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Abstract

Purpose—To determine risk factors predictive of retinal detachment in patients with
cytomegalovirus (CMV) retinitis in a setting with limited access to ophthalmic care.

Design—Case-control study.

Methods—Sixty-four patients with CMV retinitis and retinal detachment were identified from
the Ocular Infectious Diseases and Retina Clinics at Chiang Mai University. Three control patients
with CMV retinitis but no retinal detachment were selected for each case, matched by calendar
date. The medical records of each patient were reviewed, with patient-level and eye-level features
recorded for the clinic visit used to match cases and controls, and also for the initial clinic visit at
which CMV retinitis was diagnosed. Risk factors for retinal detachment were assessed separately
for each of these time points using multivariate conditional logistic regression models that
included 1 eye from each patient.
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Results—Patients with a retinal detachment were more likely than controls to have low visual
acuity (OR, 1.24 per line of worse vision on the logMAR scale; 95%Cl, 1.16-1.33) and bilateral
disease (OR, 2.12; 95%CI, 0.92-4.90). Features present at the time of the initial diagnosis of CMV
retinitis that predicted subsequent retinal detachment included bilateral disease (OR, 2.68; 95%Cl,
1.18-6.08) and lesion size (OR, 2.64 per 10% increase in lesion size; 95%Cl, 1.41-4.94).

Conclusion—Bilateral CMV retinitis and larger lesion sizes, each of which is a marker of
advanced disease, were associated with subsequent retinal detachment. Earlier detection and
treatment may reduce the likelihood that patients with CMV retinitis develop a retinal detachment.

Keywords
CMV Retinitis; HIV/AIDS; International Ophthalmology; Retinal Detachment

Introduction

Cytomegalovirus (CMV) retinitis is the most common ocular opportunistic infection and the
leading cause of blindness among patients with the acquired immunodeficiency syndrome
(AIDS).L: 2 Although it is now uncommon in the United States with the widespread use of
highly active antiretroviral therapy (HAART),3-8 CMV retinitis continues to be the most
common ocular opportunistic infections in AIDS patients and an important cause of
blindness in many developing countries, especially in Asia.”13 For example, at a tertiary
ophthalmology center in Thailand, CMV retinitis affected 33% of AIDS patients and was
the second leading cause of blindness among all patients seen at the clinic. 11 Of the major
reasons for visual acuity loss associated with CMV retinitis, retinal detachments are perhaps
the most devastating.1* Patients often have poor long-term visual outcomes even with
surgical intervention, leading to permanent loss of vision.15-18 Because it can be a
devastating complication of CMV retinitis, it is critical to understand the clinical
characteristics that are associated with retinal detachment.

Risk factors for retinal detachment have been described for CMV retinitis patients in the
United States.19-23 However, little information exists on CMV-related retinal detachment in
the developing world, where the vast majority of CMV retinitis currently occurs and where
retinal detachment is a common complication.23: 17 The circumstances in such resource-
limited settings are very different from those seen in the United States. For example, patients
at risk for CMV retinitis in Southeast Asia are not routinely screened, and the disease is
often at an advanced stage at the time of initial diagnosis.1? Patients are often diagnosed
several months after starting HAART, raising the possibility of preexisting CMV retinitis
that becomes symptomatic due to intra-ocular inflammation from immune recovery.
Furthermore, CMV retinitis in the developing world is treated almost exclusively with
intravitreal ganciclovir injections, presenting additional risk for complications. Because the
disease course and treatment regimen differ significantly in resource-limited settings, the
risk factors for retinal detachment may be different than those found in the United States. In
this study, we describe the results from a case-control study conducted in Thailand that
investigated the risk factors for CMV retinitis-related retinal detachment.

Am J Ophthalmol. Author manuscript; available in PMC 2016 January 01.
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Ethical approval was obtained from the Committee on Human Research at the University of
California, San Francisco and the Chiang Mai University Faculty of Medicine Research
Ethics Committee prior to conducting this case-control study. This study adhered to the
tenets of the Declaration of Helsinki.

This study was conducted at the Ocular Infectious Diseases Clinic at Chiang Mai University,
a tertiary referral ophthalmology clinic in northern Thailand. The clinic generally examines
at-risk HIV patients with visual symptoms. We identified cases of CMV retinitis-related
retinal detachment that were diagnosed between December 2004 and August 2010 by
reviewing the medical records of all patients with CMV retinitis seen in the Ocular
Infectious Diseases Clinic and all patients from the Retina Clinic logbook who had a
procedure performed during this time. Cases were defined as any patient for whom retinal
detachment was documented in the medical record. We selected 3 controls per case using
incidence density sampling. Specifically, we reviewed the Ocular Infectious Diseases Clinic
CMV retinitis logbook and enumerated all patients with a visit for CMV retinitis £ 3 months
from the date the retinal detachment was initially diagnosed. We used a random number
generator to select 3 patients without retinal detachment from this list to serve as controls.
We sampled controls without replacement; each patient could serve as a control to only one
case of retinal detachment. If a case had sequential bilateral retinal detachments, the date of
the first retinal detachment was used to identify controls.

We collected eye-level and patient-level clinical and demographic information from the visit
that the retinal detachment was first diagnosed for cases, and from the corresponding
matched visit for controls. We also collected the same information from the initial clinic
visit at which the diagnosis of CMV retinitis was initially made, in order to determine
whether features that were present at baseline were predictive of future retinal detachment.

The medical record included detailed retinal drawings for all patients, drawn on a template
that included the optic disc, fovea and vascular arcades, as well as the three zones
traditionally used for CMV retinitis (zone 1 included the area within 3000 pm of the fovea
or 1500 um of the margin of the optic disc, zone 2 extended from zone 1 to the vortex veins,
and zone 3 was the remaining retinal area that extended to the ora serrata).2 We noted the
zone(s) with CMV retinitis and then grouped them based on the most anterior zone that was
involved. In addition, we assessed 1) the area of retinitis as a proportion of the retinal
surface area, 2) the most anterior extent of the retinitis, expressed as the proportion of the
retinal radius as measured from the fovea to the ora serrata, and 3) the most posterior extent
of the retinitis, also expressed as the proportion of the retinal radius. Measurements of the
size and location of retinitis were performed by one of two graders using ImageJ software
(Bethesda, MD),25 masked to whether the eye was a case or control. Lesion size
measurements had good inter-rater reliability (intraclass correlation coefficient [ICC]
between the two graders on a random set of 50 eyes was 0.88, 95%CI 0.81-0.94). Based on
the charted retinal drawings it was often difficult to clearly distinguish detached retina from
areas with CMV retinitis. Therefore, for this study we included lesion size and location only

Am J Ophthalmol. Author manuscript; available in PMC 2016 January 01.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Yen et al.

Results

Page 4

from eyes at the time of initial CMV retinitis diagnosis, before a retinal detachment had
developed.

We constructed univariate and multivariate conditional logistic regression models to
determine risk factors for retinal detachment, using the eye as the unit of analysis. Separate
models were constructed for the matched visit (visit at which the retinal detachment was
diagnosed or the time-matched visit for controls) and the visit at which CMV retinitis was
first diagnosed. Because eyes from the same person are not independent, we selected only a
single eye from each patient for analyses: for cases with sequential bilateral retinal
detachments, we selected the first eye that developed a detachment; for cases with bilateral
retinal detachments initially diagnosed at the same visit, one eye was randomly selected; and
for controls with bilateral CMV retinitis, we randomly selected one of the eyes. Continuous
predictors were tested for specification error (linktest in Stata) and transformations applied
as needed. We explored the use of cubic splines for continuous variables but these did not
significantly improve model fit and were therefore not used in the final model. All factors
with P<0.05 in univariate models were included in the multivariate model, with a backwards
stepwise selection algorithm employed until all covariates had a P<0.10 using the likelihood
ratio test. All statistics were performed using Stata version 13 (Statacorp, College Station,
Texas, USA).

This study included 64 eyes from 64 patients with CMV retinitis-related retinal detachment
and 192 matched control eyes from 192 patients with CMV retinitis but no retinal
detachment. Greater than 90% of patients with a retinal detachment were on antiretroviral
therapy, and the median CD4 count was 200 cells/pl (IQR 30 to 378) at the time of
detachment (mean 226 cells/ul, 95%CI 172-279). Most retinal detachments occurred
relatively soon after diagnosis of CMV retinitis (median 1.15 months, IQR 0 to 9.78; mean
8.2 months, 95%CI 4.5-11.9). Visual acuity was generally poor at the time of retinal
detachment (median logMAR 1.8, IQR 1.0-1.8 [Snellen equivalent: hand motions, IQR
20/200 to Hand Motions]; mean logMAR 1.46, 95%CI 1.32 to 1.60).

Univariate analyses indicated that at the time the retinal detachment was diagnosed, cases
with retinal detachment were more likely than controls to have CMV retinitis in the
contralateral eye (67.2% vs. 52.6%; P=0.04), decreased visual acuity (mean logMAR 1.46
vs. 0.60 [Snellen equivalent 20/600 vs. 20/80]; P<0.001), and a shorter period of time since
diagnosis of CMYV retinitis (mean 8.2 months vs. 12.9 months; P=0.045; Table 1). Patients
with retinal detachment were also more likely than controls to have received their initial
CMV retinitis diagnosis at the time of the matched visit (35.9% vs. 14.1%; P<0.001), and
therefore less likely to have started management for CMV retinitis before the time of
detachment. In multivariate analysis, only decreased visual acuity was strongly associated
with retinal detachment (OR 1.24 per line of logMAR acuity, 95%CI 1.16-1.33), although
CMV retinitis in the contralateral eye was also included in the model (OR 2.12, 95%ClI
0.92-4.90; Table 2).

Am J Ophthalmol. Author manuscript; available in PMC 2016 January 01.
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In order to assess for risk factors that might predict a subsequent retinal detachment, we
performed similar analyses using data from the initial visit at which CMV retinitis was
diagnosed. For this analysis, we excluded the 23 cases that had a retinal detachment at the
time of initial CMV retinitis diagnosis and their corresponding 69 controls, leaving 41
patients with retinal detachment and 123 controls. In univariate analyses, cases were more
likely than controls to have a larger lesion size (mean 12.8% of the total retinal surface area
was involved with retinitis, vs. 8.2%, P<0.001), more peripheral retinitis (the most anterior
border of the lesion was on average 78.1% of the total distance from the fovea to the ora
serrata, vs. 72.5%; P=0.049), a higher number of retinal lesions (mean 1.6 vs. 1.3; P=0.04),
CMV retinitis in the contralateral eye (63.4% vs. 39.8%, P=0.008), and vitreous haze
(14.6% vs. 4.9%; P=0.04; Table 1). In the multivariate analysis, only lesion size (OR 2.64
per 10% increase in lesion size measured as a percentage of the total retinal surface area,
95%CI 1.41-4.94) and retinitis in the contralateral eye (OR 2.68, 95%CI 1.18-6.08)
remained significant (Table 2).

As noted in the Figure, cases with retinal detachment tended to have more anterior disease at
the time of CMV retinitis diagnosis than did controls (46.3% of cases vs. 29.3% of controls
had disease in zone 3; OR 2.01, 95%CI 0.99 to 4.09). However, we could not demonstrate
an association between zone 3 disease and retinal detachment after adjusting for lesion size
(OR 1.54, 95%CIl 0.72 to 3.30).

Because a large number (35.9%) of cases presented with retinal detachment at the time of
initial CMV retinitis diagnosis and were therefore ineligible for treatment before the retinal
detachment occurred, we analyzed the effect of prior intravitreal injections only for the cases
who did not have a retinal detachment at their initial visit (N=41) and their matched controls
(N=123). At the time of retinal detachment or the matched control visit, there was no
significant difference in the number of prior injections between cases (mean 6, 95%CIl 4 to
9) and controls (mean 6, 95%CI 5 to 8; P=0.86). There was also no difference in the amount
of time since the most recent injection (mean 30.4 weeks [95%CI 13.7 to 47.0] for cases,
and 37.3 weeks [95%CI 23.7 to 50.9] for controls; P=0.57).

Discussion

Although most retinal detachments at this tertiary ophthalmology clinic in Thailand occurred
approximately 1 month after diagnosis of CMV retinitis, 25% were diagnosed more than 9
months after the initial CMV retinitis diagnosis, suggesting that patients in this setting
continued to be at risk for retinal detachments long after they had been diagnosed with and
treated for CMV retinitis. CMV retinitis patients with a retinal detachment were more likely
than controls to have bilateral disease and low visual acuity. At the time of initial CMV
retinitis diagnosis, larger lesion size and bilateral disease were risk factors that significantly
predicted a future retinal detachment. Neither the number of prior intravitreal injections nor
the time since the most recent injection were associated with retinal detachment.

We found that development of a retinal detachment was strongly associated with large
retinitis lesion size, a finding that has been described before.1%-23 The lesion sizes reported
here are somewhat smaller than those typically reported in previous studies. This

Am J Ophthalmol. Author manuscript; available in PMC 2016 January 01.
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discrepancy may be due to differences in the way lesion size was measured, with most prior
studies using a categorical measurement from the clinical examination to estimate lesion
size, whereas we used a continuous measure from tracings of retinal drawings. Our
methodology is analogous to using retinal photographs to assess lesion size—a technique
which has been shown to result in smaller lesion measurements compared with clinician
assessment.26

Anterior lesions may predispose to retinal detachment because the anterior retina is thinner
and more susceptible to tears, and also because it underlies the vitreous base, making it more
vulnerable to the effects of vitreoretinal traction. Other studies have found zone 3 (i.e. more
anterior) lesions to be significantly associated with retinal detachment.19: 20. 23 We expanded
upon these findings by showing in univariate analyses that having a more anterior retinitis
lesion at the time of initial CMV retinitis diagnosis was associated with subsequent retinal
detachment. However, lesion location may be confounded by lesion size because large
lesions are more likely to encompass more than one zone.2’ The association between
anterior lesion location and retinal detachment found in this study did not persist after
adjusting for lesion size, suggesting that the size of a retinitis lesion is a stronger risk factor
for retinal detachment than is anterior extent of the lesion, at least in this population.

In this study bilateral disease at the time of CMV retinitis diagnosis was a strong risk factor
for future retinal detachment. Previous studies in the United States have not found retinitis in
the contralateral eye to be an independent predictor of retinal detachment.19-23 In contrast,
our study found that an eye was at increased risk for a retinal detachment if the contralateral
eye also had CMV retinitis. In this setting with limited capacity for screening, bilateral
disease is likely a marker of the duration of untreated CMV retinitis, as well as an indication
of the amount of time that a patient has been severely immunocompromised.2’ Although we
did not find the time between diagnosis of CMV retinitis and retinal detachment to be
predictive of retinal detachment in the multivariate analysis, this variable does not capture
how long the patient had CMV retinitis prior to being diagnosed. In this Thai setting,
patients likely develop CMV retinitis several months before they present to the
ophthalmologist.19 Our finding that bilateral disease is a significant predictor of subsequent
retinal detachment suggests that advanced disease due to delayed diagnosis plays a major
role in the development of retinal detachment.

Intravitreal ganciclovir injections may prevent retinal detachments by limiting the
progression of CMV retinitis.1® However, retinal detachment is also a known complication
of intravitreal injections. 2829 It is difficult to determine whether intravitreal ganciclovir
injections were a risk factor for retinal detachment in this population since this was the only
treatment modality available to patients in the study. We did not find an association between
the number of intravitreal injections and retinal detachment nor the time since the most
recent injection, although this may be confounded by other factors such as the length of time
in treatment. The overall effect is particularly difficult to determine given the retrospective
design of this study, and could best be evaluated with a randomized controlled trial.

We found that patients had a higher CD4 count at the time of retinal detachment compared
to the time of diagnosis of CMV retinitis, suggesting a possible role of inflammation due to

Am J Ophthalmol. Author manuscript; available in PMC 2016 January 01.
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immune reconstitution. However, when we compared cases to controls we did not find either
CD4 count or HAART status to be a risk factor. Some studies carried out in the United
States found that a low CD4 count was a risk factor for retinal detachment.2L: 22 This
discrepancy is likely due to differences in the patient population. Patients in the United
States who developed CMV retinitis in the HAART era were often non-compliant, intolerant
of, or failing HAART. 4 30. 31 | contrast, almost all newly diagnosed CMV retinitis patients
in our study clinic in Thailand started HAART within 2 months prior to the diagnosis of
CMV retinitis.10 Thus, patients with CMV retinitis and a low CD4 count in our study
population were likely in the early stages of immune reconstitution, in contrast to those in
the studies carried out in the United States. Previous research has also identified HAART to
be a protective factor against CMV retinitis-related retinal detachment.23 Because almost all
cases and controls in our study were on three-drug antiretroviral therapy at the time of
diagnosis, we were underpowered to detect a difference between those who were and were
not receiving HAART. Nonetheless, HAART is clearly important for both the prevention
and treatment of CMV retinitis and improving access to HAART in resource-poor settings
should be a priority.> 32-34

This study is novel in that it reports risk factors for CMV retinitis-related retinal detachment
in a developing county setting in which almost all patients were treated with HAART and
intravitreal ganciclovir injections. Previous studies have usually been limited to patients in
the pre-HAART area treated systemically for CMV retinitis,19-21 although two studies did
contain a small number of patients with retinal detachment who were treated with
HAART.22 23 |n general, we found similar risk factors to those reported before, with the
exception that anterior lesion location was less important than lesion size, and retinitis in the
contralateral eye was found to be a strong risk factor for subsequent retinal detachment.
Large retinitis lesion size and bilateral disease are likely signs of longstanding disease,
suggesting that earlier detection of CMV retinitis could result in fewer retinal detachments
and less blindness. Routine screening would result in earlier diagnosis and treatment, which
could limit lesion growth and therefore reduce the chance of a retinal detachment.19 29. 35 |
addition, routine screening may detect patients who have signs that are concerning for a
retinal detachment, such as a retinal tear or hole. Ophthalmologists could then pursue laser
photocoagulation, which some hypothesize limits progression of a retinal detachment for
lesions that are small and inactive.36-39 Adequately screening at-risk individuals can be
challenging in resource-poor areas due to the relative lack of ophthalmologists.40: 41
Alternate methods could be explored to increase diagnostic capacity, including training
primary care providers in indirect ophthalmoscopy*? and remote diagnosis via
telemedicine.43-45

We acknowledge several limitations to this study. Besides the limitations inherent in all
retrospective studies, this study was conducted at a tertiary center and is likely subject to
referral bias. The case-control study design prevented us from determining the prevalence or
rate of retinal detachments at this clinic. We used ophthalmologist drawings to determine the
size and location of retinitis lesion sizes. Although drawings could introduce imprecision
and misclassification error, their use should not introduce bias since the drawings were
performed before the onset of retinal detachment.26 Moreover, in an attempt to reduce bias,
all retinal lesion measurements were made by an individual masked to retinal detachment

Am J Ophthalmol. Author manuscript; available in PMC 2016 January 01.
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status. Finally, although this study included a much larger number of post-HAART era
CMV retinitis-related retinal detachments than previous studies, the number was still
relatively small. We improved the statistical power of the study by including 3 controls per
case, but we may have nonetheless been underpowered to establish an association between
certain risk factors and retinal detachment.

In conclusion, in this northern Thai population larger lesion size and bilateral disease at the
time of diagnosis of CMV retinitis, both of which indicate late stage disease, were predictive
of a retinal detachment. Efforts to expand the diagnostic capacity for CMV retinitis may lead
to earlier detection and treatment, thereby reducing retinal detachments and blindness in
these patients.
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Figure. Risk of retinal detachment in patientswith the acquired immunodeficiency syndrome
(AIDS) and cytomegalovirusretinitis, stratified by most anterior zone of retinal involvement

Patients are grouped by the most anterior zone occupied by the lesion, with cases of retinal
detachment (+RD) on the left and controls without retinal detachment (-RD) on the right.
The zones represented by each pair of columns are shown in the key above the figure, with
each colored box corresponding to the color of the bar.
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Table 2

Risk factors for retinal detachment in patients with the acquired immunodeficiency syndrome (AIDS) and
cytomegalovirus retinitis: multivariate analyses

Initial CMV RetinitisVisit®  Retinal Detachment Visitb
Characteristic OR (95% CI)° OR (95% CI)°
Lesion Size, per 10% total retinal surface area 2.64 (1.41-4.94) -
CMV retinitis in contralateral eye 2.68 (1.18-6.08) 2.12 (0.92-4.90)
Decreased visual acuity (per logMAR line) - 1.24 (1.16-1.33)

CMV= cytomegalovirus; logMAR= logarithm of the minimum angle of resolution

a T . . . _ S . - .
Longitudinal analysis of the risk factors present at the time of initial CMV retinitis diagnosis that are predictive of subsequent retinal detachment;
excludes matched groups in which the case had a retinal detachment at the time of initial CMV retinitis diagnosis.

Cross-sectional analysis of the characteristics present at the time of retinal detachment diagnosis and their association with retinal detachment;
includes all matched groups.

Initial multivariate models included factors with P<0.05 in univariate analyses (bold items in Table 1); the final multivariate models shown above
were selected with a backwards stepwise algorithm.
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