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Abstract

Background:Hyaluronic acid is a glycosaminoglycanwidely used in the fields of ortho-

pedics, ophthalmology, and aesthetic medicine due to its significant ability to reduce

the synthesis of pro-inflammatory proteins and its activity against oxidative stress, a

feature of many degenerative illnesses.

Objectives: The objective of the present review is to provide a comprehensive narra-

tive review of the most recent literature on the use of hyaluronic acid in andrology in

order to facilitate the use of this therapeutic device in the common clinical practice of

many physicians. Specific conditions covered in the review are Peyronie’s disease, pre-

mature ejaculation, and penile enlargement.

Materials and methods: A broad and comprehensive literature search included Med-

line, EMBASE, and the Cochrane Libraries, with no time restriction up to December

2020 and restricted to English language publications. Unpublished studies were not

included. The study was registered as “The role of hyaluronic acid in andrology: A sys-

tematic review andmeta-analysis” in PROSPEROwith the ID CRD42021223416.

Discussion and conclusion:Hyaluronic acid is a valid choice for the treatment of Pey-

ronie’s disease in terms of the resolution of the acute phase of the disease and of con-

tributing to stabilizing the disease as a bridge to potential surgery. Data, furthermore,

suggest that hyaluronic acid is frequently associated with an overall clinical improve-

ment, allowing the patient to resume normal sexual activity.

With regard to premature ejaculation, data suggests hyaluronic acid-based treatments

were effective in prolonging intra-vaginal ejaculation time. Furthermore, hyaluronic

acid was found to be safe and well-tolerated, with main adverse events limited to

local discomfort, ecchymosis, papule formation, and glans numbness, all of which were

reported to resolve spontaneously.

Last, with regard to penile enlargement, the overall perception of experts is that

hyaluronic acidmay be an extremelywell-tolerated compoundwith potential for appli-

cation in specific areas of male sexual health that are often neglected as compared to

more common, and relatively simpler to treat, conditions.
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1 INTRODUCTION

Hyaluronic acid (HA) is a glycosaminoglycan and a major component

of the extra-cellular matrix of the mammalian. The wide use of HA in

the fields of orthopedics, ophthalmology, aesthetic medicine, andmore

is mainly associated with its biological properties, including its signif-

icant anti-inflammatory and anti-oxidative stress properties, making

it the ideal compound for the treatment of osteoarticular degenera-

tive pathologies.1 Indeed, free oxygen radicals (ROS), such as hydrogen

peroxide (H2O2), hypochlorite ion (ClO
–), hydroxyl radical (UOH), and

superoxide anion (O2 –), are involved in both intracellular signal trans-

duction and cellular degenerative processes.2,3 Several studies have

shown that chondrocyte apoptosis andcartilagedegradationbecaused

by high ROS production levels, hence contributing to the pathogenesis

of osteoarthritis.2–7 Numerous data show that HA reduces ROS levels

at the synovial sites in cases of osteoarthritis, counteracting apoptosis

and promoting cell survival.1,8

In a physiological condition, the hyaluronate molecule is highly

polar and water-soluble. In the connective tissue, HA maintains

hydration, turgidity, plasticity, and viscosity, due to its specific steric

conformation, which allows the storage of a considerable number of

water molecules. Furthermore, HA possesses favorable biomechanical

characteristics, thus acting like an anti-shock molecule and efficient

lubricant (e.g., in the synovial fluid), preventing damage to cells by

physical stress.2,3 These characteristics, together with its hypoal-

lergenic properties, make HA the ideal candidate for increasing soft

tissue volume and to be used as a filler. Once injected, HA is gradually

metabolized and then reabsorbed over varying time frames depending

on the treated surface and the type of HA used.

Injective HA treatment in andrology is now widespread, but data is

limited due to the lack of prospective randomized and controlled stud-

ies with large series and consistent follow-up assessments.

In this paper,weperformeda comprehensive narrative reviewof the

most recent literature on the use of HA in andrology.

2 MATERIALS AND METHODS

A broad and comprehensive literature review included Medline,

EMBASE, and the Cochrane Libraries, with no time period restric-

tion up to December 2020 and restricted to English language pub-

lications. Keywords used were the following: “HA and andrology,

HA and Peyronie’s disease (PD), HA and premature ejaculation (PE),

and HA and penile enlargement.” Unpublished studies were not

included.

We first registered this study as “The role of HA in andrology:

a systematic review and meta-analysis” in PROSPERO with the ID

CRD42021223416. However, at the time of the systematic review,

the inclusion criteria set out in the PROSPERO protocol were not

applicable due to the lack of randomized clinical trials. Further-

more, many clinical trials did not include a control group and did

not present common outcomes which could be analyzed with com-

parable parameters. It was therefore impossible to proceed with a

meta-analysis model, and the panel opted for a narrative review

method.

Three research teams were engaged in the literature search, each

of which was constituted by two individuals each with specific clini-

cal expertise. The groups independently focused on: i) PD, ii) PE, and

iii) penile enlargement. After preliminary evaluation, if the research

team was not in agreement on the article content, the article was re-

evaluated by an external reviewer (belonging to another of the three

teams). The selected articles were then assessed in their full test and

evaluated via the Risk Bias systems (Rob 2 tool). This further evalua-

tion was then omitted due to difficulties in carrying out a true system-

atic reviewprocess. Tables 1–3 contain the selected papers in the three

fields of interest.

3 RESULTS AND DISCUSSION

3.1 Peyronie’s disease

The etiology of PD is still largely unknown. Likewise, its complex patho-

genetic mechanisms are not yet completely understood. However, in

accordance with the different theories proposed by some authors, a

single traumatic event or multiple and repeated micro-traumas dur-

ing sexual activity could provoke a prolonged inflammatory reaction

to the fibers of the tunica albuginea, thus causing an autoimmune

response.9,10 This complex reaction includes several mechanisms such

as micro-vascular damage, accumulation of inflammatory cells and fib-

rin, over-expression of cytokines, and growth factors that stimulate

matrix protein production, mainly collagen, which is partially respon-

sible for the formation of the plaques.11–16 Disease progression may

eventually lead to calcification or ossification of the plaque in 15%–

25% of patients.17,18

The commonly used pharmacological treatments depend on the

stage of the disease, with the aim of reversing, interrupting, or atten-

uating the course of the disease, reducing deformity, and improving

sexual function.19,20 The latest updated AUA and EAU guidelines21,22

confirm that no drugs have been approved for the treatment of Pey-

ronie’s disease, except for potassium para-aminobenzoate (Potaba),

considered “probably effective” by the FDA, and collagenase clostrid-

ium histolyticum, which is no longer available in the European market.

Therefore, new drugs capable of solving painful symptoms, blocking

fibrosis progression, reducing plaque size and degree of recurvatum,

with the aim of restoring satisfaction during sexual intercourse, are

needed.

Commonalities can be found between the cellular and molecular

players involved in the complex pathophysiology of PD and in inflam-

matory/degenerative osteoarticular pathologies. Indeed, the same

mediators cause an inflammatory milieu and oxidative stress on the

tunica albuginea, eventually causing a degenerative process that is dif-

ficult to reverse. Indeed, during the initial stages of this disease (i.e,

acute phase) the increased levels of oxidative stress induce the over-

expression of fibrogenic cytokines alongwith an increased synthesis of

collagen.23,24
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TABLE 3 Penile augmentation (PA) selected papers

Author No. of patients Main outcome Type of study

Yang et al.52–54 39+ 35 Psychological effect of PA Randomized clinical trial

Moon et al.47 Animal model

Ahn et al.55 Complications of PA Narrative review

Kim et al.48 187 Maximum glans circumference Randomized clinical trial

Micheels et al.50 12 Psychological effect of PA Clinical trial

Kwak et al.49 41 Penile girth Clinical trial

Moon et al.44 Review

Sito et al.51 56+ 27 Circumferential enlargement Retrospective study

In this context, the use of HA has rapidly become widespread in

recent years because of its anti-inflammatory and viscoelastic prop-

erties (Table 1).25,26 Indeed, Zucchi et al. reported data of 65 patients

with PD treated with HA injections (0.8% highly purified sodium salt

HA 16 mg/2 ml; IBSA Farmaceutici Italia, Lodi, Italy) in a single-arm,

self-controlled, and interventional study.25 The study showed encour-

aging results in terms of reduction in the size of the fibrotic plaque,

penile recurvatum, and an improvement in terms of patients’ overall

sexual satisfaction. The studywasmainly limitedby the lackof a control

group and the short follow-up (namely 3months).25 Similarly, Gennaro

et al.26 reported the experience conducted on 83 PD patients treated

for 6 months with 20 mg HA (Hyalgan Fidia) penile injections (30

injections, 20 mg/2 ml in total over a 6-month period) with 24-month

follow-up. Compared to a non-treated control group, at the 12-month

assessment, there was an improvement (reduction) in the size of the

plaque, the severity of the recurvatum as well as in overall sexual

performance. After 24 months there was no further improvement,

thus demonstrating that the disease had remained stable.

Favilla et al.27 published the findings of a double-blind, randomized,

multicenter study with 63 patients treated with HA (0.8% highly puri-

fied sodium salt HA 16mg/2ml; IBSA Farmaceutici Italia) compared to

intralesional Verapamil 10 mg. The primary endpoint was the change

from baseline in the degree of penile recurvatum at 12 weeks after

therapy. Secondary endpoints were the change in plaque size, Inter-

national Index of Erectile Function-5 score (IIEF), and Patient Global

Impression of Improvement score (PGI-I). The results showed that HA

was superior toVerapamil in terms of plaque size reduction and degree

of curvature, aswell as sexual activity improvement and overall patient

satisfaction. The study was limited by the absence of a placebo group,

only 3 months of follow-up, and the subjective variables associated

with the plaquemeasurement in the 11 Italian centers enrolled.

Similar resultswere publishedbyCocci et al.28 in a prospective, non-

randomized study, comparing two groups of patients affected by PD

and treated respectively with a course of HA infiltrations (0.8% highly

purified sodium salt HA 16 mg/2 ml) and with Verapamil 10 mg. The

IIEF, plaque size, degree of curvature calculated with a goniometer at

maximum penile rigidity were used as outcome parameters. Further-

more, a subjective self-assessment of penile pain was performed using

VAS scales. Data showed a post versus baseline significant reduction in

F IGURE 1 Different results using hyaluronic acid in the treatment
of Peyronie’s disease

terms of plaque size, recurvatum, and IIEF-15 improvement in patients

treated with HA injections, along with significantly better results com-

pared to the group treated with Verapamil. One major limitation was

the lack of a control group of placebo-treated patients.28 Finally, Cai

et al29 published a prospective randomized phase III study with 81 PD

patients enrolled at two centers and randomized to oral HA adminis-

tration (a combination of extracts of HA, avocado, and soy unsaponifi-

able substances) combined with intralesional HA (0.8% highly purified

sodium salt HA 16mg/2ml) (n= 41 patients) as comparedwith intrale-

sional treatment only (n = 40 patients). Outcomes considered were

changes in penile curvature, IIEF, and PGI-I questionnaire. In addition,

a VAS (ranging from 0 to 10) was applied to self-assess penile pain. The

study showed that the combination of oral and intralesional HA pro-

moted better results in terms of curvature modifications and overall

sexual satisfaction (p< 0.001).

Almost all the aforementioned studies had a prospective random-

ized design, and all showed a volumetric reduction of the plaque and

the severity of the curvature (Figure 1). Likewise, the studies also out-

lined an improvement in terms of IIEF and sexual satisfaction. Although

the series of patients presented are relatively large, the lack of for-

mal randomization versus adequate control groups, as well as the

restricted length of the follow-up periods, are major methodological

flaws of all studies.
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In conclusion, HA is emerging as a valid choice for the treatment of

PD in terms of resolution of the acute phase of the disease, and it is

plausible to posit that the use of HA may contribute to the stabiliza-

tion of the disease, an indispensable requirement for the subsequent

choice of a possible surgical strategy. Evenmore clinically relevant, the

observed findings suggested that HA was associated with an overall

improvement of the clinical picture which, in most cases, allowed the

patient to resume an almost normal sexual activity.

3.2 Premature ejaculation

PE is defined by the International Society of Sexual Medicines as an

ejaculation that always or nearly always occurs before or within about

1 min of vaginal penetration from the first sexual experience (lifelong

PE), or a clinically significant reduction in latency time, often to about

3 min or less (acquired PE).30 Moreover, PE is usually considered to

be associated with emotional distress and bother.31 Population-based

studies have shown a prevalence of PE ranging from 8% to 30% of

themale population.32 The pathophysiology of PE has been associated

with an underlying neurobiological functional disturbance character-

ized by an alteration of the 5-hydroxytryptamine neurotransmission

leading to a lower ejaculatory threshold.33 Moreover, both psychologi-

cal and organic factors including urinary tract infections andmetabolic

alteration could play a role.33 To date, numerous treatment modalities

have been implemented for PE, including topical anesthetic agents, on-

demand, on label, and continuous off-label selective serotonin reup-

take inhibitors, and tramadol.34 Notwithstanding, all these treatments

have shown to be variably effective, and discontinuation rates are still

high.35,36

The injection of HA as a bulking agent within the glans has been

suggested as a potential local treatment for PE, with the goal to act

as a barrier inhibiting the tactic stimuli to access the receptor, thus

delaying the ejaculatory reflex.36 To date, three prospective single-arm

studies,36–38 one randomized non-controlled trial,39 and one random-

ized controlled trial40 have investigated the efficacy and safety of HA

glans injection in men with PE (Table 2). Kim et al.36 firstly reported

data of 139 PE patients treated with either dorsal neurectomy (Group

1); dorsal neurectomy + HA glans augmentation with HA injections

(Group 2); or glans augmentation with HA only (Group 3). For glans

augmentation, 2 cc of HA was injected subcutaneously at one-third

from the tip of the glans toward the coronal sulcus using a “Fan”

technique by rotating the needle to both sides during the injection. At

6-month follow-up, the authors showed a significant increase in post-

treatment intra-vaginal ejaculatory times (IELT) compared to baseline

in all groups (Group 1: 89.2 versus 235.6 s; Group 2: 101.5 versus

324.2 s; Group 3: 96.5 versus 281.9 s). The same authors reported

results of a 5-year follow-up in 38 patients37. A decrease of IELT was

depicted as compared with the 6-month assessment, but it was still

longer compared to baseline. Moreover, they reported that patients

had a satisfactory sexual life (as assessed with a single question) in

76% of cases. A few years later, Abdallah et al. investigated the effect

of HA glans injection in a pilot study conducted in 60 PE patients.39

F IGURE 2 Different results using hyaluronic acid in the treatment
of premature ejaculation

They performed a randomized non-controlled trial to assess the effect

of two different techniques of HA injection: the previously described

“fan” technique (Group A) and a multiple puncture technique (Group

B), where the HA gel was administered via multiple injections within

the glans. The latter technique was deemed to allow for a better

distribution of the drug in the tissue. At 1-month follow-up, the IELT

significantly increased in both groups (2.12± 1.16 to 7.71± 7.86 min),

then slightly dropping after 3 months (5.32 ± 3.52 min); no significant

difference was observed between the two groups. Similar results were

reported by another single-arm trial with data from 110 PE patients

treated with multiple HA gel injections within the glans and showing

an increase in IELT from 88.34 ± 3.14 to 293.14 ± 8.16 s, 6 months

post-treatment.38 Finally, Alahwany et al. performed a controlled

cross-over study randomizing 30 PE patients to receive either HA

glans injection or saline injection.40 Results showed a significant IELT

improvement after 1 month in the treatment group; the magnitude

of increase was a median of 2.6 fold higher than baseline compared

to 1.1 fold for patients receiving saline (p = 0.001). In detail, the

increase in IELT was observed in 67% of patients, while 33% did not

report any change after HA treatment.Moreover, median scores of the

Arabic Index of Premature Ejaculation, assessing patients and partner

distress, were also increased at 1-month follow-up in the treatment

group.

Overall, data suggested that HA treatment for PE was effective in

improving IELT (Figure 2), safe and well-tolerated, with reported side

effects ranging from 0% to 30% across all studies. The main adverse

events were local discomfort, ecchymosis, papule formation, and glans

numbness, all resolving reported to resolve spontaneously.

3.3 Penile augmentation

The size of the penis has kept its subjective and popular importance

over time, with adequate dimensions corresponding to the idea of

advantages both from an aesthetic and a sexual standpoint.

A variety of surgical and physiotherapy techniques have been pro-

posed throughout times to achieve lengthening and increasing thegirth

of the penis (i.e., penile girth enhancement) and the glans (i.e., glans
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penis augmentation). Such techniqueshavebeen characterizedbywide

limitations, mainly related to methodological biases of the proposed

studies, frequent complications, not always satisfactory aesthetic out-

comes, as well as the often unrealistic expectations of the patient.41,42

In this context, while the use of various fillers has gained wide pop-

ularity with the aim of increasing the size of soft tissues in dermatol-

ogy and aesthetic medicine,43 the application of fillers intended for

penile girth enhancement and glans penis augmentation posed particu-

lar problems in considerationof the specific anatomyof thepenile shaft

and, to date, it has not yet been established which should be the ideal

filler dedicated to the purpose (Table 3).

By virtue of its molecular characteristics, HA is a potential candi-

date to be considered in the cosmetic and reconstructive andrological

area, not only in hard penis plastics but also for penile “cosmetic” tech-

niques. In fact, HA is a ubiquitous component of connective tissue and

in the intercellularmatrix of the dermis, thus presenting a high biocom-

patibility profile that limits its antigenic properties and foreign body

reactions.44

Historically, the first attempts of enlargement phalloplasty con-

sidered surgical techniques of lengthening and girth increasing using

autologous dermofat grafts, with often unsatisfactory results due to

the development of nodularity, deformity of the penile skin, infections,

coupled with suboptimal long-term outcomes because of the loss of

almost 55%–90% of the initial volumetric increase after one year since

surgery.45 In 1998, Sito and Sorrentino, in order to increase penile cir-

cumference, suggested the injectionof bovine collagen into the coronal

sulcus on the sheath of the penis, again with unsatisfactory aesthetic

results.46 In 2002, based on animal models, Moon et al.47 reported the

possibility of implanting HA gel subcutaneously in the glans. There-

after, Kim et al.,48 in a large series of 187 patients injected 2 cm3 of

HAgel (Perlane;Q-med, Uppsala, Sweden) subcutaneously at the prox-

imal one-third from the tip of glans to coronal sulcus. A second injec-

tion of Restylane (HA gel; Q-med, Uppsala, Sweden) was performed to

correct potential anomalies of the glans surface after the first proce-

dure. One year after, the net increase in maximum glandular circum-

ference was 14.93 ± 0.80 mm in a group of naïve patients (Group 1,

n= 100) compared to and of 14.78± 0.89mm in 87 patients (Group 2)

treated with a previous unsatisfactory dermofat graft. At 1-year after

the injection, more than 50% of the injected volume was maintained

in 95% of Group 1 and 100% of Group 2, respectively, as for subjec-

tive patient’s visual estimation. Moreover, the percentage of postop-

erative satisfaction assessed by VAS (Gr 0–4, min to max) was 77%

in Group 1 and 69% in Group 2 (Gr 3, 4), with no serious treatment-

emergent adverse events. Kwak et al.49 examined the effects of high-

density HA (Restylane SubQ; Q-med, Uppsala, Sweden) injected with

lidocaine into the fascial layer of the penile shaft in 50 patients with

“subjectively small” penis, with the aim of increase PGE. Forty-one

patients completed the follow-up at 18 months. Compared to a basal

circumference of 7.48 ± 0.35 cm, a significant increase in the max-

imum penile circumference was obtained up to 11.41 ± 0.34 cm at

1 month (p < 0.0001), with results substantially unchanged after 18

months (11.26 ± 0.33 cm). The findings were confirmed using a VAS

of the residual volume of the penis at the latest follow-up assessment,

and with the degree of satisfaction reported both by the patient and

the patient’s partner. Micheels et al.50 essentially resumed the tech-

nique proposed by Sito defined as the “Mushroom technique”, with

injections applied circumferentially around the corona of the glans (Fly

Agaric) of high-density HA gel (Belotero Basic) in 12 subjects and, in

some cases, to the surface of the glans (Sex Toys effect) or alternatively

by retrograde contiguous injections into the corona of the glans. One

milliliter of gel was initially injected, then followed by a second injec-

tion of 1 ml after 1 to 2 months and by the third injection of a more-

volumizing HA (Belotero Intense) at 3 months, whenever requested

by the patient. Study participants were offered a multiple-choice self-

assessment questionnaire. All patients reported an improvement in

local sensitivity and an increase in terms of glans diameter, with the

persistence of raised papules on the crown of the glans for a period

of at least 12 months. Side effects were bruises and some bleeding

(one patient) and pain soon after the procedure (one patient53-In a

further retrospective study conducted on 83 patients, Sito et al.51

compared Macrolane (Q-Med AB, Uppsala, Sweden), a slow resorp-

tion HA gel (12–18 months) infiltrated with an emicirconferential-

injection filling of the penis, with lipofilling. The increase in penile cir-

cumference obtained with both techniques varies from 3.2 to 4.5 cm

in a flaccid state. While the authors did not observe complications in

HA-treated patients, eight lipofilling-treated patients developed gran-

uloma and, in one case, lipid necrosis. Yang et al.52 conducted the

first randomized, multicenter, patient/evaluator-blinded study com-

paring the effectiveness of the injection of HA gel fillers (Chaeum

Shape; Across Co. Ltd., Chuncheon, Korea) and polylactic acid (PLA)

for penile augmentation in 72 patients with “small penis syndrome”,

with48-week follow-up.A lasting increasewasobtained in both groups

(16.95 ± 10.53 and 13.49 ± 9.98 mm of mean increase in the HA

and PLA groups, respectively; p < 0.001). Interestingly, after 4 weeks

from treatment, results significantly improved after filling with HA

than PLA (p < 0.001), while no significant differences were observed

at 48 weeks. Similarly, in terms of the degree of satisfaction for penile

appearance assessed by a VAS score, the authors reported an increase

after the injection, which was maintained at the end of the follow-

up without differences in the two groups. The only adverse event

in HA-treated patients was injection site induration in one patient

only. The same Author substantially confirmed these results in further

studies.53,54

As for the potential side effects related to the use of glans

fillers, Ahn et al.55 underlined how the use of HA has gained

popularity by virtue of a favorable safety profile, linked to the

characteristics of biodegradability and reabsorption overtime of

the compound. Conversely, non-absorbable fillers that increase the

longevity of HA can cause complications immediately after injec-

tion or even several years after implantation, such as necrosis sec-

ondary to inflammation and vascular compromise, granulomas, and

nodule formations. The most common complications are hypercorrec-

tion, surface irregularities, visibility of the filler, Tyndall effect, and

granuloma.
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4 CONCLUSIONS

This narrative review reports a summary of the available literature

regarding the use of HA in andrology. The use of different types of HA

injected in various anatomical sites with different dosages, different

techniques and follow-up assessments for distinct conditions do not

allow a reliable comparison of the results. On the one hand, most

studies are not randomized andwithout control groups, with an overall

reduced level of evidence. On the other, there is a lack of homogeneity

in assessed parameters. The latter point is exemplified, for instance,

by the measurement of the degree of penis curvature and plaque

size in men with PD, which prevents meta-analysis of the available

data. Moreover, in many studies on PE, improvement per se is an

index of secondary outcomes after following the evaluation of penile

augmentation techniques, thus conditioning the real perception of HA

effectiveness for PE. Furthermore, the usefulness of self-assessment

scales for patients with “small penis” is limited by differences in self-

expectations. Last, to date, there is no single gold-standard technique

for every possible application of HA in the field of andrology; this

major issue certainly promotes the need for rigorous randomized

clinical trials dealing with standardized techniques, sites of injections,

and substances to be infiltrated. However, the overall feeling is that

HA may represent an extremely well-tolerated compound with scope

for effective application in specific areas of male sexual health that

are often neglected as compared with more common, and relatively

simpler to treat, conditions.

ACKNOWLEDGMENTS

The authors are grateful to Alba Sommerschield for help in the English

revision language of the text of this manuscript.

All the authors approved themanuscript final version.

CONFLICT OF INTEREST

The authors declare that they have no conflict of interest.

AUTHOR CONTRIBUTIONS

Conceptualization: Fabrizio Scroppo and Alessandro Zucchi; Data

curation: Riccardo Bartoletti and Alessandro Zucchi; Formal analysis:

Vittorio Bini and Paolo Capogrosso, and Giovanni Liguori; Investiga-

tion: Jacopo Durante and Giovanni Liguori; Methodology: Riccardo

Bartoletti and Alessandro Zucchi; Supervision: Riccardo Bartoletti and

Andrea Salonia;Writing–original draft: AlessandroZucchi andFabrizio

Scroppo; Review and editing: Alessandro Zucchi and Fabrizio Scroppo.

ORCID

AlessandroZucchi https://orcid.org/0000-0003-2252-4297

PaoloCapogrosso https://orcid.org/0000-0003-2347-9504

Andrea Salonia https://orcid.org/0000-0002-0595-7165

REFERENCES

1. Chen CPC, Hsu CC, Pei YC, et al. Changes of synovial fluid protein

concentrations in supra-patellar bursitis patients after the injection of

different molecular weights of hyaluronic acid. Exp Gerontol.
2014;52:30-35.

2. Henrotin Y, Kurz B, Aigner T. Oxygen and reactive oxygen species

in cartilage degradation: friends or foes? Osteoarthritis Cartilage.
2005;13:643-654.

3. Henrotin YE, Bruckner P, Pujol JP. The role of reactive oxygen species

in homeostasis and degradation of cartilage. Osteoarthritis Cartilage.
2003;11:747-755.

4. Afonso V, Champy R, Mitrovic D, Collin P, Lomri A. Reactive oxygen

species and superoxide dismutases: role in joint diseases. Joint Bone
Spine. 2007;74:324-329.

5. Asada S, Fukuda K, Oh M, Hamanishi C, Tanaka S. Effect of hydrogen

peroxide on the metabolism of articular chondrocytes. Inflamm Res.
1999;48:399-403.

6. Takahashi K, Hashimoto S, Kubo T, Hirasawa Y, LotzM, Amiel D. Effect

of hyaluronan on chondrocyte apoptosis and nitric oxide production

in experimentally induced osteoarthritis. J Rheumatol. 2000;27:1713-
1720.

7. Ruiz-Romero C, Calamia V, Mateos J, et al. Mitochondrial dysregula-

tion of osteoarthritic human articular chondrocytes analyzed by pro-

teomics: a decrease inmitochondrial superoxide dismutase points to a

redox imbalance.Mol Cell Proteomics. 2009;8:172-189.
8. Yu CJ, Ko CJ, Hsieh CH, et al. Proteomic analysis of osteoarthritic

chondrocyte reveals the hyaluronic acid-regulated proteins involved

in chondroprotective effect under oxidative stress. J Proteomic.
2014;99:40-53.

9. Jarow JP, Lowe FC. Penile trauma: an etiologic factor in Peyronie’s dis-

ease and erectile dysfunction. J Urol. 1997;158:1388-1390.
10. Stewart S, Malto M, Sandberg L, Colburn KK. Increased serum levels

of anti-elastine antibodies in patients with Peyronie’s disease. J Urol.
1994;152:105-106.

11. Gholami SS, Gonzalez-Cadavid NF, Lin CS, Raifer J, Lue TF. Peyronie’s

disease: a review. J Urol. 2003;169:1234-1241.
12. DiegelmannRF.Cellular andbiochemical aspects of normal and abnor-

mal wound healing: an overview. J Urol. 1997;157(1):298-302.
13. Somers KD, Dawson DM. Fibrin deposition in Peyronie’s disease

plaque. J Urol. 1997;157(1):311-315.
14. Van de Water L. Mechanisms by which fibrin and fibronectinap-

pear in healing wounds: implications for Peyronie’s disease. J Urol.
1997;157(1):306-310.

15. El-Sakka AI, Hassoba HM, Chui RM, Bhatnagar RS, Dahiya R, Lue

TF. An animal model of Peyronie’s like condition associated with

an increase of transforming growth factor beta mRNA and protein

expression. J Urol. 1997;158(6):2284-2290.
16. Zimmermann RP, Feil G, Bock C, Hoeltl L, Stenzl A. Significant alter-

ations of serum cytokine levels in patients with Peyronie’s disease. Int
Braz J Urol. 2008;34(4):457-466. discussion 466.

17. Gonzalez-Cadavid NF, Rajfer J. Molecular and cellular aspects of the

pathophysiology of Peyronie’s disease. Drug Discov Today Dis Mech.
2004;1:99-104.

18. Bivalacqua TJ, Champion HC, Hellstrom WJ. Implications of nitric

oxide synthase isoforms in the pathophysiology of Peyronie’sdisease.

Int J Impot Res. 2002;14(5):345-352.
19. Gelbard MK, Dorey F, James K. The natural history of Peyronie’s dis-

ease. J Urol. 1990;144:1376-1379.
20. Taylor FL, Levine LA. Non-surgical therapy of Peyronie’s disease. Asian

J Androl. 2008;10:79-87. Review.
21. American Urological Association Guidelines Copyright © 2015 Amer-

ican Urological Association Education and Research, Inc.®

22. European Urology Guidelines 2021.

23. Vernet D, Nolazco G, Cantini L, et al. Evidence that osteogenic pro-

genitor cells in the human tunica albuginea may originate from stem

cells: implications for peyronie disease. Biol Reprod. 2005;73(6):1199-
1210.

https://orcid.org/0000-0003-2252-4297
https://orcid.org/0000-0003-2252-4297
https://orcid.org/0000-0003-2347-9504
https://orcid.org/0000-0003-2347-9504
https://orcid.org/0000-0002-0595-7165
https://orcid.org/0000-0002-0595-7165


50 ZUCCHI ET AL.

24. Gonzalez-CadavidNF,Magee TR, FerriniM,QianA, VernetD, Rajfer J.

Gene expression in Peyronie’s disease. Int J Impot Res. 2002;14(5):361-
374.

25. Zucchi A, Costantini E, Cai T, et al. Intralesional injection of hyaluronic

acid in patients affected with Peyronie’s disease: preliminary results

from a prospective, multicenter, pilot study. Sex Med. 2016;4(2):e83-
e88.

26. Gennaro R, Barletta D, Paulis G. Intralesional hyaluronic acid:

an innovative treatment for Peyronie’s disease. Int Urol Nephrol.
2015;47:1595-1602.

27. Favilla V, Russo GI, Zucchi A, et al. Evaluation of intralesional injec-

tion of HA comparedwith verapamil in Peyronie’s disease: preliminary

results from a prospective, double-blinded, randomized study. Androl-
ogy. 2017;5:771-775.

28. Cocci A, Di Maida F, Cito G, et al. Comparison of intralesional

hyaluronic acid vs. Verapamil for the treatment of acute phase Pey-

ronie’s disease: a prospective, open-label non-randomized clinical

study.World J Mens Health. 2021;39:352-357.
29. Cai T, Tiscione D, Favilla V, et al. Oral administration and intralesional

injection of hyaluronic acid versus intralesional injection alone in pey-

ronie’s disease: results from a phase III study. World J Mens Health.
2021;39:526-532.

30. Serefoglu EC, McMahon CG, Waldinger MD, et al. An evidence-

based unified definition of lifelong and acquired premature ejacula-

tion: report of the second international society for sexual medicine ad

hoc committee for the definition of premature ejaculation. Sex Med.
2014;2:41-59.

31. Waldinger MD, McIntosh J, Schweitzer DH. A five-nation survey to

assess the distribution of the intravaginal ejaculatory latency time

among the general male population. J SexMed. 2009;6:2888-2895.
32. McCabeMP, Sharlip ID, Lewis R, et al. Incidence and prevalence of sex-

ual dysfunction in women and men: a consensus statement from the

fourth international consultation on sexual medicine 2015. J Sex Med.
2016;13:144-152.

33. Saitz TR, Serefoglu EC. Advances in understanding and treating pre-

mature ejaculation.Nat Rev Urol. 2015;12(11):629-640.
34. Castiglione F, Albersen M, Hedlund P, et al. Current pharmacological

management of premature ejaculation: a systematic review andmeta-

analysis. Eur Urol. 2016;69(5):904-916.
35. Salonia A, Rocchini L, Sacca’ A, et al. Acceptance of and discontinua-

tion rate from paroxetine treatment in patients with lifelong prema-

ture ejaculation. J SexMed. 2009;6(10):2868-2877. https://doi.org/10.
1111/j.1743-6109.2009.01404.x.

36. Kim JJ, Kwak TI, Jeon BG, Cheon J, Moon DG. Effects of glans penis

augmentation using hyaluronic acid gel for premature ejaculation. Int J
Impot Res. 2004;16:547-551.

37. Kwak TI, Jin MH, Kim JJ, Moon DG. Long-term effects of glans penis

augmentation using injectable hyaluronic acid gel for premature ejac-

ulation. Int J Impot Res. 2008;20:425-428.
38. Littara A, Palmieri B, Rottigni V, Iannitti T. A clinical study to assess

the effectiveness of a hyaluronic acid based procedure for treatment

of premature ejaculation. Int J Impot Res. 2013;25:117-120.
39. Abdallah H, Abdelnasser T, Hosny H, Selim O, Al-Ahwany A Sham-

loul R. Treatment of premature ejaculation by glans penis augmenta-

tion using hyaluronic acid gela pilot study. Andrologia. 2012;44:650-
653.

40. Alahwany A, Ragab MW, Zaghloul A, Abdallah H, Mostafa T.

Hyaluronic acid injection in glans penis for treatment of premature

ejaculation: a randomized controlled cross-over study. Int J Impot Res.
2019;31:348-355.

41. Vyas KS, Abu-Ghname A, Banuelos J, Morrison SD, Manrique O. Aes-

thetic augmentation phalloplasty: a systematic review of techniques

and outcomes. Plast Reconstr Surg. 2020;146(5):995-1006.
42. GhanemH,Glina S, Assalian P, Buvat J. Position paper:management of

men complaining of a small penis despite an actually normal size. J Sex
Med. 2013;10(1):294-303.

43. Kovach BT, Sengelmann RD. Soft tissue augmentation. Adv Dermatol.
2007;23:1-31.

44. Moon du G, Kwak TI, Kim JJ. Glans penis augmentation using

hyaluronic acid gel as an injectable filler. World J Mens Health.
2015;33(2):50-61.

45. Wessels H, Lue TF, McAninch JW. Complications of penile lengthen-

ing and augmentation seen at 1 referral center. J Urol. 1996;155:1617-
1620.

46. Sito G, Sorrentino L. The mushroom technique for penile enhance-

ment. Am J Cosmet Surg. 1998;15:165-166.
47. Moon DG, Kwak TI, Kim JJ, Cho HY. Effects of hyaluronic acid gel in

penile augmentation. Int J Impot Res. 2002;14(Suppl 3):S40.
48. Kim J, Kwak T, Jeon B, et al. Human glans penis augmentation using

injectable hyaluronic acid gel. Int J Impot Res. 2003;15:439-443.
49. Kwak TI, Oh M, Kim JJ. Moon DG. The effects of penile girth

enhancement using injectable hyaluronic acid gel, a filler. J Sex Med.
2011;8(12):3407-3413.

50. Micheels P, Saint Hillier S, Elias B, Pujos E. Hyaluronan and the “mush-

room” technique: an assessment of hyaluronan injections into the

glans.Dermatol Surg. 2012;38(2):1-7.
51. Sito G,Marlino S, Santorelli A. Use of macrolane VRF 30 in emicircum-

ferential penis enlargement. Aesthet Surg J. 2013;33(2):258-264.
52. YangDY,KoK, LeeSH, LeeWK.Acomparisonof theefficacy and safety

between hyaluronic acid and polylactic acid filler injection in penile

augmentation: a multicenter, patient/evaluator-blinded, randomized

trial. J SexMed. 2019;16:577-585.
53. Yang DY, Jeong HC, Ahn ST, et al. A comparison between hyaluronic

acid and polylactic acid filler injections for temporary penile aug-

mentation in patients with small penis syndrome: a multicenter,

patient/evaluator-blind, comparative, randomized trial. J Sex Med.
2020;17(1):133-141.

54. YangDY, JeongHC, KoK, Lee SH, Lee YG, LeeWK. Comparison of clin-

ical outcomes between hyaluronic and polylactic acid filler injections

for penile augmentation in men reporting a small penis: a multicenter,

patient-blinded/evaluator-blinded, non-inferiority, randomized com-

parative trial with 18months of follow-up. J Clin Med. 2020;9:1024.
55. Ahn ST, Il Kwak T, Park KS, Kim JJ, Moon DG. Complications of glans

penis augmentation. Int J Impot Res. 2019;31:245-255.

How to cite this article: Zucchi A, Scroppo FI, Capogrosso P,

et al. Clinical use of hyaluronic acid in andrology: A review.

Andrology. 2022;10:42–50.

https://doi.org/10.1111/andr.13083.

https://doi.org/10.1111/j.1743-6109.2009.01404.x
https://doi.org/10.1111/j.1743-6109.2009.01404.x
https://doi.org/10.1111/andr.13083

	Clinical use of hyaluronic acid in andrology: A review
	Abstract
	1 | INTRODUCTION
	2 | MATERIALS AND METHODS
	3 | RESULTS AND DISCUSSION
	3.1 | Peyronie’s disease
	3.2 | Premature ejaculation
	3.3 | Penile augmentation

	4 | CONCLUSIONS
	ACKNOWLEDGMENTS
	CONFLICT OF INTEREST
	AUTHOR CONTRIBUTIONS
	ORCID
	REFERENCES


