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General discussion and recommendations for the future

General discussion

Removal of the eye versus eye-sparing treatment modalities
Enucleation has always been the mainstay of treatment for retinoblastoma.1 It is, however, 
a mutilating intervention and results in uni- or bilateral blindness. Hence the quest for eye-
sparing alternatives.

External beam radiation therapy was the first eyeball-sparing treatment that was 
effective for large tumours. Initially, good results were reported with high survival rates, 
preserved vision, retaining of the eyeball and thus a normal appearance. Studies with a 
longer period of follow-up, however, revealed negative effects: growth retardation of the 
orbits and mid-face, retraction of eyelids, cataract, radiation retinopathy, damaged lacrimal 
systems and increased chance to develop second primary malignancies.2–4 This treatment 
modality is now almost completely abandoned.

Currently, locally administered chemotherapy is thought to be a promising alternative 
to enucleation. In recent years, a shift is observed from enucleation to intra-arterial 
chemotherapy (IAC), also referred to as ophthalmic artery chemosurgery (OAC). With 
lower-grade retinoblastoma stages in particular, IAC is increasingly performed, reducing the 
need for systemic chemoreduction with its potential harmful effects such as ototoxicity.5–7 
From a technical point of view, IAC is considered minimally invasive, but systemic adverse 
effects such as hemodynamic instability, femoral artery occlusion, hyperaemic cutaneous 
periocular abnormalities and cerebral vasoconstriction have been reported. Ocular 
complications include retinal and choroidal vascular toxicities such as ophthalmic artery 
thrombosis, choroidal non-perfusion and retinal and vitreous hemmorhages.8 Moreover, 
IAC is not always effective and proper patient selection is required. In a recent study, the 
five year’s ocular survival for advanced tumours (group D and E) treated with IAC was 
reported to be 70.2%.9 In a recently published review, refractory and recurrent tumours were 
seen in a total of 130 IAC treated-eyes from 8 studies, resulting in secondary enucleation 
in 36 cases (27.7%).10 Futhermore, the recent development of supplemental treatment 
with intravitreal chemotherapy injections in eyes with vitreous seeds and refractory or 
recurrent tumours increase the globe salvage rate without compromising patient survival.11  
Long-term effects of IAC and intravitreal chemotherapy are still unknown. Apart from 
the potential complications, another negative feature of this treatment modality is that it 
requires repetitive treatment cycles under general anesthesia. 

Enucleation has the advantage over eye-sparing modalities that one obtains material for 
histopathology which can be used to assess risk factors of dissemination and to determine 
the heritability by studying the tumour DNA. Kaliki et al.12 reported metastatic risk factors 
in 23% (117/519) of enucleated eyes. Risk factors for metastasis may be missed, but 
also masked in patients treated with chemotherapy. In patients who underwent secondary 
enucleation, the pathologic evidence of extraocular extension can be downstaged due 
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to the chemotherapy and can lead to increased risk of metastatic death due to reduced 
surveillance and subsequent treatment.13

According to a survey from 2014, IAC is used for the first line treatment of group D 
unilateral and bilateral retinoblastoma in respectively 71% and 38.7% of centers across the 
world.14 The majority of centers (74.2%) not applying IAC as treatment modality (49.2%) 
are in middle or low income countries. Especially in North America and Japan, but also in 
Europe, IAC is used more frequently as an alternative to enucleation.14 

The decision what treatment to apply is affected by the stage of the disease, the visual 
potential of the affected eye and the local availability of different therapeutic options. In many 
middle or low income countries a delay in diagnosis is often seen due to socioeconomic 
factors. In combination with the lack of access to globe-saving therapies, enucleation is 
often the only choice to save a retinoblastoma patients’ life. For retinoblastoma stage 
E enucleation followed by histologic analysis and if necessary conjunctive adjuvant 
chemotherapy remains the only evidence-based curative treatment.15

However, the physicians’ decision can lead to resistance of the parents and especially 
in middle and low income countries initial refusal of enucleation is a major obstacle leading 
to treatment delay which is directly correlated with advanced stage of retinoblastoma at 
surgery and decreased survival rates.15 Also treatment abandonment in between cycles of 
chemotherapy is a severe problem reported to be as high as 41.6% in an Indian study.16 
Parental refusal of enucleation in high income countries ranges from 0-25%.15 

One can identify a number of barriers to the acceptance of enucleation. The concept of 
retinoblastoma being a fatal illness is one of them. When convinced that the cancer will lead to 
death anyway, a mutilating intervention as enucleation becomes unacceptable. Many doctors 
and patients are worried about the esthetic outcome of enucleation and in some cultures, 
the removal of an eye can be socially unacceptable. Depending on the health-care system, 
the cost of surgery can be a concern, but this will also have an impact on other expensive 
treatment modalities. It is important that the treating physician and other care providers 
adhere to a proper shared decision making practice, with adequate guidance of parents on 
expectations and risks of alternative treatments, specific to the individual patient. And in some 
instances by breaking down the barriers by addressing the fears and misconceptions.17

Soliman et al.18 compared the socioeconomic impact in children with primary 
enucleation compared to children receiving eye-sparing treatment. They concluded that 
primary enucleation was associated with significantly fewer negative financial, social 
and psychological impacts on families than attempted eye-sparing modalities.18 In this 
study eye-sparing treatment did not only include local intraocular chemotherapy, but also 
systemic chemotherapy with focal therapy and EBRT. Of the 32 patients receiving eye-
sparing treatment, 25 (78%) were eventually enucleated due to failure of tumour control (n 
= 11) or because of the psychologic, financial or social burden of the cumulative therapies 
(n = 14). Treatment duration was negatively correlated with socioeconomic impact.18 
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Implant material and implantation techniques
In the history of enucleation, various techniques and materials have been attempted 
and used, leading to improvements in cosmetic results, and a decrease in the number 
of complications. Initially, solid implants were made of glass and after the Second World 
War, other materials as silicone and acryl were used. The hydroxyapatite implant was the 
first porous implant introduced in the early 1990s.19 Its porosity was supposed to facilitate 
fibrovascular ingrowth, increasing the integration of the implant. This was thought to reduce 
infection rates and to improve the motility of the implant. Also, the porous material was 
suitable to be drilled into after implantation. A pegging system connecting the implant with 
the prosthesis would further enhance artificial eye motility. Improved motility of the (non-
pegged) porous implant compared to the non-porous implant could not be confirmed.20 
With supplemental pegging an increase in prosthetic eyemotility was found.21 Pegs are 
however almost abandoned by now due to complications such as increased discharge, 
extrusion, pyogenic granulomas, pain and implant infection.22 Nevertheless, many surgeons 
remain convinced of the superiority of the porous implant. There is a lack of comparative 
studies regarding the implant use and surgery technique. To identify the most frequently 
used materials and methods, a digital survey (Chapter 3) questioning used materials and 
techniques was sent out to retinoblastoma surgeons worldwide. Remarkably, 41 different 
methods (implant and wrapping materials and muscle attachment techniques) were 
reported by 58 responders from 32 countries. Porous implants were preferred over non-
porous implants (58.7% versus 32.6%) and a little over half of the surgeons (54.3%) did 
not use any kind of wrapping. Reasons for using a specific technique or a specific material 
were mainly personal experience, personal believe in equality or superiority compared to 
other methods and materials. 

Also opinions on the positioning of the muscle attachment to the implant differed. Two 
independent surgeons reported positioning the rectus superior more posteriorly to prevent 
ptosis. This was based on personal experience. The relationship between ptosis and anterior 
rectus superior muscle location has not been discussed in the literature before. One paper, 
however, postulated that the levator complex needs adequate orbital support to sustain its 
delicately balanced mechanism, avoiding displacement of the pivot point (the transition point 
where the levator muscle becomes aponeurosis and where the muscle is suspended to 
Whitnall’s ligament and changes in direction).23 In our study, presented in chapter 6, we 
found a relationship between increasing implant sizes and ptosis in our pediatric treated 
population. In our practice, the muscle positioning is uniform, regardless of the implant 
size. This would imply that the superior rectus muscle is more stretched with the use of a 
larger implant. This could potentially disrupt the levator complex. To overcome the increased 
stretch on the rectus superior one could position this muscle more posteriorly. 

In Chapter 2 we evaluated functional complications of different enucleation materials 
in our own cohort of 216 patients with 23 years of follow-up. We compared these data with 
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previous studies (n = 16) reporting on functional outcome of enucleation for retinoblastoma. 
We found that primary implant insertion using either hydroxyapatite or acrylic with donor 
sclera wrapping is safe and results in low rates of complications, but that hydroxyapatite 
implants with scleral wrapping account for an slightly increased number of exposures than 
scleral wrapped acrylic implants. The low rate of functional complications (exposure and 
extrusion) found in our cohort might be attributed to our scleral wrapping technique. In 
studies of De Potter et al.24 and Christmas et al.25 equally low complication rates with 
donorsclera-wrapped implants were reported. Unfortunately, many countries have banned 
the use of donorsclera out of fear for disease transmission. Without wrapping, complication 
rates are remarkably higher and exposure rates of 21.6 - 61.5%26–28 with bare implants are 
reported. Expensive alternatives are available such as implants with prefab wrappings or 
implants with a smoothened surface to reduce conjunctival rubbing. Reflecting our good 
results we recommend the use of inexpensive implants with donor scleral wrapping, when 
accessible.

Additional tumour therapy significantly increased complication risks such as exposure, 
extrusion and also contraction of the socket. An important finding is that the socket 
complications of EBRT were more severe when no implant was inserted. We therefore 
advice to insert an implant even though additional therapy is needed. In the Netherlands 
we have temporarily inserted the Allen implant. The implant had a flat anterior surface at 
which the 4 recti muscles were attached, and it was thought that this design would better 
translate the implant movements to the overlying ocular prosthesis. The position of the 
Allen implant, however, appeared to tilt within the socket and resulted in prosthetic fitting 
problems, resulting in a high incidence of implant removal. This implant type has long been 
abandoned, yet it taught us that the implant should have a spherical design.

Motility is often mentioned as an important factor in the choice of a specific technique 
or material. However, a reproducible method to measure motility in children was lacking. In 
chapter 5 we implemented the iViewXtm Eyetracker and demonstrated an easy and highly 
reproducible method to compare motility of the prosthetic eye in relation to the contralateral 
eye. In our pediatric cohort we could not measure a prosthetic ocular excursion difference 
between small implants (14 and 16 mm) and large implants (20 and 22 mm). This is in 
contrast with the study of Custer el al.29 Furthermore, we found no difference between 
the vascularized and integrated hydroxyapatite or the solid acrylic implants. This is in 
agreement with an earlier published Dutch study by Colen et al.20 and with the study of 
Custer et al.29 Thus, unless there is desire to peg we don’t see additive value of porous 
implants. Although not properly tested, we do not expect that changing the shape of the 
implant (to for instance a conical shape) could improve motility since a non-spherical 
shape would limit rotation of the implant in the socket. We believe that the major limitation 
of prosthesis motility is tightness of the space in which it can move. Prosthesis motility is by 
a fair deal determined by the location and movement of the fornices. The myoconjunctival 
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technique (in which the sutures of the rectus muscles are passed through the overlying 
conjunctiva for attachment to their respective fornix) is the one technique responding to 
this limitation. Studies by both Shome et al.30 and Yadava et al.31 demonstrate improved 
prosthetic motility using the myoconjunctival technique. We recommend this surgery 
technique to be subject of future studies. 

Implant size versus cosmetic outcome 
As mentioned in the previous paragraph, we could not demonstrate a difference in motility 
comparing small and large implants. In chapter 6, we focussed on the cosmetic results 
with and without implant insertion and also after treatment with EBRT. A common belief 
is that larger implants allow for better cosmetic results. Therefore, today’s tendency is to 
insert the largest implant possible to fit in the socket. However, we assessed (chapter 
6) a significant negative relationship between the size of the implant and the upper eye 
lid position, which is of great importance for the cosmetic outcome. Within the group of 
unilaterally enucleated patients categorized as bad or poor cosmetic result, 62% had a 
ptosis. We found that with increasing implant size, the risk of ptosis increased significantly. 
In our study, children without ptosis were younger at enucleation than children with ptosis. 
The age at enucleation was correlated with the implant size: the older the patient, the 
bigger the implant. In adults a ptosis is relatively easy to correct under local anesthesia, 
but in children an additional general anesthesia is needed, and surgery results are not 
always predictable as the eyelid height cannot be checked during general anesthesia. The 
other assumed beneficial effects of a large implant include better orbital symmetry, less 
volume deficiency, less lower eyelid laxity because the prosthesis will be thinner and better 
motility. However, none of these assumptions appeared true when we compared large 
implants (20 and 22 mm) with medium-sized implants (18 mm). Orbital symmetry was not 
significantly different comparing the enucleated orbit with the contralateral side. Also in 
patients treated with bilateral EBRT orbital symmetry was observed, although these orbits 
were smaller compared to non-irradiated orbits. This was already recognized in 1996 by 
Imhof et al.3 Volume deficiency was more often seen in patients without implants or with 
small implants (14 and 16 mm). Although we could not find a relationship between implant 
size and thickness of the prosthesis, we did see a relationship between the positioning 
of the lower eyelid and the prosthesis thickness: thick prostheses showed more lower 
lid sagging, thin showed reverse ptosis. In contrast to the design and size of the implant, 
these prosthesis properties have not been subject to studies, but seem to be of equal 
importance. Moreover, in addition to eyelid positioning, the shape of the prosthesis may 
play an important role in its motility. Taking these results into account, and considering that 
the ocular prosthesis fitting and design is more difficult with a larger implant (remarks from 
ocularists), we advise insertion of an implant size of 18 mm in children until at least the age 
of 3. Kaltreider et al.32  proposed the formula: axial length minus 2 mm. Since the eyeball 
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of a child is at 85% of its size at 2 years, the approximate mean axial length at enucleation 
for retinoblastoma would be 20 mm, resulting in an 18 mm sized implant, according to the 
formula. This corresponds with our advice. 

Socket problems and management strategies 
We found that discharge and infection of the postenucleation socket is a common 
problem in prosthesis wearers. Discharge and infection of the postenucleation socket is 
difficult to quantify due to its recurrent character and difference in subjective experience. 
Futhermore, a small amount of discharge seems unavoidable. In our cohort we could not 
find a relationship between personal cleaning habits and experience of complaints. This 
contrasted with the report of Pine et al.33 who found an association between cleaning 
regime and frequency-, volume- and viscosity of discharge: more severe discharge was 
reported with a more frequent cleaning regimen. 

Young patients are more prone to flares of socket discharge. Since this is frequently 
associated with a (secondary) bacterial infection we advise to treat these patients with 
topical antibiotics. In a small number of patients this treatment does not reduce symptoms. 
In non-responders to antibiotics with chronic complaints, a specific individual approach is 
needed due to variation in personal habits and specific causes. In chapter 7,  a decision-
tree is presented, designed to systematically evaluate the potential cause for the individual 
patient, leading to an individualized approach.

A hypothesized cause of discharge accumulation and increased mucus production 
is the hydrophobic character of the prosthesis. A new technique rendering a prosthesis 
hydrophilic by coating the PMMA with polyethylene glycol (PEG) is promising. The 
hydrophilic surface will lead to a homogeneous tearfilm which in turn might reduce irritation, 
discharge and infections.34  Currently a clinical trial with the application of hydrophilic 
surface of the prosthesis is carried out. 

Another problem identified in our study population is postenucleation socket pain. This 
is a rare late effect and diagnosis of the underlying cause is difficult. If no anatomical of 
functional causes are identified using our decision-tree (chapter 7) and treatment with 
pain killers or steroid injection is not sufficient, surgical exploration of the socket can be 
performed with explantation of the allogenic solid implant and insertion of an autologous 
dermis-fat implant instead (chapter 8). This, has been reported as an effective method 
for pain relieve.35 However, it is possible that this positive effect has other causes such 
as removal of scar tissue or neuromas.36 The cause of pain is probably multifactorial. In 
our cohort removal of the implant for exchange of a dermis-fat implant was effective in 
one case as well (chapter 9). A less invasive approach is destruction of nerve fibres by 
alcohol injection into the socket.37 This ancient treatment modality seems to be forgotten, 
but was often used in painful blind eyes due to glaucoma.38 Chemical neurolysis of the 
nerve fibers induces a transmission depression or complete destruction. After infiltration 
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of alcohol the reported pain-free period varies between one and two years.39–41  The risk 
of complications is low but there are reports of transient ptosis, chemosis, lid swelling, 
transient facial paresthesia, sterile orbital cellulitis, and orbital hemorrhage.39,40,42–48 

The fit of a perfect prosthesis may be challenging in children. 3D planning and printing 
is a promising technique to design custom made conformers to improve the shape of the 
socket in the healing process and to improve prosthesis fitting (chapter 10).

Recommendations for clinical practice 

In this thesis, we evaluate the sequels of enucleation and/or external beam irradiation for 
retinoblastoma.  Enucleation is a save and very effective procedure with low complication 
rates and with satisfying cosmetic results as judged by patients and their parents. Our 
research has shown that worldwide, for the cosmetic rehabilitation, a wide variety of 
implant materials is used, but that complication rates (exposure, extrusion) do not differ 
greatly. Thus, there seems to be no harm if each center continues to apply the materials it 
is experienced with and satisfied with. However, if a choice needs to be made, the acrylic 
implant is a little superior compared to other implants: it is the least expensive implant and 
shows the lowest complications rates. 

An individualized treatment planning is required, considering the tumour extent, 
additional risks and psychological impact.  Furthermore, the size of the implant should not 
be as large as possible, which used to be the common practice. Large implants increase 
the risk of ptosis, possibly due to extreme stretch on the levatorcomplex resulting from the 
anterior positioning of the recti muscles. In order to prevent extreme stretching and ptosis, 
it may be studied to position the recti muscles more posteriorly.   

We advise the use of a medium sized spherical implant of 18 mm after enucleation in 
children younger than 3 years. 

Close follow-up of the operated child is needed to prevent or identify complications 
at an early stage when minimally invasive solutions are still effective. Topical antibiotics 
are primarily recommended to treat infected sockets, which are recognized by their 
hyperaemic state and increased (purulent) discharge.  

Adequate counselling, not just about potential complications but also about alternative 
treatment options will improve long term outcome and satisfaction of the patients.

Research in progress and recommendations for the future 
 The appearance of a prosthetic eye differs from that of a normal eye in two respects: the 
lack of motility and the lack of a dilating pupil.

The size of the pupil changes constantly and is often rather large in children and young 
adults. Thus, the pupil size of the prosthesis may markedly differ from the pupil size  of 
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the healthy fellow eye. This will be especially notable in patients with low pigmented irises 
and may betray the fact that one wears an eye-prosthesis. With the latest developments in 
technology, a prosthesis with an artificial pupil that can enlarge and contract  as a normal 
pupil is no longer an utopia. The Technical University (TU) Delft developed a prototype of 
a prosthetic eye with a dilating pupil using the Electrowetting principle, (see Figure 1). With 
this technique a black droplet (representing the pupil) changes in dimensions based on light-
induced electrical changes of the underlying electrode. This model is very promising, but is 
not yet optimal in its function and requires further adaptations.The VU University medical 
center and TU Delft will continue to work on this development on a collaborative basis.

The motility of a prosthesis can be further improved using our new technique for motility 
measurement. As the shape of a prosthesis could potentially influence the motility of the 
prosthesis, we started a study of the prosthetic excursions with different shapes and sizes 
of the prostheses.  

Figure 1. Electrowetting model using a droplet as dilating pupil.
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Furthermore, we will continue to develop the 3D designing and printing techniques 
of the postoperative conformers and prostheses. This will improve the personal fit with 
hopefully subsequent reduction of complications. 

For the experienced problems of socket discharge, methods that alter the surface 
characteristics of an ocular prosthesis have the potential to reduce these complications.

There is belief, that immediate insertion of a temporary prosthesis (although not yet 
perfectly fitting) positively influences the acceptance of the loss of an eye. A multi center 
trial study has started to evaluate the psychological effects of insertion of a temporary 
prosthesis in comparison to a transparent conformer (which has been our current practice). 

This thesis focussed for a great part on the cosmetic outcome of survivors treated 
for advanced retinoblastoma. It reveals the necessity to continue evaluation and to 
proceed development of mainstream techniques. Further studies on late effects and 
cosmetic outcome of extensively treated eyes with IAC and intravitreal chemotherapy are 
recommended.

Delay in presentation of retinoblastoma is important for survival and required extent 
of treatment. Awareness campaigns such as conducted by The Eye Cancer Foundation 
and national screening programs may reduce the number of patients with advanced 
retinoblastoma, subsequently reducing the number of enucleations.  

In conclusion, eye-sparing treatment modalities that can totally replace enucleation 
worldwide have not been found yet. In the near future, enucleation will remain an important 
treatment option for retinoblastoma patients. We know that enucleation saves the lives of 
retinoblastoma patients in up to 98%, but little was known on how retinoblastoma patients 
appreciate their artificial eye, what physical complaints they have and which postoperative 
complications they may encounter after enucleation.

Although most studies focus on treatment efficacy and patient survival, cosmetic 
outcome of the treatment is a very important aspect for the patients’ quality of life (QoL). 
Having been bullied in childhood about the appearance of their eye, ocular prosthesis or 
face (which can be altered due to EBRT) is negatively correlated with the retinoblastoma 
patients’ QoL.49 Removal of an eye has a negative stigma. 

This thesis shows that patients and parents are quite satisfied with the cosmetic 
outcome and that enucleation is not as mutilating as previously thought. Furthermore, 
there is room for improvement of current materials and techniques. We hope that this 
knowledge will influence future decision making, where enucleation should receive the 
attention it deserves as a valuable treatment alternative for a devastating disease as 
retinoblastoma. 

11



519881-L-bw-mourits519881-L-bw-mourits519881-L-bw-mourits519881-L-bw-mourits
Processed on: 30-5-2018Processed on: 30-5-2018Processed on: 30-5-2018Processed on: 30-5-2018 PDF page: 190PDF page: 190PDF page: 190PDF page: 190

190

Chapter 11

References
1. Abramson DH. Retinoblastoma: saving life with vision. Annu Rev Med. 2014;65:171-184. 
2. Imhof SM, Moll AC, Hofman P, Mourits MP, Schipper J, Tan KE. Second primary tumours in hereditary- and 

nonhereditary retinoblastoma patients treated with megavoltage external beam irradiation. Doc Ophthalmol. 
1997;93(4):337-344. 

3. Imhof SM, Mourits MP, Hofman P, et al. Quantification of Orbital and Mid-facial Growth Retardation after 
Megavoltage External Beam Irradiation in Children with Retinoblastoma. Ophthalmology. 1996;103(2):263-
268. 

4. Imhof SM, Hofman P, Tan KE. Quantification of lacrimal function after D-shaped field irradiation for 
retinoblastoma. Br J Ophthalmol. 1993;77(8):482-484. 

5. Yousef YA, Soliman SE, Astudillo PPP, et al. Intra-arterial Chemotherapy for Retinoblastoma: A Systematic 
Review. JAMA Ophthalmol. March 2016. 

6. Soliman SE, D’Silva CN, Dimaras H, Dzneladze I, Chan H, Gallie BL. Clinical and genetic associations for 
carboplatin-related ototoxicity in children treated for retinoblastoma: A retrospective noncomparative single-
institute experience. Pediatr Blood Cancer. January 2018:e26931. 

7. Shields CL, Kaliki S, Rojanaporn D, Al-Dahmash S, Bianciotto CG, Shields JA. Intravenous and intra-arterial 
chemotherapy for retinoblastoma: what have we learned? Curr Opin Ophthalmol. 2012;23(3):202-209.

8. Efren J, Monroy G, Orbach DB, Vanderveen D. Seminars in Ophthalmology Complications of Intra-Arterial 
Chemotherapy for Retinoblastoma Complications of Intra-Arterial Chemotherapy for Retinoblastoma. Semin 
Ophthalmol. 2014;29(29):5-6. 

9. Abramson DH, Fabius AWM, Francis JH, et al. Ophthalmic artery chemosurgery for eyes with advanced 
retinoblastoma. Ophthalmic Genet. 2017;38(1):16-21. 

10. Wyse E, Handa JT, Friedman AD, Pearl MS. A review of the literature for intra-arterial chemotherapy used to 
treat retinoblastoma. Pediatr Radiol. February 2016:1-11. 

11. Abramson DH, Shields CL, Munier FL, Chantada GL. Treatment of Retinoblastoma in 2015: Agreement and 
Disagreement. JAMA Ophthalmol. 2015;133(11):1341-1347. 

12. Kaliki S, Shields CL, Rojanaporn D, et al. High-risk retinoblastoma based on international classification of 
retinoblastoma: analysis of 519 enucleated eyes. Ophthalmology. 2013;120(5):997-1003. 

13. Zhao J, Dimaras H, Massey C, et al. Pre-enucleation chemotherapy for eyes severely affected by retinoblastoma 
masks risk of tumor extension and increases death from metastasis. J Clin Oncol. 2011;29(7):845-851. 

14. Grigorovski N, Lucena E, Mattosinho C, et al. Use of intra-arterial chemotherapy for retinoblastoma: results of 
a survey. Int J Ophthalmol. 2014;7(4):726-730. 

15. Olteanu C, Dimaras H. Enucleation Refusal for Retinoblastoma: A Global Study. Ophthalmic Genet. August 
2015:1-7. 

16. Kumar A, Moulik NR, Mishra RK, Kumar D. Causes, Outcome and Prevention of Abandonment in 
Retinoblastoma in India. Pediatr Blood Cancer. 2013;60:771-775. 

17. Domingo RD, Toledo MW, Mante BL. Psychosocial factors influencing parental decision to allow or refuse 
potentially lifesaving enucleation in children with retinoblastoma. Asia-Pacific J Oncol Nurs. 2017;4(3):191. 

18. Soliman SE, Dimaras H, Souka AA, Ashry MH, Gallie BL. Socioeconomic and psychological impact of 
treatment for unilateral intraocular retinoblastoma. J Fr d’ophtalmologie. 2015;38(6):550-558. 

19. Perry AC. Integrated orbital implants. Adv Ophthalmic Plast Reconstr Surg. 1990;8:75-81. 
20. Colen TP, Paridaens DA, Lemij HG, Mourits MP, van den Bosch WA. Comparison of artificial eye amplitudes 

with acrylic and hydroxyapatite spherical enucleation implants. Ophthalmology. 2000;107(10):1889-1894. 
21. Guillinta P, Vasani SN, Granet DB, Kikkawa DO. Prosthetic motility in pegged versus unpegged integrated 

porous orbital implants. Ophthal Plast Reconstr Surg. 2003;19(2):119-122. 
22. Jordan DR, Chan S, Mawn L, et al. Complications associated with pegging hydroxyapatite orbital implants. 

Ophthalmology. 1999;106(3):505-512.
23. Vistnes LM. Mechanism of upper lid ptosis in the anophthalmic orbit. Plast Reconstr Surg. 1976;58(5):539-

545. 
24. De Potter P. Use of the Hydroxyapatite Ocular Implant in the Pediatric Population. Arch Ophthalmol. 

1994;112(2):208-212.
25. Christmas NJ. Evaluation of Efficacy and Complications: Primary Pediatric Orbital Implants After Enucleation. 

Arch Ophthalmol. 2000;118(4):503-506.
26. Karcioglu ZA, al-Mesfer SA MP. Porous polyethylene orbital implant in patients with retinoblastoma. 

Ophthalmology. 1998;105(7):1311-1316.
27. Nam Ju Kim, M.D., Ho Kyung Choung, Sang In Khwarg YSY. Free Orbital Fat Graft to Prevent Porous 

Polyethylene Orbital Implant Exposure in Patients with Retinoblastoma. Ophthalmic Plast Reconstr Surg. 
2005;21(4):253–58.

28. Lee V, Subak-Sharpe I, Hungerford JL, Davies NP LS. Exposure of primary orbital implants in postenucleation 



519881-L-bw-mourits519881-L-bw-mourits519881-L-bw-mourits519881-L-bw-mourits
Processed on: 30-5-2018Processed on: 30-5-2018Processed on: 30-5-2018Processed on: 30-5-2018 PDF page: 191PDF page: 191PDF page: 191PDF page: 191

191

General discussion and recommendations for the future

retinoblastoma patients. Ophthalmology. 2000;107(5):940-945.
29. Custer PL, Trinkaus KM, Fornoff J. Comparative motility of hydroxyapatite and alloplastic enucleation implants. 

Ophthalmology. 1999;106(3):513-516. 
30. Shome D, Honavar SG, Raizada K, Raizada D. Implant and prosthesis movement after enucleation: a 

randomized controlled trial. Ophthalmology. 2010;117(8):1638-1644. 
31. Yadava U, Sachdeva P, Arora V. Myoconjunctival enucleation for enhanced implant motility. result of a 

randomised prospective study. Indian J Ophthalmol. 2004;52(3):221-226. 
32. Kaltreider SA, Peake LR, Carter BT. Pediatric enucleation: analysis of volume replacement. Arch Ophthalmol. 

2001;119(3):379-384.
33. Pine K, Sloan B, Stewart J, Jacobs RJ. A survey of prosthetic eye wearers to investigate mucoid discharge. 

Clin Ophthalmol. 2012;6:707-713. 
34. Ko J, Cho K, Han SW, et al. Hydrophilic surface modification of poly(methyl methacrylate)-based ocular 

prostheses using poly(ethylene glycol) grafting. Colloids Surfaces B Biointerfaces. 2017;158:287-294. 
35. Shams PN, Bohman E, Baker MS, Maltry AC, Kopp ED, Allen RC. Chronic anophthalmic socket pain treated 

by implant removal and dermis-fat graft. Br J Ophthalmol. June 2015:bjophthalmol-2014-306585. 
36. Abràmoff MD, Ramos LP, Jansen GH, Mourits MP. Patients with persistent pain after enucleation studied by 

MRI dynamic color mapping and histopathology. Invest Ophthalmol Vis Sci. 2001;42(10):2188-2192. 
37. Schittkowski M. Alkoholinjektion bei chronischem orbitalem Schmerz nach Enukleation – Falldarstellung und 

Literaturübersicht. Klin Monbl Augenheilkd. 2017;234(1):20-25. 
38. Lebrun G. [Thirty-four years of retrobulbar alcohol injection]. Bull Soc Belge Ophtalmol. 1971;158:475-501. 
39. Al-faran MF, Al-omar OM. Retrobulbar alcohol injection in blind painful eyes. Ann Ophthalmol. 1990;22(12):460-

462.
40. Akhtar N, Tayyab A, Kausar A, Jaffar S. Pain management with retrobulbar alcohol injection in absolute 

glaucoma. J Pak Med Assoc. 2015;65(6):678-680. 
41. Çok OY, Eker HE, Cantürk S, Yaycioğlu R, Ariboğan A, Arslan G. Pain management in blind, painful eyes: 

clinical experience with retrobulbar alcohol injection in 4 cases. Agri. 2011;23(1):43-46. 
42. Webber SK, McGhee CN, McMenamin PG. Precautionary note on retrobulbar alcohol injections. Br J 

Ophthalmol. 1995;79(2):192-194. 
43. Margo CE, Wilson T. Orbital cellulitis after retrobulbar injection of chlorpromazine. Arch Ophthalmol (Chicago, 

Ill  1960). 1993;111(10):1322.
44. Cotliar JM, Shields CL, Meyer DR. Chronic orbital inflammation and fibrosis after retrobulbar alcohol and 

chlorpromazine injections in a patient with choroidal melanoma. Ophthal Plast Reconstr Surg. 24(5):410-411. 
45. Chen TC, Ahn Yuen SJ, Sangalang MA, Fernando RE, Leuenberger EU. Retrobulbar Chlorpromazine 

Injections for the Management of Blind and Seeing Painful Eyes. J Glaucoma. 2002;11(3):209-213. 
46. Ortiz A, Galvis V, Tello A, Miro-Quesada JJ, Barrera R, Ochoa M. Clorpromazina retrobulbar en el manejo del 

ojo doloroso ciego o con baja visión. Arch Soc Esp Oftalmol. December 2016. 
47. Hauck MJ, Harold Lee H, Timoney PJ, Shoshani Y, Nunery WR. Neurotrophic Corneal Ulcer After Retrobulbar 

Injection of Chlorpromazine. Ophthal Plast Reconstr Surg. 2012;28(3):e74-e76. 
48. Maumenee AE. Retrobulbar alcohol injections; relief of ocular pain in eyes with and without vision. Am J 

Ophthalmol. 1949;32(11):1502-1508.
49. van Dijk J, Imhof SM, Moll AC, et al. Quality of life of adult retinoblastoma survivors in the Netherlands. Health 

Qual Life Outcomes. 2007;5(1):30.

11



519881-L-bw-mourits519881-L-bw-mourits519881-L-bw-mourits519881-L-bw-mourits
Processed on: 30-5-2018Processed on: 30-5-2018Processed on: 30-5-2018Processed on: 30-5-2018 PDF page: 192PDF page: 192PDF page: 192PDF page: 192

192


