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Original Article

Vitreoretinal surgery on the fellow eye: A retrospective analysis of 18 years of 
surgical data from a tertiary center in England

Mark A P Fajgenbaum, Roger S Wong, David A H Laidlaw, Tom H Williamson

Purpose: To determine the long‑term incidence of fellow‑eye surgical involvement in patients who have 
undergone first‑eye vitreoretinal (VR) surgery for a variety of indications. This was a single‑institution 
retrospective, consecutive series. Methods: Eighteen years of electronic surgical data were reviewed at 
our institution. All patients having surgery for the following indications were included: rhegmatogenous 
retinal detachment (RRD), macular hole (MH), epiretinal membrane (ERM), proliferative diabetic 
retinopathy (PDR), vitritis, and dropped nucleus. Primary outcome was the cumulative incidence of 
fellow‑eye surgery at 10 years by Kaplan–Meier analysis. Results: Total follow‑up was 29,629 patient‑years. 
Cumulative incidence (± standard error) of fellow‑eye surgery at 10 years was 7.2% ± 0.6% for RRD, 9.1% 
± 1.3% for ERM, 7.5% ± 1.8% for MH, 30.6% ± 1.9% for PDR, 13.7% ± 2.9% for vitritis, and 2.8% ± 1.6% for 
dropped nuclei. The hazard for second‑eye surgery was greatest in the early postoperative period after 
first‑eye surgery for all indications. For RRD, the hazard was 2.7% ± 0.3% at year 1, 1.1% ± 0.2% at year 2, 
and 0.5% ± 0.2% at year 5. Risk factors for fellow‑eye involvement for RRD were younger age (P < 0.001) 
and male gender (P < 0.01). Conclusion: We report the long‑term risk of fellow‑eye involvement in various 
VR pathologies, which is important in counseling patients regarding their risks as well as planning service 
provision.
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Vitreoretinal (VR) pathologies such as macular holes (MHs), 
epiretinal membranes (ERMs), and rhegmatogenous retinal 
detachments (RRDs) typically present with unilateral 
symptoms, but there is an increased propensity for fellow‑eye 
involvement over time. The risk of requiring fellow‑eye 
surgery in VR pathologies is not well established. In the case 
of RRD, the cumulative risk of second‑eye involvement has 
been reported between 4% and 31% over variable follow‑up 
periods,[1‑7] while annual incidence has been estimated at 
1%.[2] Robust, long‑term data on VR patients is necessary to 
calculate such risks, and this data is difficult to obtain with 
correspondingly few reports. Yet, fellow‑eye involvement 
remains one of the primary concerns for patients with VR 
pathology – and justifiably so given the potential impact on 
visual function. An understanding of the timing, incidence, 
and risk factors for second‑eye surgery also has implications 
clinically in terms of how and when VR patients are counseled 
and monitored long‑term.

In this retrospective study, we utilized a prospectively 
maintained electronic medical record (EMR) available at our 
institution over an 18‑year period to assess the timing and 
incidence of second‑eye surgical involvement in various VR 
pathologies.

Methods
A retrospective review of data was performed on a 
prospectively maintained EMR (Vitreor, Axsys Technologies, 
Glasgow, Scotland). The EMR has been used at our institution 
to record all VR operations since October 1998. The database 
captures the following compulsory fields: patient age, patient 
gender, laterality of affected eye, indication for surgery, and 
type of operation performed.

The database was reviewed for all operations meeting the 
following criteria:
• Date of surgery: October 2001 to October 2016
• Indication for surgery:

• RRD including any of the following: round holes, 
dialyses, horseshoe tear detachments, and giant retinal 
tears

• MH
• ERM
• proliferative diabetic retinopathy (PDR)
• Vitritis
• Dropped nucleus.
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The first VR operation on the database for a particular 
patient (the “index” eye) was assumed to be the first‑eye 
affected with a VR condition. By commencing study inclusion 
from October 2001, 3 years of database records were available 
for review (1998–2001) to validate index eye status at our 
institution.

The primary outcomes of the study were to determine for 
each of the six included conditions (RRD, MH, ERM, PDR, 
vitritis, and dropped nucleus):
1. The mean annual incidence of fellow‑eye surgical 

involvement throughout follow‑up
2. The cumulative incidence of fellow‑eye surgical involvement 

at 5, 10, and 15 years
3. The hazard ratio per year of fellow‑eye surgical 

involvement
4. The risk factors associated with fellow‑eye surgical 

involvement among the following:
• Age at presentation
• Gender
• Right–left laterality of the first eye
• Type of first‑eye surgery (vitrectomy vs buckle) for RRD 

cases only
• Indication of first‑eye surgery (tractional retinal 

detachment [TRD] vs. persistent vitreous hemorrhage 
[VH]) for PDR cases only.

Statistics
All statistical analyses were performed using SPSS 
version 20 (IBM, Armonk, NY, USA). Mean annual incidence 
of fellow‑eye involvement was determined by dividing the 
total number of fellow‑eyes involved by the total number of 
patient‑years of follow‑up. The follow‑up for each patient was 
calculated as the time from first‑eye surgery until fellow‑eye 
involvement or until the eye was censored. To adjust for the 
absence of death data, patients who did not have fellow‑eye 
involvement were censored when they reached the average 
UK life expectancy age of 79 for males and 83 for females 
unless the study end date arrived before.[8] If a patient was 
already over the UK life expectancy age at the time of their 
index eye operation, they were censored at 5 years from the 
date of surgery, unless the study end date arrived before.

The cumulative incidence of fellow‑eye involvement at 5, 
10, and 15 years was determined by Kaplan–Meier survival 
analysis. Hazard rates for each year were determined by 
life table analysis. Risk factors associated with fellow‑eye 

involvement were analyzed by Cox regression. For all tests, 
P < 0.05 was considered statistically significant.

Results
A total of 5,749 patients had an index VR operation undertaken 
at our institution between October 2001 and October 2016. Total 
follow‑up was 29,629 patient‑years.

The demographics of the index eyes [Table 1] were in 
keeping with expected demographics for the underlying 
indications. There was a clear male predominance for 
RRD (62%) and PDR (59%), while females predominated for 
MH (69%) and ERM (54%). Males and females were relatively 
equally represented for vitritis and dropped nuclei. Mean age 
at index eye presentation was youngest for vitritis (53 years) 
and PDR (55 years) and oldest for MH (69 years) and dropped 
nuclei (74 years). Right eyes were the more commonly involved 
index eye for all indications except dropped nuclei. The 
mean annual incidence of fellow‑eye involvement [Table 1] 
calculated over the entire course of follow‑up showed 
fellow‑eye involvement to be most likely with PDR (mean 
incidence 5.7% per year) and least common with dropped 
nuclei (0.3% per year).

Table 1: Index eye characteristics and mean annual incidence of fellow‑eye involvement for each surgical indication

n Mean 
Age (years)

Male (%) Right 
eye (%)

Vitrectomy (%) Total 
follow‑up 

(patient‑years)

Median 
follow‑up in 

years (range)

Number of 
bilateral 
cases

Mean annual 
incidence of 
fellow‑eye 

involvement

RRD 3189 58.2 62.2 54.2 86.4 17,521 5.0 (0.1‑15.9) 168 1.0

MH 709 68.9 31.3 53.5 100.0 3331 4.1 (0.1‑15.6) 52 1.6

ERM 587 69.5 45.7 51.4 100.0 2638 3.9 (0.1‑15.6) 30 1.1

PDR 786 55.1 59.2 50.8 100.0 3729 3.6 (0.1‑15.9) 213 5.7

Vitritis 211 53.0 51.2 56.4 100.0 1220 4.8 (0.1‑15.8) 24 2.0
Dropped 
nucleus

267 74.2 49.8 45.3 100.0 1190 4.8 (0.1‑14.7) 4 0.3

RRD: Rhegmatogenous retinal detachment, MH: Macular hole, ERM: Epiretinal membrane, PDR: Proliferative diabetic retinopathy

Figure 1: Kaplan–Meier cumulative survival curves for fellow-eye 
surgery after first‑eye surgery for various vitreoretinal indications. 
RRD: Rhegmatogenous retinal detachment, MH: Macular hole, 
ERM: Epiretinal membrane, PDR: Proliferative diabetic retinopathy
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Kaplan–Meier second‑eye survival curves for each 
indication are shown in Fig. 1. The cumulative incidence of 
fellow‑eye involvement at 5, 10, and 15 years by Kaplan–Meier 
analysis for each of the indications is shown in Table 2.

Hazard rates for fellow‑eye involvement are shown in Table 3. 
They emphasize that fellow‑eye involvement was heavily loaded 
in the early postoperative period after first‑eye surgery for 
all indications. In the case of RRD, 49% (82/168) of fellow‑eye 
detachments occurred in the 1st year and 77% within 3 years, while 
<3% occurred beyond 7 years. Hazard rates for most indications 
were 0 at 10 years, and for all indications were 0 at 15 years.

Risk factors for fellow‑eye rhegmatogenous retinal detach‑
ment
Cox regression found younger age at first‑eye presentation 
was a significant risk for second‑eye RRD (P < 0.001). With 
each additional year at presentation, the risk of second‑eye 
RRD decreased by 1.8%. Male gender was also associated with 
second‑eye involvement (P = 0.01). Right–left laterality of the 
first eye (P = 0.54) and type of first‑eye surgery (vitrectomy 
vs buckle, P = 0.11) were not independent risk factors for 
second‑eye involvement.

Fig. 2a shows the age and gender distribution of all RRD’s, 
while Fig. 2b shows the age and gender distribution for bilateral 
cases. Fig. 2b emphasizes that bilateral retinal detachment is 
primarily a condition of middle‑aged males.

Table 2: Cumulative fellow‑eye involvement at 1, 5, 10, 
and 15 years by Kaplan‑Meier

Indication Cumulative incidence of fellow‑eye 
involvement±SE

1 year 
(%)

5 years 
(%)

10 years 
(%)

15 years 
(%)

RRD 2.6±0.3 5.6±0.5 7.2±0.6 7.5±0.7

MH 5.8±0.9 7.6±1.1 9.1±1.3 9.1±1.3

ERM 3.5±0.8 5.6±1.1 7.5±1.8 10.7±3.6

PDR 17.7±1.4 28.6±1.7 30.6±1.9 30.6±1.9

Vitritis 6.8±1.8 10.3±2.2 13.7±2.9 16.2±3.7
Dropped nucleus 0.4±0.4 1.4±0.8 2.8±1.6 2.8±1.6

RRD: Rhegmatogenous retinal detachment, MH: Macular hole, 
ERM: Epiretinal membrane, PDR: Proliferative diabetic retinopathy, 
SE: Standard error

Table 3: Hazard rates±standard error per year for fellow‑eye detachment

Indication Hazard rates±SE for fellow‑eye detachments per year

Year 1 (%) Year 2 (%) Year 3 (%) Year 4 (%) Year 5 (%) Year 10 (%) Year 15 (%)

RRD 2.7±0.3 1.1±0.2 0.7±0.2 0.5±0.2 0.5±0.2 0.3±0.2 0.0±0.0

MH 5.8±0.9 0.5±0.3 0.6±0.3 0.7±0.4 0.0±0.0 0.0±0.0 0.0±0.0

ERM 3.5±0.8 0.6±0.4 0.8±0.4 0.0±0.0 0.7±0.5 0.0±0.0 0.0±0.0

PDR 17.8±1.4 5.4±0.8 2.4±0.6 2.5±0.7 0.6±0.4 0.6±0.6 0.0±0.0

Vitritis 6.9±1.8 2.7±1.2 0.0±0.0 0.0±0.0 0.8±0.8 0.0±0.0 0.0±0.0
Dropped nucleus 0.4±0.4 0.5±0.5 0.0±0.0 0.6±0.6 0.0±0.0 0.0±0.0 0.0±0.0

RRD: Rhegmatogenous retinal detachment, MH: Macular hole, ERM: Epiretinal membrane, PDR: Proliferative diabetic retinopathy, SE: Standard error

Figure 2: Gender and age distribution at the time of first‑eye surgery for rhegmatogenous retinal detachment in cases that were ultimately (a) unilateral 
and (b) bilateral

ba
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In a post hoc analysis of the 434 RRD first‑eyes that 
underwent buckling (in our institution this was a close 
proxy for round hole detachment or dialysis), age of first‑eye 
surgery (P = 0.39) and male gender (P = 0.78) were no longer 
statistically significant risk factors for second‑eye involvement. 
By contrast, for the 2755 first‑eyes that had vitrectomies (a proxy 
for posterior vitreous detachment (PVD) and horseshoe breaks 
at our institution), younger age at presentation of first‑eye 
RRD (P = 0.001) and male gender (P = 0.006) were both strongly 
associated with second‑eye involvement. For cases that had a 
first‑eye vitrectomy (implying PVD‑positive RRD), the mean 
age of presentation was 61 years where unilateral and 56 years 
where bilateral (P < 0.001).

Risk factors for fellow‑eye: Epiretinal membrane, macular 
hole, proliferative diabetic retinopathy, vitritis, dropped 
nuclei
For PDR, younger age at first‑eye surgery was associated 
with second‑eye surgery (P < 0.001) while indication for 
surgery (TRD vs. VH) and gender were not significant factors. 
For vitritis, older age at first‑eye surgery was associated with 
second‑eye surgery (P < 0.05). Age was not associated with 
second‑eye involvement for ERM, MH, or dropped nuclei. 
Female gender was associated with increased risk of second‑eye 
surgery for MH (P < 0.05) but gender was not associated 
with other indications (ERM, PDR, vitritis, or dropped 
nuclei). Laterality of first affected eye was not associated with 
second‑eye involvement for any of these conditions.

Discussion
Rhegmatogenous retinal detachment and fellow‑eye risks
The mean annual incidence of fellow‑eye RRD in our study 
was 1.0%. This is consistent with findings by Hajari et al. 
who conducted the largest population study on the subject 
to date.[2] They found a mean annual incidence of 1.3% using 
operative records from the Danish National Health Registry 
covering a follow‑up of 37,252 patient‑years. In a smaller 
series, Folk and Burton reported a mean annual incidence 
around 1% depending on whether eyes had myopia (1.3%) 
or lattice (0.95%) or both (0.98%).[1] It is important to note that 
mean annual incidence, which is calculated across the entirety 
of follow‑up, does not accurately reflect the variation in risk 
over time – and in particular the loading of fellow‑eye risk 
in the early postoperative period after first‑eye surgery. The 
probability (hazard rate) of fellow‑eye surgery in the 1st year 
was 2.7% in our series, which reduced significantly to 1.1% by 
the 2nd year (contingent on the fellow‑eye surviving to the start 
of the 2nd year) and 0.7% by the 3rd year. By the 5th and 10th years, 
the hazard rates were 0.5% and 0.3%, respectively. We are not 
aware of hazard rates being calculated for fellow‑eye RRD 
before. Our results emphasize that monitoring the fellow‑eye 
in the first few years after index eye detachment may be useful 
in detecting and preempting early pathology.

The cumulative incidence of fellow‑eye RRD at 15 years by 
Kaplan–Meier analysis was 7.5% in our series. The cumulative 
fellow‑eye risk in prior reports has been widely variable, 
ranging between 4% and 31% from cohorts of different 
sizes over variable follow‑up periods, which makes useful 
comparison difficult.[1,3‑7] Hajari et al. in their large, population 
study used a similar Kaplan–Meier analysis to our own work 
and found a cumulative 10‑year risk of 9%.[2]

Of the risk factors examined in our study, male gender 
and younger age at first‑eye presentation were statistically 
significant predictors of fellow‑eye RRD involvement, 
which is consistent with prior reports.[2,4] Hajari et al. found 
pseudophakia to be an additional factor.[2] We were unable 
to determine the contribution of pseudophakia in our own 
study as it was not reliably recorded in our database. Other 
predisposing factors for fellow‑eye involvement in prior, 
smaller reports include anatomical factors such as myopia, 
lattice, and giant retinal tears.[1,4] Again, we were unable to 
determine the contribution of these potential anatomical 
risks in our own study due to insufficient data collection on 
these variables. Nonetheless, the subgroup analysis of buckles 
versus vitrectomies in our series was instructive. At our 
institution, buckles are a proxy for round hole detachments 
or dialyses, while vitrectomy is a proxy for PVD‑positive 
detachments with horseshoe breaks. It was interesting that 
gender and age were no longer statistically significant risk 
factors for fellow‑eye involvement when the index‑eye 
underwent a buckle, but these factors were strongly correlated 
to fellow‑eye risk for vitrectomies. In regards to gender, 
these findings support a previous study by Chuo et al. which 
suggested a protective effect of estrogen on the integrity 
of vitreous architecture.[9] In regards to age, the correlation 
between younger presentation and fellow‑eye involvement 
in PVD‑positive detachments may be explained in two ways. 
First, patients who are younger when they develop a PVD (and 
by extension younger at first‑eye presentation with a horseshoe 
detachment) are more likely to have inherent vitreoretinal 
vulnerabilities to retinal detachment such as high myopia, 
as confirmed by prior reports.[10] Second, patients who are 
younger at first‑eye presentation with PVD‑positive RRD are 
more likely to be presenting with a first‑eye PVD. In other 
words, the fellow‑eye remains at risk with an attached vitreous. 
On the other hand, patients presenting at a later age are more 
likely to be presenting with their second PVD, such that the 
fellow‑eye has a detached vitreous and is at lower future risk. 
We could not test the independent contribution of PVD status 
to fellow‑eye risk in our series due to the limitations of our 
data. It is conceivable that if PVD status and if intrinsic ocular 
factors such as myopia and lattice degeneration are taken 
into account, that age of first‑eye presentation may no longer 
represent an independent risk for fellow‑eye involvement.

Other vitreoretinal pathologies
The cumulative incidence of fellow‑eye surgery at 15 years’ 
follow‑up [Table 2] for the various presenting etiologies 
is instructive and provides a useful approximation for an 
individual’s cumulative, lifetime risk. Unsurprisingly, the 
highest rate of fellow‑eye surgical involvement occurred in 
diabetes (30.6%) and vitritis (16.2%). These are both conditions 
in which bilateral and symmetrical ocular involvement is 
common. There are very few studies on fellow‑eye vitrectomy 
rates in PDR. Our incidence at 15 years (30.6%) was slightly 
lower than that found by Hwang et al. in a study of 358 patients 
from an inner‑city population of predominantly uninsured, 
African‑American patients where the 5‑year fellow‑eye 
vitrectomy rate was 36%.[11] In another study from New Zealand, 
on a predominantly Maori and Pacific Islander population, the 
fellow‑eye vitrectomy rate was 38% at a mean follow‑up of 
4 years.[12] Of note, the population under study in New Zealand 
was in particularly poor health with 57% of patients dying by 
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the time of data analysis. We are not aware of prior reports 
documenting cumulative fellow‑eye vitrectomy rates in vitritis.

The cumulative risk of fellow‑eye surgery at 15 years for ERM’s 
was 10.7%. This appears consistent with population studies 
which suggest ERMs occur bilaterally (if not symmetrically) in 
20%[13] to 30%[14] of patients with ERM. MH’s had a cumulative 
15‑year risk of fellow‑eye surgery of 9.1% in our series. By 
comparison, a prospective, observational, longitudinal study 
of normal fellow‑eyes in patients with first‑eye MH, found the 
risk of fellow‑eye MH formation at 5 years was 15.6%.[15] The 
higher incidence in this report may be due to its prospective 
design and the fact that a proportion of patients with fellow‑eye 
MH may not opt for surgery. Dropped nuclei had by far the 
lowest cumulative risk for bilaterality in our series as would be 
expected for an uncommon surgical complication.

In regards to risk factors, younger age at first‑eye 
presentation was associated with fellow‑eye involvement 
in PDR cases. This is likely reflective of younger presenters 
having more poorly controlled diabetes with correspondingly 
aggressive, bilateral disease. Hwang et al. found younger age 
and TRD (as opposed to nonclearing VH) to be associated 
with fellow‑eye PDR vitrectomy.[11] TRD was not a significant 
risk factor in our series. A study by Song et al. assessing 
systemic influences on fellow‑eye vitrectomy rates found renal 
impairment to be a significant factor.[16] For vitritis, older age 
was a risk factor for fellow‑eye surgery in our series. This is 
likely to reflect the variation in presenting etiologies for vitritis 
in younger versus older patients.

In regards to risk over time, all 6 VR pathologies studied 
in our series had a significant loading of fellow‑eye hazard 
in the early postoperative period after index eye surgery, as 
evidenced in Fig. 1 and in Table 3. The tendency to early risk 
is likely multifactorial. In the case of PDR and vitritis, it likely 
reflects the fact that these conditions are often bilateral and 
relatively symmetrical. In MH’s, ERM’s, and RRD’s, where 
the underlying pathophysiology centers on an aberrant PVD, 
fellow‑eye surgery soon after the first‑eye may be expected 
since PVD’s typically occur in close succession within 6 months 
to 2 years of each other.[17] The loading of risk early may also 
be reflective of practical considerations. Patients under active 
review in a VR service may be more likely to plan for their 
second‑eye surgery, especially in insidious conditions such as 
ERM; while for more acute pathology, patients under active 
review for a first‑eye may be more likely to have asymptomatic 
pathology detected and treated in the fellow‑eye.

Limitations
The main limitation of our study was its retrospective design. 
Moreover, like all large, retrospective studies that utilize 
electronic patient record (EPR) data, our results were reliant 
on the accuracy of data entered over many years by multiple 
physicians in a clinical environment. The absence of death 
data meant fellow‑eye survival analyses relied on assumptions 
about patient survival, as explained in the Methods section. 
Given the large number of patients in our series, however, 
these assumptions which were based on average UK life 
expectancy data[8] were unlikely to introduce significant errors. 
The two most likely sources of error in our analyses and which 
would both tend to cause an underestimation of fellow‑eye 
involvement were as follows:

1. The assumption that the index eye operation in our EPR 
database was the patient’s first eye to undergo VR surgery. 
To validate this assumption, we recruited patients from 
2001, allowing 3 years of EPR data (1998–2001) with which 
to cross‑check index‑eye status at our institution. However, if 
a patient had first‑eye surgery performed elsewhere, or if his 
first‑eye operation was performed at our institution before the 
introduction of the EPR in 1998, then his fellow‑eye operation 
after 2001 would be considered an index eye in our study

2. The assumption that a patient with a first‑eye VR operation 
at our institution would necessarily return to our institution 
in the event of fellow‑eye involvement. In defense of this 
assumption, our hospital works within the UK National 
Health Service and the catchment area covered by our 
institution has remained stable during the period of 
follow‑up of this study. However, some patients may have 
moved location, or chosen to have their second‑eye treated 
in the private sector, in which case fellow‑eye surgery would 
not be captured by our study.

For the reasons outlined above, we consider our results 
in respect of incidence rates and hazard rates for fellow‑eye 
involvement, to represent a minimum estimate; with actual 
fellow‑eye surgery rates likely to be marginally higher.

Conclusion
By utilizing EPR data available from our institution over an 
extended period of 18 years, our study provides valuable 
long‑term information on the timing, incidence, and risk factors 
for fellow‑eye surgical involvement in a variety of presenting 
vitreoretinal pathologies. While recognizing the limitations of 
retrospective data analysis, our results are useful in informing 
clinicians and patients about the risks of fellow‑eye intervention 
and in providing evidence for clinicians who are seeking a 
rationale for when and how to screen patients for fellow‑eye 
VR pathology.
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