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Abstract

Objective We conducted a systematic review to evaluate the outcome of macular hole (MH) treatment in eyes with uveitis.
Data source We searched PubMed and Embase databases from inception through August 15, 2021.

Study selection We included eyes with MHs secondary to uveitis that were managed medically or underwent pars plana
vitrectomy (PPV). We excluded eyes with idiopathic MH and those secondary to causes other than uveitis.

Results Of 27 articles, we identified 86 eyes with MH secondary to uveitis that received either conservative medical treat-
ment alone or PPV with adequate follow-up. The mean (+ SD) age of patients included in this review was 46.6 (+ 16.8) years;
60.5% were males. The most common etiology of uveitis was Behget’s disease (34.6%) and toxoplasmosis (19.7%). The most
common anatomical location of uveitis was posterior (59.3%) followed by panuveitis (35.2%). The mean (£ SD) baseline
LogMAR vision was 1.1 (+0.5). Conservative medical treatment was employed in 34.9%, while PPV was performed in
65.1% of eyes. Overall, the mean (SD) LogMAR vision improved from 1.1 ( 0.5) at baseline to 0.7 (£ 0.5) after treatment.
Inflammation-related MHs were closed in 40% of eyes after conservative therapy and in 87.5% of eyes after PPV. Visual
improvement occurred in most eyes (83.9%) that had successful closure of their MH.

Conclusions Visual improvement occurs in most eyes that had successful closure of their inflammation-related MH. Con-
servative medical control of uveitis may lead to closure of inflammation-related MHs and is an important step prior to surgery,
if required. Surgical intervention for inflammation-related MHs is associated with good functional and anatomical results.
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Key messages

® Inflammation-related macular hole are associated with less favorable functional and anatomical results compared to
idiopathic MHs.

® Conservative medical control of uveitis should be attempted at first as it may lead to closure of inflammatory
MHs, and is required in most cases if surgery is contemplated.

® Pars plana vitrectomy is associated with good results in inflammatory MHs.

@ New surgical techniques may improve the success rate of PPV for inflammatory MHs.

The aim of this topical collection is to provide up-to-date
information about macular holes (MHs), discuss novel techniques
used to enhance the closure rates of MHs, and describe various
approaches for management of challenging cases
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Introduction

Uveitis is an inflammatory condition of the uveal tract
that arises due to infectious or noninfectious disease pro-
cesses and can cause devastating visual loss. The disease
prevalence is relatively low at 58—115 per 100,000 people;
however, uveitis is the cause of 15% of blindness among
young, working-age adults in the USA, and 19% of those
with uveitis are estimated to develop permanent visual
loss [1, 2]. Even mild uveitis involving the anterior uvea
may result in pathological changes in the retina and vitre-
ous. Eyes that develop uveitis-related vitreous hemorrhage,
cystoid macular edema (CME), macular holes (MHs), and
epiretinal membranes (ERMs) are especially susceptible to
irreversible visual deficits [1, 3].

Initial therapy for uveitis involving the posterior segment
involves periocular corticosteroid injections as well as oral
corticosteroids. Resistant inflammation is addressed with
systemic immunomodulatory therapies and/or sustained
intravitreal steroid therapy [4]. Medical therapy to control
uveitis is an important step before surgical interference to
fix MHs which was shown to be associated with MH closure
in a small case series [5].

Currently, pars plana vitrectomy (PPV) is performed for
both diagnostic and therapeutic indications including vitre-
ous biopsies, removal of significant media opacity, treatment
of intractable macular edema, and other structural compli-
cations such as treatment of rhegmatogenous and tractional
retinal detachments [6]. The literature provides conflicting
evidence regarding PPV for MHs in uveitic eyes. Assimila-
tion of data from case reports, case series, and retrospective
reviews in recent literature suggest inconsistent visual out-
comes making it challenging to conclude whether the poten-
tial gain in visual acuity is worth the surgical risk and the
cost of surgery [3, 7, 8]. In this review, we aim to evaluate
the current literature on the outcome of conservative medical
treatment and PPV in inflammation-related MHs.

Epidemiology and pathogenesis
of inflammation-related macular holes

A MH is a defect in the neurosensory retina that is most
commonly idiopathic but may also occur as a result of
trauma or due to uveitis [9]. Inflammation-related MHs
tend to affect those in the third and fourth decades of life
compared with idiopathic MHs, which occur in the sixth to
seventh decades of life [3, 6]. Macular hole is a rare compli-
cation of uveitis [2, 3, 10, 11]; a recent review estimated a
2.5% prevalence of MH in uveitic eyes [12].

The pathogenesis of MHs in uveitis is still unclear,
but certain mechanisms have been suggested. Inflamma-
tory involvement of the macula may cause localized tissue
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necrosis and degeneration of the inner retinal layers, leading
to MH formation [2]. Persistent hyaloid membrane traction,
chronic or recurrent CME, ERM, and vitreomacular traction
(VMT) may also play arole [2, 5, 7]. The ongoing inflamma-
tion and vitritis may cause vitreal adhesion and contraction,
generating another form of tractional forces on the macula
[1, 3, 13]. Mizuno et al. described a case of acute inflam-
mation in a Vogt-Koyanagi-Harada (VKH) patient causing
posterior vitreous detachment and severe VMT leading to
MH formation. The authors postulated that inflammation-
related MH can occur when chronic inflammation causes
RPE migration along the retina, eventually contracting and
creating traction on the macula [13].

Methods

We conducted this review following the methodology
guidelines of the Preferred Reporting Items for Systematic
reviews and Meta-Analyses extension for Scoping Reviews,
in order to summarize findings from the heterogeneous data
available regarding inflammation-related MHs [14]. The pri-
mary outcome of the review was to evaluate the visual and
anatomical results of conservative and surgical treatment of
inflammation-related MHs.

Search methods

We used PubMed and EMBASE scholar databases to search
for the relevant studies. We used various combinations of
the following search keywords: macular hole, uveitis, panu-
veitis, vitritis, retinitis, choroiditis, chorioretinitis, retino-
choroiditis, inflammation, and vitrectomy. The latest search
was conducted on August 15, 2021. We selected studies that
were published in peer-reviewed journals and in English.
Additional studies were included from the reference list of
the eligible studies. We did not apply restrictions regarding
publication status.

Inclusion and exclusion criteria

We selected studies that provided data on MH that occurred
in the context of uveitis, and either underwent PPV or had
uveitis control with adequate follow-up of the status of the
MH following treatment. Due to the scarcity of data avail-
able, we included case series and case reports. We excluded
studies on primary MHs, as well as those secondary to
causes other than uveitis, and MH associated with retinal
detachment. We also excluded studies that described MH as
a complication of uveitis without focusing on the status and
follow-up of the MH after treatment. Finally, we included
additional selected papers to provide a brief narrative
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overview of the epidemiology, pathogenesis, and experts’
opinions on this topic.

Data extraction

We reviewed eligible studies and extracted data regarding
age, sex, etiology and anatomical location of uveitis, size
of MH, baseline and post-treatment visual acuity (VA),
duration of uveitis control prior to performing PPV, and the
status of the MH following treatment. Data extraction and
filtering were performed by two independent (MS and DT)
reviewers. Disagreements among the reviewers were solved
through discussion to reach a consensus. We converted vis-
ual acuity values to the Logarithm of the Minimum Angle
of Resolution (LogMAR) values for the purpose of analysis.
We conducted a narrative synthesis of the results included
in this review.

Results
We found a total of 7631 studies that were filtered down to

27 eligible studies based on our preset eligibility criteria
(Fig. 1). These included 17 case reports and 10 case series;

we only included eyes that fulfilled our inclusion criteria in
each case series. The latter studies were composed of 86 eyes
with inflammation-related MH. The mean (= standard devia-
tion [SD]) age of patients included in this review was 46.6
(£ 16.8) years (range, 11 to 80 years); 60.5% were males.
The most common etiology of uveitis was Behcet’s disease
(34.6%; 28 eyes), followed by toxoplasmosis (19.7%;16
eyes), idiopathic (9.9%; 8 eyes), VKH (6.2%; 5 eyes), and
viral retinitis (6.2%; 5 eyes). The remaining 23.4% of eyes
had other etiologies that are listed in Tables 1 and 2.[15-25]
The most common anatomical location of uveitis was pos-
terior (59.3%; 32 eyes), followed by panuveitis (35.2%;
19 eyes), anterior uveitis (7.4%; 4 eyes), and intermediate
uveitis (5.5%; 3 eyes). The mean (+ SD) baseline LogMAR
vision was 1.1 (+0.5). The size of MH was not reported in
57% of eyes included in this review. In the remaining eyes,
it was not possible to determine the mean minimal or basal
diameter of MHs due to great heterogeneity in reporting
different dimensions of the MH.

Conservative medical treatment alone for MH was
adopted in 34.9% (n=30) of eyes, while PPV was per-
formed in 65.1% (n=>56) eyes. Surgical intervention was
conducted after control of uveitis in nearly all eyes except a
small number where inflammation was still active (Tables 1

Fig.1 A flowchart showing the
filtration process that was used
for selection of the included
studies

7631 citations were extracted
using the search parameters

926 duplicate citations

A 4

removed

6705 articles for full screening

6557 citations removed

v

through screening title
and abstract

148 articles for full screening

121 citations did not fit

v

the review inclusion
criteria

27 articles for full screening
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and 2). Overall, the mean (+ SD) LogMAR vision improved
from 1.1 (£0.5) at baseline to 0.7 (£ 0.5) after treatment.
The mean (+SD) LogMAR visual improvement after con-
servative and PPV treatment was 0.3 (+0.6) and 0.5 (+0.5),
respectively. Overall, inflammation-related MHs were closed
in 70.9% of eyes. Forty percent of MHs closed after conserv-
ative treatment, and 87.5% were closed after PPV. Visual
improvement occurred in most eyes (83.9%) that had suc-
cessful closure of their MH. Eighty percent of MHs that
failed to close after treatment were secondary to Behget’s
disease. The mean (+ SD) duration for MH closure after
medical therapy was 4 (+3.3) months.

Discussion

We performed a systematic review of the literature to ana-
lyze the available data on the clinical characteristics and
treatment outcomes of inflammatory MHs. We extracted
data from 84 eyes with inflammation-related MHs from
27 studies. We found that medical control of uveitis alone
may lead to closure of inflammation-related MHs in 40%
of cases and that surgical intervention is associated with
anatomical closure in approximately 90% of cases, and is
worth attempting.

Prior reports have demonstrated closure of inflammation-
related MHs and visual recovery with conservative medical
treatment alone. Ucar et al. described a case of full-thickness
macular hole (FTMH) resolution with improved VA after
the administration of oral corticosteroids and subcutane-
ous interferon-alfa2b in a patient with uveitis secondary to
Behget’s disease [26]. Additional evidence from small ret-
rospective case series showed that control of ocular inflam-
mation led to closure of MH and improvement in VA [5,
27, 28]. Visual improvement is often attributed to both con-
trol of inflammation and closure of the MH. Although MH
closure may occur following medical treatment in 40% of
cases as demonstrated in this review, chronic holes which
are large in diameter may require surgical intervention [5,
9]. We found that data regarding the size of the MH was not

available for most eyes that were treated medically; however,
the majority of eyes that demonstrated successful closure
appeared to be of a small to medium size.

The optimal surgical technique is yet to be established
as treatment outcomes are often unpredictable [2, 11, 29,
30]. Despite inconsistent visual acuity outcomes with surgi-
cal intervention for inflammation-related MHs compared to
idiopathic holes, the majority of eyes in this review demon-
strated successful closure of the MHs following PPV with
corresponding visual improvement [2, 11, 31, 32]. Lower
anatomical and functional success rates compared with
idiopathic MH may be due to retinal atrophy, CME, and
chorioretinal ischemia that may occur secondary to chronic
inflammation [3]. It is of note that, MHs that develop sec-
ondary to vitreous inflammation with subsequent vitreoreti-
nal traction may be associated with a better chance of clo-
sure than those due to retinal ischemia and atrophy [29, 33,
34]. Perhaps, this is may be the reason that Behget’s disease
was the most frequent cause of persistent MH after treat-
ment. Newer surgical techniques may improve the success
rate of PPV for inflammation-related MHs. The “inverted
flap technique” has been used for large macular holes and
entails incomplete ILM peeling, keeping part of the ILM
attached to the macular hole edge with a flap repositioned
to cover the hole cavity [9]. Several case reports, as well as a
case series, have suggested using an inverted ILM flap tech-
nique citing both improved closure rates of up to 100% and
improved postoperative VA in MHs with a diameter greater
than 400 pm [35]. The ILM acts as a scaffold for Muller
cell growth and stimulates gliosis [9, 35]. Hirano et al.
reported edge approximation in inflammation-related MH
as early as 6 h postoperatively per optical coherence tomog-
raphy (OCT) images, with complete closure by 6 months
using ILM flaps. However, the repair did not correlate with
improved VA [36]. Sen et al. reported successful closure of
an inflammation-related MH with visual improvement using
this surgical technique. In case the ILM flap is not attempted,
it is important to make sure that ILM is completely removed
from the edges of the hole to relieve all traction around the
hole. Figure 2 shows successful closure of MH following

Fig.2 Optical coherence tomography (OCT) scans of the retina of
right eye of a patient with posterior uveitis secondary to Behget’s dis-
ease; (A) the OCT scan shows full thickness macular hole; (B) shows

@ Springer

closure of the MH after pars plana vitrectomy with internal limiting
membrane peeling and gas tamponade
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PPV in an eye with posterior uveitis secondary to Behget’s
disease.

In the context of uveitis, MH is commonly associated
with ERM and CME. Optimal results may be linked to good
pre-operative inflammatory control and is mostly encoun-
tered in eyes without severe, preexisting macular damage.
To achieve the best outcomes, it is prudent to determine
if the associated pathology is primarily responsible for the
visual compromise. In case of coexisting CME, treatment of
CME should be attempted first. If the vision remains com-
promised, then it is plausible to consider PPV. It is impor-
tant to note that ERM in uveitic eyes may be adherent to
the retina; thus, caution should be entertained when peeling
these membranes. Also, many of these patients are young
with absent PVD, unlike primary ERM.

Because vitrectomy has a proinflammatory effect, it is
considered preferable to operate on an eye with no evidence
of active inflammation, ideally for at least 3 months prior to
surgery [7]. However, preoperative control of inflammation
was not always achieved in all studied cases [13, 37, 38]. We
find the use of intraoperative dexamethasone implant at the
time of PPV surgery to be a feasible option for tightening
the perioperative control of intraocular inflammation and
counteract postoperative inflammation and macular thicken-
ing that may occur [39].

Lack of coherent methodology in reporting the data
investigated by this review is a shortcoming identified by
previous authors, but not yet addressed [6]. Most studies
examining macular pathology in uveitis still involve var-
ied uveitic etiologies and anatomic locations as well as
included a small number of eyes. In addition, the impact
of progressive cataract formation on long-term vision was
not available except in few studies [2, 22]. There is also
inconsistent reporting of pertinent details, including ocu-
lar inflammation metrics such as vitreous cells and haze
scores, and OCT changes in macular structure before and
after surgery. In addition, there is a risk of publication bias
that applies to case reports and small series which tend
to report more frequently on positive outcomes. Future
studies should aim to address those shortcomings to better
assess the outcome of medical and surgical management
of inflammation-related MH.

Conclusions

Conservative treatment with corticosteroids and immu-
nomodulatory therapy is widely accepted initial manage-
ment as it avoids surgical risk and is necessary to control
intraocular inflammation preoperatively. Although there is
insufficient data on visual and anatomical outcomes of PPV
for inflammation-related MH, taking the available data into

account, we conclude that current literature provides some
evidence to support intervention with PPV for MHs that do
not resolve with pharmacologic control of uveitis.
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