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Neuroimaging biomarkers of psychogenic erectile dysfunction:
protocol for a systematic review

ABSTRACT

Introduction

Erectile dysfunction (ED) is the most common male sexual disorder which severely
impact the sexual performance and quality of life of males. Previous studies had
found that psychogenic ED (pED), the main subtype of ED, was more than a
genitourinary disease, it also had abnormal alterations in both brain structure and
function. However, the scattered neuroimaging biomarkers of pED in individual
studies have yet been summarized. The objective of this systematic review is to
integrate and assess the evidences of the impact of pED on male’s brain structure and

function.
Methods and analysis

Five databases (PubMed, EMBASE, Web of Science, CBM, CNKI) will be
systematically searched from inception to 1 March 2019 with language restricted at
English and Chinese. Those studies focusing on the structural and functional
alterations in pED patients will be considered. The study selection will follow the
PRISMA guideline and the quality assessment will be conducted with a customized
checklist. A qualitative review will be performed to synthesize the brain structural and
functional alterations and the correlations between these altered cerebral regions and
the clinical variables in pED patients. If data available, an activity likelihood

estimation meta-analysis will also be launched.
Ethics and dissemination

Ethical approval is not required as primary data will not be collected. This review will

be published in a peer-reviewed journal and presented at conferences.
PROSPERO registration number

CRD42019117206
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estimation
Strengths and limitations of this study

1. This is the first systematic review and meta-analysis which integrate and assess the
central pathological characteristics of pED.

2. The qualitative description and quantitative synthesis (activity likelihood estimation
meta-analysis) will be combining used in this study.

3. A customized checklist is proposed to evaluate the quality of included studies
according to the purpose of this review.

4. This review will not restrict the race and age of participants, which will increase the

heterogeneity of included studies and may increase the risk of bias of the review.

INTRODUCTION

Erectile dysfunction (ED) is the most common male sexual disorder which
characterized by the persistent inability to attain or maintain an adequate erection to
obtain satisfactory sexual performance!. According to the epidemiological studies,
approximately 37% of males over 70 years old, and 11% of males in 30 years old
suffered from this sexual dysfunction®. As a physical and psychosocial illness, ED not
only impair male sexual confidence and satisfaction, but also severely impact the
quality of life (QoL)3# and marital relationship’ of patients and their female partners.
More importantly, ED has been confirmed as an independent risk factor of
cardiovascular diseases® 7. Based on the different causes® °, ED is classified as
psychogenic ED (pED), organic ED such as arteriogenic ED, Neurogenic ED,
venogenic ED, etc. and mixed ED. Different from organic ED which has clear causes
and pathological features, pED is generally caused by some uncertain psychological

factors!? ! and lack specific biomarkers.
Rationale for review

Penile erection is a complex physiological process which modulated by the central

3
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nervous system (CNS) and mediated by several neurotransmitters and neuropeptides'?
13, A meta-analysis identified that penile erection was regulated by several cerebral
regions and the activities of insular cortex, claustrum, putamen, and anterior
midcingulate cortex were consistently positively correlated with male penile
erection!4,

With the close relationship between brain and penile erection been wildly accepted,
using neuroimaging techniques to explore the central pathological features of ED
attracted many researchers’ attention'>-?0. For example, a functional MRI (fMRI)
studies on pED patients’ sexual arousal reported that pED patients manifested
deactivation in left superior parietal lobe and prefrontal cortex during
neurobehavioural stimulus?'. Another resting-state fMRI studies also suggested that
aberrant connection patterns between right anterior insula and right dorsolateral
prefrontal cortex as well as right anterior insula and right temporoparietal might be
the highlighted neuroimaging biomarkers of pED??. With structural MRI, researchers
found that compared with healthy controls (HCs), pED sufferers presented grey
matter atrophy in some subcortical structures including amygdala and nucleus
accumbens, and the atrophied degree of left nucleus accumbens have a significant
correlation with low erectile function?. Moreover, our previous studies?* also
determined that pED patients have significant white matter microstructure alterations.
Based on these neuroimaging studies, it could easily conclude that pED was more
than a genitourinary disease, it also has abnormal alterations in both brain structure
and functional activity. However, there were still some inconsistent or even
contradictory results in these studies because of the methodological issues, and the
central pathological alterations associated with pED remain unclear. Therefore,
launching a rigorous systematic review to synthesize the hitherto existing studies is
necessary, it will improve our knowledge of pED’s neurological underpinnings and

help to understand the role of CNS in sexual activity.

Objectives

The objective of this review is to contribute a comprehensive summary of brain

4
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structural and functional alterations in pED patients compared with the HCs.
Furthermore, this review also aims to synthesize the probable correlations between

these altered cerebral regions and the clinical variables.

METHODS

This protocol follows the Preferred Reporting Items for Systematic Reviews and
Meta-Analysis Protocols (PRISMA-P) 2015 statement? and has been registered with
the PROSPERO International Prospective Register of Systematic Reviews of the
University of York (registration number: CRD42019117206).
Eligibility criteria
The inclusion and exclusion criteria of studies will be described with the following
items:
Types of study
The case-control studies, cohort studies, as well as randomized controlled trials will
be included only if the original data of neuroimaging findings could be extracted. The
case reports, narrative or systematic reviews, meta-analyses, letters, and other
second-hand studies will be excluded.
Study design
Neuroimaging studies which centred on the differences in brain structure, brain
functional activity, structural and functional connectivity, etc. between pED patients
and HCs will be included. The longitudinal studies focusing on the management of
pED will also be considered as long as the baseline neuroimaging data was reported.
Both the resting state and task neuroimaging studies will be included, and no
neuroimaging modality will be restricted. Any publication acquired data using
multimodal neuroimaging techniques from the same participants will be collected
separately in this review?°,
Participants

Participants will be limited at the definite pED patients and the age-matched HCs,

and the minimum sample size is restricted at 12 participants per group according to
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previous studies?®?%. The race and age of participants will not be restricted in this
review.
Exposure
pED patients should be diagnosed with comprehensive history taking, physical
examination and even specific examinations according to the diagnostic guidelines
of European Association of Urology (EAU)*-3!, American Urological Association
(AUA)* 33 or other authoritative organization®*. The organic ED or mixed ED
patients, or patients with other andrological or cardiovascular complications will be
excluded. Some studies enrolled participants without clear discrimination of organic
or psychogenic ED will be considered after the comprehensive full-text assessment
or contacting the authors to identify the patients as pED.
Comparators
Containing a parallel HCs group is required for studies to be included in the current
review. Studies must contain HCs who had never been diagnosed with ED before
enrolment and had been reverified with the clinical examinations during researches.
Studies absenting from HCs or contrasting with previous studies will be excluded.
Outcome measures
The primary outcomes of the included studies are the functional and structural
alterations in the brain of the pED patients. The cerebral structure variables include
white matter microstructure, gray matter density and volume, and structural
connectivity. The cerebral function variables include whole-brain and
region-of-interest functional activity, functional connectivity (fMRI based on
blood-oxygen-level-dependent signal or cerebral blood flow), brain molecular
metabolism (PET, Single-Photon Emission Computed Tomography (SPECT)),
neurochemical activity (Magnetic Resonance Spectroscopy (MRS)) as well as brain
electrical activity (Electroencephalogram (EEG)), etc. The secondary outcomes of
these studies contain disease-related scales, QoL scales, emotional scales, and so on.
Report characteristics

The peer-reviewed original studies will be included, the conference proceedings and
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unpublished theses will be excluded. The publishing time will be restricted up to 1

March 2019 and the language will be restricted at English and Chinese.

Search strategy

Electronic searching will be conducted in PubMed, EMBASE, Web of Science, China
Biology Medicine Database (CBM) and China National Knowledge Infrastructure
(CNKI) using the medical subject headings (MeSH) terms. The PubMed (English)
and CNKI (Chinese) searching strategies are displayed in Table 1, and they will be
replicated for other electronic databases. Thereafter, the snowballing searching
strategy will be employed to find other eligible studies according to the reference lists
of enrolled literature. In addition, the WHO International Clinical Trials Registry
Platform will also be searched to mining more potential results.

[Insert Table 1 here]
Selection process

Covidence (https://www.covidence.org), the Cochrane Library recommend online
systematic review management system, will be used to manage literature. The initial
searching results with above strategies will be uploaded to Covidence for the first
step. After duplicates removed, TY will screen the title and abstract to identify
eligible records, JX will also randomly select 15% of records for screening to assess
the inter-rater agreement of the selection criteria. In this review, all the inter-rater
reliability will be assessed by kappa value. Kappa value over 0.75 indicates a high
agreement®>. After title and abstract screening completed, full-text records will be
uploaded to Covidence for intensive reading. Two reviewers (TY and JX) will
independently complete the full-text review, any disagreement between YT and XJ
will be reconsidered by a third reviewer (ZL). In this stage, eliminated reasons will be
detailed reported for those ineligible records.

The selecting process of records will be reported using the PRISMA flow diagram?3®.

Data collection

Two independent reviewers (TY and JX) will doubly extract data using a standard
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data extraction spreadsheet in Excel. Again, any inconsistency between these two
reviewers will also be consulted and judged by ZL, the third reviewer.
The following information will be retrieved and extracted from each record.
® Publication information: title, first author, publishing time, country/region,
funding supports.
® Details of methodology: participants, sample size, diagnostic criteria,
demographic characteristics (including age, handedness, ethnicity, and
education), imaging modalities, data analysis strategies, and clinical outcome
measures.
® Results: the significant altered cerebral regions (described with peak
MNI/Talairach coordinate, cluster sizes, and statistical threshold) and the
correlations of imaging data and clinical data.
Any missing or question about the above data will be settled by contacting the
author. If no clarification is provided after 4 weeks, the study will still be included in

the final analysis and discussion with the missing information marked.
Outcomes and prioritization

The primary outcome of this review is the significant altered cerebral regions in pED
patients compared with HCs. However, due to the variety of analytical measures
employed and great heterogeneity of the statistical thresholds of each study (e.g. voxel
cluster size thresholds, statistic magnitudes, methods of correcting for multiple
comparisons), it is unrealistic to set a uniform significance threshold. Therefore, the
‘significant’ results will follow the study authors” own criteria’’. Some neuroimaging
studies also reported results trending to significance or significant results only before
correction’’, for a more comprehensive view, these regions will be collected with
special symbols in qualitative synthesis. The secondary outcome is the correlations of
abnormal cerebral regions and clinical variables, which mainly include
symptom-related scales (such as International Index of Erectile Function 5 (IIEF-5)38,
Quality of Erection Questionnaire (QEQ)*°, and the Erection Hardness Score

(EHS))*, QoL questionnaire (the Sexual Life Quality Questionnaire (SLQQ))*' and

8

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 8 of 22



Page 9 of 22

oNOYTULT D WN =

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

BMJ Open

psychological assessment scales (such as Self-Rating Anxiety Scale (SAS)*,
Self-Rating Depression Scale (SDS)*, and Brief Psychiatric Rating Scale (BPRS)*).

Quality assessment

There are no standardized criteria for quality assessment of neuroimaging studies* 4.
Researchers of each study developed their own assessment tools based on some
existing tools (such as QUADAS-2, Newcastle-Ottawa Scale (NOS))* 4731, However,
because of the diverse objects of studies, the currently existing assessment tools are
not very suitable for our review. Therefore, after referring the NOS>2, some published
systematic reviews*-#7 33 and the Committee on Best Practices in Data Analysis and
Sharing in Neuroimaging Using MRI?* (http://www.humanbrainmapping.org), a
customized checklist is proposed in the current review. This checklist will be used to
evaluate the quality of the enrolled studies from 9 items (Table 2). Each item is scored
as 1 (Yes) or 0 (No or Don’t know), and the summation of each item generates an
overall quality score. The quality levels of studies are defined as high (8-9 points),
medium (5—7points) and low (1-4 points).
[Insert Table 2 here]

Quality assessment will be performed by a professional assessor (LL) and a
non-professional assessor (RS). These two assessors will independently evaluate the
enrolled studies based on the checklist, any discrepancy will also be reconsidered by a

third reviewer (ZL). Again, the inter-rater reliability will be assessed by kappa value.
Data Synthesis

Firstly, collected data including publication information, methodology, and the
significant findings of studies will be summarized with a table. And then, a qualitative
review will be performed to synthesize the brain structural and functional alterations
and the correlations between these altered cerebral regions and the clinical variables
in pED patients. If feasible (17 or more studies are included®), an activity likelihood
estimation meta-analysis®® 37 will also be launched to quantitatively synthesize the

differences of cerebral structure and function between pED patients and HCs. The
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subgroup analyses will not be performed in this review. The strength of evidence for

the final conclusion will be determined by the checklist described above.

CONCLUSION

Neuroimaging studies have verified the existence of structural and functional
alterations in the brain of pED patients, while the scattered neuroimaging biomarkers
of pED in individual studies have yet been summarized. Therefore, this systematic
review will be launched, aiming to synthesize the central pathological characteristics
of pED for the first time. This work will provide a coherent synthesis of the recent
neuroimaging studies on pED and improve our knowledge of pED’s neurological
underpinnings.

Patient and public involvement

This is a systematic review protocol; no patients and public were involved.

Ethics and dissemination

Ethical approval is not required for this study. This review will be published in a
peer-reviewed journal and presented at conferences.
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