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Purpose: To investigate the causes and treatment options for socket discharge and infection 

in patients enucleated for retinoblastoma (Rb).

Methods: A questionnaire was filled out by (parents of) ocular prosthesis-wearing patients 

with a history of enucleation as treatment for Rb. We collected data on patients’ characteris-

tics, cleaning habits of the prosthesis, frequency of socket irritation, discharge, and infection, 

and use of antibiotics. With ordinal logistic regression analysis, factors related to the outcome 

parameters (frequency of irritation, mucoid and purulent discharge) were identified. In a subset 

of young asymptomatic and symptomatic patients, a swab culture of the socket was performed 

to determine the presence of microorganisms.

Results: A total of 186 patients or their parents (mean age of the patients: 17.3 years, ranging 

from 0.8 to 88.3 years) filled out the questionnaire. Irritation, mucoid discharge, and purulent 

discharge were frequently (once a month or more often) experienced in 75 (39.5%), 127 (66.8%), 

and 15 (13.2%) sockets, respectively. Younger age was associated with a higher frequency 

of mucoid and purulent discharge. Radiation therapy, chemotherapy, gender, age at surgery, 

cleaning frequency, and nocturnal wear were not associated with the outcome parameters. In a 

subgroup of 26 patients, the sockets were swabbed and cultured. All symptomatic patients had a 

positive bacterial culture versus 15% (2/13) of the asymptomatic patients (P,0.001). Common 

cold was correlated with both symptoms and presence of bacteria. Haemophilus influenzae 

and Staphylococcus aureus were the species most frequently cultured.

Conclusion: Ocular prosthesis-wearing patients often experienced mucoid discharge, and less 

often irritation and socket infection. These complaints were found to decrease with increasing 

age, but did not seem to be influenced by cleaning or wearing habits. Symptomatic sockets, 

with and without discharge, were correlated with the presence of pathogenic bacteria for which 

local antibiotic treatment seemed effective in most cases.
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Introduction
Enucleation is performed for several indications: severe trauma, intraocular tumor, 

and phthisis bulbi. Substitution of the eyeball with a prosthesis resembling the fellow 

eye may offer psychological acceptation for the patient.

In children, retinoblastoma (Rb) is the main reason for enucleation. Rb has an 

estimated incidence of one in 15,000 and 20,000 live births, affecting 10–15 children 

in the Netherlands per year.1 In the past, about 70%–95%2–4 of patients with Rb were 

treated by enucleation. The mean age at surgery is 1.9 years.5 In recent years, however, 

more and more globe-sparing methods are employed.6

Toddlers, especially day care attendees, frequently encounter infections and viruses.7–9 

In addition to runny noses, parents are often confronted with runny sockets.
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Accumulation of discharge from the socket on the pros-

thesis and eyelids is a common complaint of prosthetic eye 

wearers. It negatively affects the appearance and is experi-

enced as “dirty” and “annoying”. Discharge from the socket 

is the second highest concern of enucleated patients after the 

health of the remaining eye.10 The discharge can be watery, 

mucoid, or purulent. When the discharge is purulent, the 

socket often appears red and irritated, and sometimes pain 

is experienced.

Runny sockets and runny noses are both a result of 

irritated (or even inflamed) mucosa overproducing mucus. 

Patients often report an association between common 

upper respiratory tract viral infections and increased socket 

discharge. Common colds are not typically treated with 

(systemic) antibiotics, but we sometimes do administer topical 

antibiotics for symptomatic sockets. The current study was 

designed to describe potential causes and characteristics of 

socket problems, and to address the question whether the 

use of antimicrobial agents is justified in the treatment of 

inflamed sockets.

Methods
This study was approved by the local ethics committee of 

the VU University Medical Center (VUmc) and performed 

in accordance with the tenets of the Declaration of Helsinki. 

Written informed consent was obtained from the participants 

and from the parents of younger participants.

The study population consisted of patients wearing an 

ocular prosthesis and with a history of enucleation as treat-

ment for Rb, who were seen during regular Rb follow-up 

consultations between April 2013 and May 2015. A question-

naire was filled out by (the parents of) the patients to inves-

tigate their characteristics, cleaning habits of the prosthesis, 

frequency of socket irritation, discharge, and infection, and 

use of topical antibiotics.

The results of the questionnaire were compiled. Outcomes 

of irritation and mucoid and purulent discharge in relation to 

age at surgery and age at time of examination, gender, mate-

rial of prosthesis, cleaning frequency, nocturnal wear, and 

history of radiation therapy and/or systemic chemotherapy 

were analyzed using ordinal logistic regression.

In a subset of the study population, a comparative swab 

study was performed. Consecutive young patients (0–4 years) 

visiting the hospital for routine exam and/or treatment for 

Rb under general anesthesia and patients (5–10 years) 

with complaints of excessive discharge at routine exam 

(without general anesthesia) were included. During physical 

examination, the sockets were judged on discharge and color 

of conjunctiva, and a swab (eSwab™; Copan Italia, Brescia, 

Italy) was taken on which bacterial culture of the conjunctival 

socket was performed.

Patients were classified as “symptomatic” when par-

ents mentioned an irritated socket and/or complaints of 

increased discharge in the questionnaire and when the 

socket appeared diffusely hyperemic with or without mucoid 

or purulent discharge at physical examination. Patients 

without complaints and a pale-to-mild hyperemic socket 

with or without discharge at examination were categorized 

as “asymptomatic”.

Inclusion was complete when both groups, symptomatic 

and asymptomatic, were represented by a similar number of 

patients (both groups should contain minimal ten patients). 

Patients were excluded when local or systemic antibiotics 

were used at the time of examination and up to 2 weeks 

before. All symptomatic patients were treated with topical 

Ofloxacin (Trafloxal®) ointment or eyedrops three times a 

day for 2 weeks.

Two weeks after examination, a follow-up consulta-

tion was conducted by telephone. If symptoms persisted at 

follow-up, antibiotic treatment was prolonged (with instruc-

tions: washing hands and removing the prosthesis when 

applying the antibiotics) for 2 weeks. If symptoms persisted 

after these 2 weeks, an additional physical examination was 

conducted.

Main outcome of the swab study was the presence of 

bacteria in the socket. Characteristic differences between 

the groups were compared with Mann–Whitney U test. The 

Mantel–Haenszel method was used for the common odds 

ratio. A chi square test was performed to compare main 

outcome in both groups.

Results
A total of 186 patients or their parents filled out the ques-

tionnaire for patients treated for Rb by unilateral enucleation 

(N=182) or bilateral enucleation (N=4). Thirty-six patients 

(and 38 sockets) had a history of treatment with external-

beam radiation therapy (EBRT). Mean age at the time of 

enucleation was 22.1 months, and at the time of examination 

was 17.3 years.

The outcome of the questionnaire is summarized in 

Table 1.

Key findings of the questionnaire were the following: 

frequent (once a month or more often) experience of irrita-

tion was reported in 75 (39.5%) sockets; mucoid discharge 

was reported in 127 (66.8%) sockets and purulent discharge 

in 15 (13.2%); the majority (137, 72%) slept with the 
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Table 1 Overview of questionnaire

Number of sockets (190)

gender
Man 106
Woman 84

side of prosthesis
right 102
left 88

Prosthesis material
PMMa 167
glass 23

eBrT
Yes 38
no 152

Chemo
Yes 48
no 142

Cleaning frequency
several times a day 7
Daily 85
several times a week 4
Once a week 29
Once a month 38
several times a year 6
Once a year 18
never 3

Method of cleaning*
Tap water 134
Tap water and tissue/
towel/tea towel/flannel

22

Cooked water 5 (1 with cottonwool)
salt water 8
Tap water and shampoo/soap/
dishwasher liquid

12 (1 with toothbrush)

Tap water and vinegar 1
acidicum boricum 1
lens liquid 4 (1 with cottonwool)
Vismed® wash 2
Babytowel 3
never, just polishing 5

nocturnal wear
Yes 137
no 41
sometimes 12**

irritation
Daily 18
Once a week 17
Once a month 40
several times a year 1
Once a year 21
less than once a year 15
never 76

Mucoid discharge
Daily 76
Once a week 24
Once a month 27
Once a year 14
less than once a year 8
never 41

(Continued)

Table 1 (Continued)

Number of sockets (190)

Purulent discharge
Daily 7
Once a week 3
Once a month 15
Once a year 27
less than once a year 25
never 113

Topical antibiotic use
Daily 2
every other week 2
every month 10
several times a year 4
Once a year 35
less than once a year 32
never 105

Thoughts on triggers*
Common cold 43
hayfever 6
new prosthesis 2
environmental (weather transition/
wind/sand/playing outside/swimming)

12

Too frequent prosthesis removal 1
not frequently enough cleaned 2
Too long interval of prosthesis 
polishing

1

No good prosthesis fit 2
sleeping with prosthesis 2

Notes: *More than one answer possible; not everyone had an answer to this 
question. **reasons for sleeping “sometimes” without and with prosthesis: when 
irritated, a patient prefers to leave the prosthesis out, and when sleeping somewhere 
else (at a friend’s place, for example), the patient keeps the prosthesis in situ.
Abbreviations: PMMa, poly(methyl methacrylate); eBrT, external-beam radiation 
therapy.

prosthesis in situ, and most patients cleaned the prosthesis 

daily with tap water.

An ordinal logistic regression model was used to identify 

factors related to the outcome parameters: frequency of irrita-

tion, and mucoid and purulent discharge. Factors included in 

the model were radiation therapy, chemotherapy, gender, age 

at examination, age at surgery, material of prosthesis, clean-

ing frequency, and nocturnal wear. With forward stepwise 

regression, nonsignificant factors were excluded from the 

model. The age at the time of examination demonstrated a 

significant relation to the outcomes of irritation and mucoid 

and purulent discharge. In the model for irritation also, 

the variable prosthesis material demonstrated significant 

influence. The frequency of irritation, and mucoid and puru-

lent discharge decreased with increasing age (Table 2).

Comparative swab study
A total of 26 Rb patients with unilateral post-enucleation 

sockets were included in the comparative swab study. 
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This comprised 24 patients examined under general anesthesia 

and two slightly older patients (age 5 and 7) examined 

without general anesthesia. The latter were included because 

of complaints of excessive discharge.

Thirteen patients were classified as symptomatic, and 13 

as asymptomatic. Mean age at examination was 39.4 months 

(median 38.2, range 9–90 months), and mean age at enucle-

ation was 16.1 months (median 10.2, range 1.9–40 months). 

These characteristics did not significantly differ between the 

two groups.

In the symptomatic group, 12 sockets were diffuse hype-

remic with purulent discharge. One patient was classified 

symptomatic because of increased complaints; however, 

at examination, only minor features of inflammation were 

present (mild hyperemia and mucoid discharge). In this 

particular case, the treating physician opted for a watchful 

waiting policy and did not prescribe antibiotics. Within 

2 weeks, symptoms did increase, and on request of the parents, 

this patient also received topical antibiotic treatment.

In the asymptomatic group, 11 sockets were pale without 

evident discharge. Two sockets showed mild hyperemia with-

out discharge. No parents reported increased discharge or an 

irritated socket. In this group, no antibiotics were prescribed.

Fifteen patients had a positive socket culture. Most of 

the sockets harbored a single bacterial species, and some 

contained two species (Table 3). In Table 4, the antibiotic 

sensitivity is demonstrated. The positive cultures corre-

sponded with 13 (100%) of the symptomatic patients and 

two (15%) of the asymptomatic patients. Nine patients had 

common cold (with runny noses): seven of the symptomatic 

and two of the asymptomatic group (these latter two did not 

harbor bacteria).

Culture results proved a strong association between 

the presence of symptoms and a positive socket culture: 

χ2(1) =19.067, P,0.001; with the presence of common 

cold: P=0.018; without the presence of common cold: 

P=0.011 (Fisher exact).

All but three patients responded within 2 weeks to the 

antibiotics. In one, the mother administered the antibiotics at 

the front surface of the prosthesis. After prolonged treatment 

and instructions to remove the prosthesis at time of applica-

tion of the ointment, the symptoms disappeared.

The two other patients did not show any response to 

(prolonged) antibiotic treatment. Repeated cultures from 

their sockets showed different bacteria. Systemic antibiotics 

(sulfamethoxazol and trimethoprim) were administered in 

one of these patients (age 2) because of a respiratory infec-

tion combined with neutropenia. During this treatment, the 

patient was free of socket symptoms. At that time, a socket 

culture proved negative. After termination of this treatment, 

symptoms returned. In the second case (age 7), the same 

systemic treatment was given, but this had only a minor 

effect. As the persistent infection was caused by Staphylo-

coccus aureus, and the patient was a nasal S. aureus carrier, 

eradication therapy was initiated (Table S1). Indeed, this 

initially eradicated carriage and infection, but it returned 

after 3 months.

In these two patients, the bad response to the antibiotics 

was not a result of insensitivity to the administered agent 

nor resistance (both tested). Repeated cultures demonstrated 

different bacteria. Possibly, the chronic superficial socket 

infection in both patients could have been due to anatomic 

deviations of the socket: a complete ptosis in one and contrac-

tion and entropion (with the lashes stuck to the prosthesis) in 

the other patient. Both were recommended surgery.

Discussion
Excessive discharge in anophthalmic sockets of prosthetic-

eye-wearing patients occurs commonly and is a burden for 

patients who suffer from this.10 In our current study, regular 

complaints of socket discharge were reported by 66.8% of 

patients. Dirty sockets are disfiguring and can negatively 

Table 2 The influence of the significant variables in relation to 
frequency of complaints

Outcome Influence of  
variable

P-value Odds 
ratio

95% Confidence 
interval

Frequency 
of irritation

age (in years) at 
time of examination

,0.001 0.95 0.92–0.98

Prosthesis material 
(PMMa compared 
to glass)

0.020 0.09 0.09–0.81

Frequency of 
mucoid discharge

age (in years) at 
time of examination

,0.001 0.95 0.93–0.97

Frequency of 
purulent discharge

age (in years) at 
time of examination

0.004 0.95 0.92–0.99

Abbreviation: PMMa, poly(methyl methacrylate).

Table 3 Cultured bacteria

Bacteria Symptomatic  
patients

Asymptomatic  
patients

Haemophilus influenzae 8 1
Staphylococcus aureus 5
Streptococcus pneumoniae 2
Streptococcus anginosus 1
Corynebacterium macginleyi 1
Moraxella catarrhalis 1
Moraxella lacunata 1

Note: The number of cultured bacteria is larger than the number of patients with 
bacteria because four patients carried two types of bacteria.
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influence psychosocial well-being and social interaction. 

The discharge may cause physical discomfort, makes the 

prosthesis opaque, and may interfere with the motility of 

the prosthesis.11

Pine et al12 surveyed 429 prosthetic eye wearers and 

found an association between cleaning regime and frequency, 

volume, and viscosity of discharge: more severe discharge 

was reported with a more frequent cleaning regimen. Accord-

ing to a three-phase homeostasis model and staining tests 

with different prosthesis-cleaning frequencies,13 they advised 

that the best cleaning frequency lies within maximally once 

a month and minimally once every 6 months. We did not 

find a relation between cleaning habits of the patients and 

symptoms of socket discharge or irritation. In addition, sub-

jective experience with different cleaning regimens within 

one individual did not alter discharge.

We did find a significant relation between younger age 

and increased frequency of discharge and irritation of the 

socket. In their study, Pine et al12 did not find an association 

between age and discharge severity. In that study, however, 

the ages of the survey responders were not reported. It is 

possible that we have been studying different age groups.

In our clinic, patients report complaints of increased 

discharge to be associated with common colds. This was also 

demonstrated in our study results. Common colds increase 

the amount of discharge, which in turn may cause bacterial 

overgrowth. The current study demonstrates a strong cor-

relation between symptomatic sockets and the presence of 

bacteria in these sockets. Haemophilus influenzae was most 

prevalent, followed by S. aureus. In the study of Vasquez 

and Linberg,14 Staphylococcus epidermidis and Corynebac-

terium xerosis were most prevalent; in the study of Krishna,15 

Streptococcus pyogenes, Aspergillus spp., and Penicillium 

spp. were common. The ages of their study populations are 

not mentioned. Age may be related to prevalence of specific 

bacteria which could explain the different findings in these 

studies. For patients suffering from a red irritated socket with 

increased discharge, we recommend prescription of topical 

broad-spectrum antibiotics such as Ofloxacin. In this study, 

Table 4 Antibiotic sensitivity (S) and resistance (R) profiles tested for each bacterial species

Antibiotic  
tested

Haemophilus  
influenzae

Staphylococcus  
aureus

Streptococcus  
pneumoniae

Staphylococcus  
anginosus

Moraxella  
lacunata

Moraxella  
catarrhalis

Corynebacterium  
macginleyi

Clindamycin s (3) s (1) r (1) s (1)
Fusidic acid s (5)
Penicillin r (2) s (2) s (1) s (1)
gentamycin s (2) s (1)
Ofloxacin s (4) s (1) s (1)
Chloramphenicol s (1)

11 of 13 patients were symptom-free after this antibiotic 

treatment. The two cases that were not cured with antibiotic 

treatment suffered from chronic complaints. In chronic cases, 

underlying causes need to be addressed.

In Figure S1, we present an overview of potential under-

lying causes of chronic discharge with resulting problems 

and their specific reason coupled to an adequate advice for 

treatment. This diagram can be used as a protocol for patients 

with chronic discharge.

A bad prosthesis fit due to anatomical distortion or 

simply due to a bad custom fit may result in dead space. 

In this dead space, a coagulum of proteinaceous debris can 

form a sequester in which bacterial colonization easily takes 

place.16 This in turn causes inflammation, resulting in further 

increase of discharge leading to a vicious circle. In case of a 

bad custom fit combined with normal anatomy of the socket, 

a new prosthesis can be fitted. However, if an anatomical 

distortion causes the bad fit, rehabilitation of the socket can 

be attempted.

Lack of an adequate tearfilm increases the foreign body 

sensation and induces crusting of the mucus at the prosthesis, 

which in turn leads to additional irritation and increase of 

mucus production. Allen et al17 demonstrated that tear pro-

duction in anophthalmic sockets was reduced as compared 

to normal eyes and that people with complaints had only 

half the tear secretion quantity compared to patients without 

complaints. They postulated that the absence of a cornea 

eliminates the stimulus for tear production. We noticed that 

patients with lagophthalmos did not differ in frequency of 

irritation and discharge complaints compared to those with 

adequate eyelid closure.

In addition to decreased lacrimal gland stimulation, three 

other factors may play a role: a damaged lacrimal gland 

system, bad quality of the tearfilm (unbalanced aqueous, 

mucous, and oily components), and the hydrophobic property 

of the acrylic prosthesis resulting in dispersion of the tearfilm. 

Glass prostheses have hydrophilic properties; in the ordinal 

regression model, the material of the prosthesis did only 

reach statistical significance for the outcome “frequency of 
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irritation”. Glass prostheses were however worn by a small 

number of patients, mostly elderly patients. Potential benefits 

of the hydrophilic properties should be prospectively tested 

in a matched population or within one patient.

Among patients enucleated for the treatment of Rb, 

damage to the excretory lacrimal system is potentially a 

contributing factor to discharge problems in those who were 

additionally treated with EBRT.18–20 In our current study, we 

found no relation between radiation therapy and complaints 

of discharge. Also, chemotherapy did not significantly con-

tribute to experienced problems.

In conclusion, many Rb patients wearing ocular pros-

theses experience discharge, irritation, and infection of 

their socket. The cleaning regime has no influence on these 

complaints. Symptomatic hyperemic sockets are often caused 

by pathogenic bacteria for which topical antibiotics are effec-

tive. Patients with infection who do not respond to antibiotic 

therapy should be examined for underlying causes such as 

lacrimal problems, bad prosthetic fit, allergy to material, or 

anatomical distortion of the socket and/or eyelids.
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