APE was introduced in
2008, Hyun et al.’s study11 did not use the ISSM definition of 
LPE. Nevertheless, we included it for the sake of completeness
in this review.

Results and evidence synthesis

The 43 original studies included in our review are summarized
in Table 1. Based on the synthesis of 43 original studies 
employing neuroimaging (fMRI, DTI, Structural Magnetic 
Resonance Imaging - sMRI) and EEG methods, we con-
structed a conceptual model summarizing the core neural
pathways implicated in LPE (Figure 1). 

Neuroimaging evidence 
Over the past decade, neuroimaging studies have provided 
convergent evidence that LPE is associated with altered brain 
structure and function across regions involved in sensori-
motor control, emotional regulation, and reward processing.
fMRI, DTI, and structural MRI investigations consistently
reveal dysregulation within the prefrontal–striatal–limbic–
hypothalamic network, supporting the central origin hypoth-
esis of LPE.

Functional connectivity and network 
r eorganization

Resting-state fMRI studies have shown abnormal intrinsic 
connectivity in multiple networks governing inhibitory con-
trol and salience detection. LPE patients exhibit decreased 
functional connectivity (FC) between the striatum and insula,
orbitofrontal cortex (OFC), superior temporal pole, and mid-
dle cingulate cortex, alongside increased FC between the
caudate and OFC and between putamen and fusiform gyrus.38 

Similarly, hypothalamus-seeded FC analyses revealed reduced 
coupling with the insula, fusiform gyrus, parahippocampus, 
and cerebellum, suggesting compromised hypothalamic inte-
gration of limbic and autonomic signals.39 These connectivity 
deficits correlated with intravaginal ejaculatory latency time
(IELT), supporting their clinical relevance.

Dynamic functional connectivity analysis further demon-
strated reconfiguration of temporal brain states in LPE. 
Patients spent more time in high-connectivity states with
reinforced intra- and inter-network coupling, while transitions
between network states were less flexible.35 Such inflexibility 
may reflect maladaptive persistence of high-arousal neural
states during sexual activity.

At the cortical level, hyperconnectivity in the middle tem-
poral gyrus (MTG) and parahippocampal regions has been
reported,37 suggesting excessive engagement of perceptual– 
emotional circuits during sexual stimuli. Conversely, reduced 
FC in the default mode network and prefrontal control regions
has been linked to impaired self-monitoring and ejaculatory
inhibition.19 

Structural and diffusion imaging findings

Structural MRI and DTI studies indicate microstructural reor-
ganization in white matter tracts and gray matter morphol-
ogy. Increased local efficiency and clustering coefficient were 
observed in the left inferior frontal gyrus and precentral gyrus,
while—interestingly—divergent patterns in the left amygdala
distinguished lifelong from acquired PE.26 Source-based mor-
phometry revealed gray matter volume abnormalities within 
the default mode and prefrontal networks, correlating spa-
tially with neurotransmitter pathways including serotonin,
dopamine, and γ -aminobutyric acid (GABA).43 

In patients with comorbid depression, topological alter-
ations in the striato-thalamo-cortical circuits were identified,
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Figure 1. Integrative neural model of lifelong premature ejaculation based on 43 neuroimaging and electrophysiological studies. Solid black arrows 
indicate the primary bottom-up processing flow from sensory input to ejaculatory reflex. Dashed black arrows represent feedback loops reflecting 
top-down or modulatory control between cortical, limbic, and subcortical regions. Note: Full forms of the acronyms appearing in this figure are provided
in the acronym list.

characterized by abnormal degree centrality and global effi-
ciency,22 implying that affective modulation further perturbs
ejaculatory control networks.

Neurochemical and multimodal insights

Recent multimodal studies have begun to integrate neuro-
transmitter mapping with neuroimaging metrics. Altered 
percent amplitude of fluctuation (PerAF) was observed in 
the insula, middle cingulate cortex, supramarginal gyrus, and
parahippocampal regions, and these functional abnormalities
correlated spatially with dopaminergic, cholinergic, and
adrenergic systems.20 Collectively, these findings indicate 
that serotonergic and dopaminergic dysregulation may jointly 
modulate the neural excitability of regions critical for sensory,
emotional, and inhibitory control of ejaculation.

In summary, neuroimaging studies demonstrate that LPE 
involves decreased prefrontal and parietal inhibitory con-
trol, hyper-responsivity within limbic and temporal emotional 
circuits, disrupted integration across hypothalamic–striatal– 
cortical pathways, and neurochemical imbalances in seroton-
ergic and dopaminergic systems. Collectively, these findings
provide a multilevel neural framework for understanding the
central mechanisms underlying ejaculatory dysregulation.

Electrophysiological evidence 
Electrophysiological investigations using EEG have provided 
complementary evidence for abnormal cortical excitability 
and information processing in PE, capturing the temporal
dynamics of neural dysfunction not accessible by fMRI.

Altered cortical activation and inhibit ory control

Early EEG studies demonstrated reduced alpha-band power 
and altered cortical source activity in the right precentral 
gyrus, insula, and superior parietal lobules during erotic
stimulation in PE patients compared with controls.11 These 
changes suggest decreased cortical inhibition and disrupted
sensory integration during sexual arousal.

Subsequent work by Kwon et al.16 further showed that 
administration of sertraline, a SSRI, increased high–beta–band 
current source density in the superior and medial frontal 
gyri—regions implicated in executive control and inhibitory 
regulation—while decreasing activation in occipitotemporal 
visual areas. This pattern indicates that serotonergic modula-
tion may enhance prefrontal inhibitory activity and normalize
cortical processing during erotic stimulation in men with
PE, providing electrophysiological evidence for the central
inhibitory mechanism of SSRI treatment.
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Synthesis of evidence

Across modalities, the collective evidence supports a dual-
pathway model of the neurobiology of LPE. This model 
encompasses deficient prefrontal–striatal inhibitory control, 
which correlates with the suppression of ejaculatory reflexes, 
and hyperresponsive limbic–temporal sensory circuits, which 
mirrors the increase in the arousal and acceleration of the 
reflex activation. These central abnormalities likely interact 
with serotonergic and dopaminergic dysregulation, exacer-
bating the rapid ejaculation and reducing volitional control,
the two major characteristic of LPE. Taken together, findings
from neuroimaging and electrophysiological studies converge
to conceptualize LPE as a disorder correlated with impaired
top-down regulation and coupled with excessive bottom-up
arousal (Figure 1). 

Discussion 
Summary of ke y findings

This narrative review synthesizes evidence from 43 original 
neuroimaging and electrophysiological studies, highlighting 
that LPE is associated with widespread alterations across 
prefrontal, striatal, limbic, thalamic, and temporal regions,
encompassing both structural and functional abnormal-
ities. Neuroimaging studies demonstrate decreased gray
matter volume32,43,52 and altered cortical thickness in 
prefrontal and orbitofrontal regions,42 reflecting impaired 
top-down inhibitory control; microstructural white matter 
changes in tracts connecting prefrontal, striatal, and limbic
regions,53 indicating disrupted information integration; 
altered connectivity within cortico-striatal–limbic circuits, 
characterized by reduced prefrontal and insular regula-
tion and abnormal engagement of limbic and temporal
regions17; and neurochemical abnormalities, particularly 
in serotonergic and dopaminergic pathways,20,43 which 
correlate with clinical severity as measured by premature 
ejaculation diagnostic tool (PEDT) scores. Complementing 
these findings, electrophysiological studies indicate altered
cortical activity in frontal, temporal, and parietal regions
during sexual arousal, reflecting disrupted inhibitory pro-
cessing.11,16 Collectively, these results suggest that LPE is 
not merely a peripheral or psychological disorder, but may 
involve a complex neurobehavioral condition produced by a
dysregulated top-down control and exaggerated bottom-up
arousal.

Theoretical interpr etation

The convergent evidence supports a dual-pathway model of 
ejaculatory control, incorporating both top-down inhibitory 
deficits and bottom-up hyperexcitability. Dysfunction in the 
prefrontal cortex—especially the dorsolateral, medial, and 
orbital regions—reduces the ability to suppress spinal ejacu-
latory reflexes, while altered connectivity between prefrontal,
striatal (caudate and putamen), and thalamic regions under-
pins impaired inhibitory control.27,41,43 Subcortical struc-
tures including the amygdala, hippocampus, and hypothala-
mus also show structural and functional abnormalities, con-
tributing to dysregulated ejaculatory timing and heightened
sympathetic activity.26,39,52 

Concurrently, enhanced sensory processing in temporal, 
parietal, and insular cortices, as well as hyperconnectivity in 
the middle cingulate and MTG subregions, accelerates sexual

arousal and ejaculatory response, consistent with reduced
cortical gating observed in EEG, fMRI, and PerAF stud-
ies.16,20,37 White matter microstructural changes, including 
altered fractional anisotropy in thalamocortical and striato-
cortical pathways, further indicate impaired signal conduction
efficiency.50,53 

These neural dynamics are modulated by neurochemical 
imbalances, including serotonergic hypofunction, dopamin-
ergic hyperactivity, and alterations in acetylcholine and 
epinephrine pathways, providing a mechanistic basis for the
efficacy of SSRIs in increasing the ejaculatory control54-56 and 
in prolonging IEL T.20,41 Importantly, multimodal imaging 
studies, combining structural MRI, DTI, fMRI, and machine 
learning analyses, reveal that PE reflects distributed network 
dysfunction spanning cortical and subcortical systems,
emphasizing the need for integrative, network-based models
rather than simplistic lesion-based explanations.35,46 

Clinical implications 
The neuroimaging findings summarized in this review pro-
vide valuable insights into the central mechanisms that may 
underlie LPE. However, their current clinical applicability 
remains limited, and diagnosis should continue to rely pri-
marily on clinical history, patient-reported symptoms, and
standardized questionnaires, rather than neuroimaging or
electrophysiological tools. Although structural and functional
alterations in prefrontal–striatal–limbic circuits correlate with
PEDT scores and IELT in several studies,27,35,38,43 these 
associations should be interpreted as research-level observa-
tions, not as objective biomarkers suitable for routine clin-
ical assessment. At present, neuroimaging cannot reliably
determine the presence or severity of LPE at an individual
level.

Despite these limitations, several potential translational 
implications can be cautiously considered. Interventions 
targeting these circuits—such as cognitive-behavioral therapy ,
emotion regulation training, or neuromodulation aimed at
enhancing prefrontal inhibitory control and modulating
limbic hyperactivity13,37,39—may complement pharma-
cotherapy.57 Similarly, neuromodulation techniques designed 
to change prefrontal regulatory function remain conceptually
promising,58 but empirical validation in LPE is still lacking. 
Pharmacologically, SSRIs are thought to exert therapeutic 
effects by restoring serotonergic tone within prefrontal–limbic
networks, consistent with observed prefrontal hypoactivity
and striatal–limbic hyperresponsiveness,16,20,59 as early 
pointed out60; future strategies may also consider dopaminer-
gic modulation or targeting GABAergic/glutamatergic balance 
based on individualized neural profiles.41,53 Multimodal 
neuroimaging studies employing machine learning and 
support vector machines have demonstrated high accuracy in
distinguishing LPE patients from controls,35,46 but findings 
remain preliminary due to relatively small sample sizes. Their 
relevance to individualized clinical decision-making is there-
fore limited and premature. At this stage, such approaches 
should be viewed as exploratory tools for understanding 
pathophysiology, not as precursors to clinically actionable
diagnostic systems. Overall, while neuroimaging research
enriches our understanding of the central mechanisms
implicated in LPE, its clinical impact is currently modest, and
future longitudinal, adequately powered studies are essential
before any translational applications can be responsibly
considered.
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Critical approach to the neur obiological evidence

on LPE

Marcel Waldinger’s early work helped bring biological mech-
anisms of PE into scientific focus.61 Waldinger believed that 
PE is the result of a congenital alteration of the serotonin 
pathway, with a genetic basis that has been long sought,
without ever yielding definitive results in humans.62 The 
intent was certainly virtuous, even if it resulted in an oversim-
plification of a complex and multifaceted symptom like PE 
and ultimately led research down a blind alley. The uncon-
vincing data may have arisen from the apodictic certainty 
that the simplistic temporal characterization of PE can iden-
tify two homogeneous groups of patients: LPE versus APE.
Phenotypic heterogeneity poses a methodological challenge
for neuroimaging research on LPE. Individuals may present
with persistent, lifelong-onset ejaculatory symptoms driven
primarily by psychosocial or contextual factors, yet meet
diagnostic criteria for LPE.63 Without rigorous phenotyping, 
such cases may introduce noise into neurobiological analyses 
and confound mechanistic interpretations. While almost all 
PE studies have been claimed to be performed on heterosexual
populations, a psychometric tool, such as XYGO, to stratify
patients according to sexual orientation and gender identity
has never been used yet.64 Strangely, the issue of homogeneity 
in the experimental sample has received little attention in 
studies on PE. For example, it has been only very recently
demonstrated that severity LPE could be classified on the
different outcomes of the PEDT.65 

Despite these biases, the merit of the neurobiological 
approach has been enormous. This line of inquiry—the 
search for the biological basis of sexual behavior and, in
particular, ejaculatory disorders—has since been continued
and expanded by numerous independent research groups.66 

The problem of sampling homogeneity could be in the 
future overcome by comparing two populations: for example, 
those with LPE versus those with APE, or those with clinical 
PE versus those with subclinical PE (a condition easily recog-
nizable using major and minor criteria), or those with “pure”
PE versus those with loss of erectile and ejaculatory control, a
condition occurring in up to 50% of patients with PE.67 This 
strategy could also be useful for better understanding another 
issue raised by the studies reviewed here: that of cause–effect
relationships.

In fact, a second major point should be considered when 
evaluating the important studies here summarized. Brain is 
likely the most plastic human tissue and its morphology is 
largely dependent on the experience and on behaviors. Hence, 
while the central alterations here described could potentially
cause LPE, they could be consequences of the chronic inability
to control ejaculation generated by several known and yet
unknown causes. The impossibility of establishing a causative
relationship is not rare in neurobiological studies.

The third limit is also methodological. Most studies feature 
relatively small sample sizes, limiting the generalizability of 
findings. Cross-sectional designs predominate, making it diffi-
cult to establish causality or to disentangle predisposing traits 
from compensatory adaptations, as pointed out above. Multi-
modal integration remains sparse, with few studies combining 
structural, functional, and neurochemical measures. More-
over, sexual and psychological context is often insufficiently 
controlled, and comorbidities such as anxiety and depression
may confound neural findings. It is noteworthy that most

neuroimaging studies on LPE have been conducted in China,
while evidence from other regions remains limited. This geo-
graphical concentration may affect the generalizability and
external validity of current findings. Future research should
involve multicenter and cross-cultural collaborations.

However, all those limits, frequently experienced in the 
young field of sexual medicine when “boldly go(ing) where no
man has gone before,”68 should not decrease the interest in the 
neurobiology of PE. The central morphological and functional 
alterations here described, even in the case we assume that 
are not the (unique) etiology of LPE, should be regarded as 
a major contributing factor, amplifying, exacerbating, and 
making chronic the inability to control ejaculation in some 
patients affect by PE. In fact, it is evident that the consistent
demonstration of central alterations in LPE, thanks to large
production of original and new data, is the most hectic, active,
and promising subfield in contemporary PE research.

Future dir ections

Future research should prioritize longitudinal, multimodal 
imaging studies to track neural changes before and after 
treatment and comparison of the findings obtained in different 
homogeneous subsets of patients. Network-based and compu-
tational modeling approaches are needed to quantify the inter-
actions between top-down inhibitory and bottom-up excita-
tory processes underlying ejaculatory control. Integrating neu-
rochemical imaging techniques, such as PET and proton mag-
netic resonance spectroscopy, with structural and functional 
MRI could elucidate how neurotransmitter dynamics relate to
network dysfunction. Additionally, developing personalized
neuromodulatory or pharmacological interventions guided by
neural biomarkers may enhance treatment efficacy. Finally,
employing sexually relevant ecological paradigms in fMRI
and EEG studies could provide more accurate insights into
real-world sexual behavior and associated neural responses.

Conclusions 
Collectively, neuroimaging and electrophysiological studies 
support a central neural involvement in LPE, characterized 
by impaired prefrontal inhibitory control, and dysregulation 
of serotonergic, dopaminergic, and other neuromodulatory 
pathways. These neural alterations, that characterize LPE 
as a cause, a con-cause or an exacerbating consequence, 
may underlie accelerated sexual arousal and deficient top-
down control over spinal ejaculatory reflexes. Importantly, 
multimodal imaging and machine learning studies suggest
that LPE reflects distributed network dysfunction rather than
isolated regional lesions, extending classical psychosexual and
peripheral hypotheses. This mechanistic framework reflects
research-level neural correlates identified in LPE—rather than
acquired or secondary forms of PE—and may inform future
hypothesis-driven work. Nevertheless, large-scale and longitu-
dinal studies are needed before any diagnostic or therapeutic
translation can be considered.
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