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Clinical features of traumatic macular holes secondary to globe
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Abstract

Purpose. To examine the clinical features of traumatic
macular holes (TMHs) secondary to globe contusion ver-
sus those secondary to blast-related ocular trauma (BROT)
based on the review of medical records of patients visiting SI
“The Filatov Institute of Eye Diseases and Tissue Therapy
of the National Academy of Medical Sciences of Ukraine” in
2018-2025.

Material and Methods. We retrospectively reviewed the
medical records of 35 patients with TMH who underwent ex-
amination and treatment at SI “The Filatov Institute of Eye
Diseases and Tissue Therapy of the National Academy of
Medical Sciences of Ukraine” in 2018-2025. Patients were
divided into two groups based on the mechanism of trauma,
with group 1 including 18 patients (18 eyes) with TMHs sec-
ondary to a closed-globe injury (namely, globe contusion),
and group 2, 17 patients (17 eyes) with TMHs secondary to
BROT.
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Results. We found that TMHs secondary to globe contu-
sion had a smaller size and an oval shape, and may spon-
taneously close, with better functional outcomes. TMHs sec-
ondary to BROT were relatively large and round, and were
associated with isolated or multiple choroidal ruptures. The
latter TMHs, when accompanied by subfoveally located cho-
roidal ruptures, had lower visual acuity and limited improve-
ment toward closure after surgical treatment. Surgery failed
to achieve anatomical hole closure in two patients.

Conclusion. There are substantial differences in morphol-
ogy, course, and visual prognosis of surgery between TMHs
secondary to globe contusion and those secondary to BROT.
The former are characterized by a more favorable clinical
course, whereas the latter are accompanied by more severe
ocular lesions, with lower visual function and the conditions
creating a challenge in the diagnostic evaluation.

Keywords: traumatic macular hole, blast-related trauma,
globe contusion, macular hole, optical coherence tomography,
vitrectomy, sclopetaria, retina.

Pesome

Mema. Jlocnioumu KHiHIYHI 0COOIUSOCMI MPABMAMUY-
Hux pospugie maxynu (TPM) npu konmy3isx ouno2o A01yKa
ma npu MIiHHO-UOYX08Ill MPABMI OKA HA OCHOBI 36€PHEHb
nayienmie 0o Y «Ilncmumym ounux x6opob i mkaHunHol
mepanii im. B. I1. @®inamoea HAMH Ykpainuy.

Mamepian ma memoou. Ilposedeno pempocnexmug-
nutl ananiz 35 eunaoxie TPM y nayienmis, sxi npoxoou-
au oocmedxcennsi ma nikyeanns 6 JYV «lncmumym ounux
Xx60po6 i mxanunnoi mepanii im. B. I1. @inamosa HAMH
Yrpainuy. Iayienmu 6ynu posnodineni na 06i epynu 6
3anedxicHocmi 8i0 mexaumizmy mpaemu. [[o nepwioi epynu
6yno sioneceno xeopux i3 TPM, wo eunuxiu 6Hacuiook
3aKpumoi mpasmu oKa, a came KOHMY3ii 04H020 AOnyKa
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(18 oueir). /lo Opyzoi epynu exarouunu nayieumis iz TPM,
CcnpuduHeHuMu MiHHO-8ubyxogor mpasemoro (MBT) opaa-
Ha 30py (17 oueil).

Pesynomamu. Bcmanosneno, wo TPM npu xonmysii

0uH020 AONYKA XAPAKMEPUIYIOMbCA GIOHOCHO MEHUUMU
POo3MIpamu, 08ANLHOIO OPMOIO MA MONCIUBICIIO CNOH-
MAHHO20 3aKPUMMS 3 NOKPAWEHHAM 30POGUX (DYHKYIU.
Ipu MBT opeana 30py TPM maroms 8i0HOCHO binbuii pos-
Mipu, okpyeny ¢opmy, cnocmepizaiomoscs NHOOOUHOKI abo
MHOMCUHHI po3pusu cyOurHoi obonouku. Ilpu TPM ena-
cniook MBT, wo cynpogodacyromucs cybgoseonapHumu
PO3pUSAMU CYOUHHOI 0DONIOHKY, BIO3HAYEHO HUNCYT NOKA3-
HUKU 20CMPOmu 30py Mma 0omMedceHy no3umueHy OUHaAMi-
Ky Ricasa Xipypeiuno2o NiKyeauus. Y yacmunu nayienmie

Introduction

Traumatic macular hole (TMH) is a relatively rare but
clinically significant pathology which causes a significant
central vision loss and substantially affects quality of life.
In 1869, Knapp was the first to describe this condition in a
young man who had sustained an eye trauma [1]. The inci-
dence of TMHs is 1.4% in closed-globe trauma and 0.15%
in open-globe injuries [2, 3].

In peacetime, they are uncommon and usually arise
from a mixture of sports, domestic and work-related ac-
cidents. Several mechanisms of TMH formation have
been proposed for such cases. The formation is commonly
explained as follows. A sudden decrease in the anterior-
posterior diameter causes a compensatory equatorial ex-
pansion, which can lead to horizontal forces and splitting
of the retinal layers at the fovea [4].

During recent military campaigns, a change in the pat-
tern of eye trauma has been observed, with a substantial in-
crease in the incidence of blast-related trauma (BRT) and
gunshot injuries to the eye. Such injuries have a combined
mechanism involving shock wave effects, abrupt intraocu-
lar pressure (IOP) fluctuations and direct mechanical tis-
sue damage. This results in the formation of more severe
and disseminated lesions of the posterior segment, particu-
larly macular lesions. BRT is frequently accompanied by
the development of multiple ocular comorbidities such as
traumatic cataract, vitreous hemorrhage, subretinal hemor-
rhages, retinal detachment, choroidal rupture, and chorio-
retinitis sclopetaria [5]. When combined, these conditions
make the clinical picture more complicated, worsen the
functional prognosis, and create a challenge in the diagno-
sis of macular hole.

Optical coherence tomography (OCT) is the gold stan-
dard for the diagnosis of TMH and enables evaluating the
morphology and size of the tumor, the state of retinal lay-
ers and concomitant structural changes. Minimum hole di-
ameter (defined as the shortest distance across the defect)
and base diameter (defined as the widest distance at the
level of the retinal pigment epithelium (RPE)) are the two
most commonly used key parameters [6].

nicasa XipypeiuHo2o 6MpPYyYaHH AHAMOMIYHO20 3aKPUMmMs
po3pu8y docsaemu He 80an0CA.

Bucnoeku. TPM, cnpuuuneni Konmysiero ouHo2o a01yKa,
Maroms cymmesi 8ioMiHHOCmI 3a Mopghonozicto, nepebizcom
ma YHKYIOHATbHUM NPOZHO30M XIPYPIIUHO2O TIKYBAHHS
nopieusano 3 TPM, cnpuuunenumu MBT. Konmysiini ywixo-
OJICEHHS XapaKmepusylomscs 06U CNPUAMIUGUM KIIHIY-
Hum nepedicom, mooi ax MBT cynposodxcyromucs Oinviu
MAJICKUM YPAIICEHHAM OKA, HUIICHUMU NOKASHUKAMU 30pPO-
8UX QOYHKYILL MA CKIAOHTUWUMU YMOBAMU OiA2HOCMUKU.

Knwuogi cnosa: mpasmamuunuii pospue Maxyiu, MiH-
HO-8UOYX08A MPABMA, KOHNY3is OYHO20 AOIYKA, PO3PUE Ma-
KVIU, ONMUYHA KO2epenmHa momozpagis, eimpexmomis,
sclopetaria, cimkiska.

Macular holes can be classified as small (< 250 um),
medium (250-400 pm), or large (> 400 um) [7].

Morphometric indices are also used for predicting the
course of the disease. Particularly, a macular hole index
(ratio of hole height to base diameter) of > 0.5 is believed
to be associated with a favorable prognosis. The hole form
factor (the ratio between the overlying tissue dimensions
and the hole base diameter) is additionally assessed and is
also of a prognostic value.

There is no universal approach for selecting the opti-
mal TMH closure technique. Small (< 250 um) macular
holes in young patients tend to close spontaneously within
3-6 months, especially in the absence of posterior hyaloid
detachment and apparent intraretinal cysts [8-11]. Surgi-
cal treatment (often including pars plana vitrectomy (PPV)
with internal limiting membrane (ILM) peeling) is indi-
cated if the hole shows no improvement towards closure
or in the presence of ocular comorbidity [12].

Although TMHs contribute only a small percentage
to overall ocular trauma profile, the clinical significance
of this disorder is very high. The fact that most patients
are working-age adults determines not only medical but
also social and economic significance of the disease. An
increase in the incidence of severe eye trauma in wartime
necessitates an in-depth study of the features of TMHs,
particularly, the features depending on the mechanism of
damage.

The purpose of the study was to examine the clinical
features of TMHs secondary to globe contusion versus
those secondary to blast-related ocular trauma based on
the review of medical records of patients visiting SI “The
Filatov Institute of Eye Diseases and Tissue Therapy of
the National Academy of Medical Sciences of Ukraine”
in 2018-2025.

Material and Methods

We retrospectively reviewed the medical records of
patients with TMH who underwent examination and treat-
ment at SI “The Filatov Institute of Eye Diseases and Tis-
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sue Therapy of the National Academy of Medical Sciences
of Ukraine” in 2018-2025. A total of 35 patients aged 9 to
50 years (mean age, 36 = 7 years) were included. Of these,
34 (97.14%) were males and one (2.86%) was female. The
diagnosis of TMH was based on the history and ophthal-
moscopic and OCT findings. The diagnosis was made in-
traoperatively in a portion of patients with marked media
opacity or vitreous hemorrhage. Based on others defini-
tions [13], TMHs with a size of 0.1-0.2 disc diameters (3
cases, 17.64%) were defined as small, and those greater
than 0.5 DD (5 cases, 29.4 %) were defined as large.

Patients were divided into two groups based on the
mechanism of trauma, with group 1 including 18 patients
(18 eyes) with TMH secondary to globe contusion, and
group 2, 17 patients (17 eyes) with TMH secondary to
blast-related ocular trauma (BROT).

Macular hole morphology and location were evaluated
and comorbid injuries were analyzed. Best-corrected vi-
sual acuity (BCVA) was assessed at baseline and follow-
up visits.

Minimum hole diameter and base diameter were de-
termined if OCT images of adequate quality were avail-
able. Minimum hole diameter was defined as the shortest
distance across the defect and base diameter as the widest
distance at the level of the RPE. The shape of the defect
and state of the adjacent layers were also assessed.

Treatment strategy was selected taking into account the
patient’s age; mechanism of trauma; hole size, morpholol-
ogy and duration; and the presence of any comorbid inju-
ries. Patients (especially young patients) with small (< 250
pm) TMH who did not receive primary surgical treatment
were followed up for 3 months with regular OCT to evalu-
ate the possibility of spontaneous closure. The decision for
surgery in patients with moderate (250-600 pm) TMH was
made if (1) there were no signs of gradual spontaneous clo-
sure, (2) visual function was consistently low or (3) there
was comorbid pathology. Early surgical treatment was the
preferred option in patients with large (> 600 pm) TMH.
Surgical intervention included PPV with ILM peeling. The
inverted ILM flap technique was used in large macular
holes to increase the probability of anatomical closure.

This paper is part of the research program to Determine
the Features of Vitreoretinal Surgery for Macular Disease
in Wartime (registration number Ne 0125U002074) and
Advance the Restorative-and-Reconstructive Surgical
Treatment for Combat Ocular Trauma (registration num-
ber Ne 0126U001871).

Non-parametric statistical methods were applied.
Qualitative parameters are presented as numbers and per-
centages. Fischer’s exact test was used for group compari-
son. Significance was established at p < 0.05. Microsoft
Excel was used for statistical analysis.

Results

Our review of cases enabled identification of substan-
tial differences between TMHs secondary to globe contu-
sion and those secondary to BROT.

There was ophthalmoscopic and OCT evidence that the
former were commonly smaller than the latter and were
predominantly oval (Fig. 1). TMHs secondary to BROT
had more apparent morphological changes; they were
larger, round and exhibited apparent retinal cystic changes
along the edge of the hole (Fig. 2). In a portion of patients
in group 2, in was impossible to determine accurately the
dimensions of the hole preoperatively due media opacity
or vitreous hemorrhage.

Additionally, there were significant between group dif-
ferences in location of choroidal comorbidities. Choroidal
ruptures were located centrally or parafoveally in TMHs
secondary to globe contusion, and mostly subfoveally in
those secondary to BROT.

There were also substantial between group differences
in the distribution of BCVA among patients before and
treatment.

At baseline, in the group of TMHs secondary to
globe contusion, BCVA was light perception in 1 patient
(5.55%), ranged from 0.48 LogMAR to 2.3 LogMAR in
most (14/18) patients (77.78%), and was better than 0.48
LogMAR in 3/18 patients (16.67%). The number of pa-
tients with BCVA better than 0.48 LogMAR increased to
10 (55.56%), and BCVA still ranged from 0.48 LogMAR
to 2.3 LogMAR in 8 patients (44.44%) in this group after
treatment.

At baseline, in the group of TMHs secondary to BROT,
BCVA was light perception in 6 patients (35.29%), with
the BCVA of light perception being more common in this
group (35.29% versus 5.55%; p < 0.05, by Fischer’s exact
test). Additionally, BCVA ranged from 0.48 LogMAR to
2.3 LogMAR in 10 patients (58.82%), and was better than
0.48 LogMAR in only 1 patient (5.89%). Moreover, after
treatment, no substantial improvement in visual acuity was
observed, with a BCVA better than 0.48 LogMAR being
still substantially less common than in the group of TMHs
secondary to globe contusion (5.89% versus 55.56%; p <
0.01 by Fischer’s exact test), and 12 patients (70.59%) hav-
ing a BCVA ranging from 0.48 LogMAR to 2.3 LogMAR,
and 6 patients (35.29%), a BCVA of light perception.

Another substantial difference between groups was in
the frequency of ocular comorbidities. Ocular comorbidi-
ties were relatively uncommon in the group of TMHs sec-
ondary to globe contusion, with 3 patients (16.67%) hav-
ing traumatic cataract, and 4 patients (22.22%), isolated
peripapillary choroidal ruptures.

In the group of TMHs secondary to BROT, how-
ever, ocular comorbidities were relatively common, with
the most common being vitreous hemorrhage (5 cases,
29.41%), multiple choroidal ruptures (5 cases, 29.41%),
and chorioretinitis sclopetaria (5 cases, 29.41%), followed
corneal opacity (4 cases, 23.5%). Estimation of the TMH
size in patients in this group was complicated by poor vi-
sualization of the defects, with 8 cases (47%) being diag-
nosed intraoperatively.

An important difference between groups was in the
dynamics of improvement towards closure. Spontaneous
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hole closure occurred over 3 months in 3 patients (16.67%)
in the group of TMHs secondary to globe contusion, with
these holes being as small as less than 300 pm, and these
three patients being young. In such cases, over the period
of observation, there was a gradual reduction in the size of
the defect, with subsequent restoration of the anatomical
integrity of the fovea and improvement in visual function

(Fig. 3).

In the group of TMHs secondary to BROT, sponta-
neous hole closure was seen only in one patient (5.8%)
and occurred one month after the traumatic event. Over
the period of observation, most cases showed no signs of
spontaneous defect closure, thus providing an indication
for surgery. This indication was supported by the presence
of ocular comorbities such as vitreous hemorrhage, retinal
detachment and choroidal ruptures.

Fig. 1. Fundus photography (A) and OCT image (B) of the macula in a traumatic macular hole secondary to globe contusion

Fig. 2. Fundus photography (A) and OCT image (B) of the macula in a traumatic macular hole secondary blast-related ocular
trauma (base diameter, 1575 ym; minimum hole diameter, 905 um)

Fig. 3. OCT images showing spontaneous closure of a traumatic macular hole in a patient with globe contusion from a soccer
ball at admission (A; BCVA was 6/20 and base diameter, 306 pm), day 3 (B; BCVA was 6/20) and day 10 after a traumatic

event (C; BCVA was 6/12).

Fig. 4. OCT image of the macula in a patient with macular hole secondary to blast-related ocular trauma which failed to close

after vitrectomy with inverted flap
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Fig. 5. Post-operative OCT images of a traumatic macular hole secondary to globe contusion, with a central retinal thickness
of 276 pm (A) and that secondary to blast-related ocular trauma, with a central retinal thickness of 190 ym (B)

After treatment, the percentage of patients having a
BCVA better than 0.48 LogMAR in the group of TMHs
secondary to globe contusion increased from 16.67 % to
55.56 %, indicating a substantial functional improvement.

In the group of TMHs secondary to BROT, post-treat-
ment functional improvement was less substantial, with 12
patients (70.59%) having a BCVA ranging from 0.48 Log-
MAR to 2.3 LogMAR, and 4 patients (23.52%), a BCVA
of light perception. Additionally, surgery failed to achieve
anatomical hole closure in two patients (12.5%) (Fig. 4).

Discussion

Our retrospective review indicated that the clinical
course of TMH largely depended on the mechanism of
trauma. Patients with TMH secondary to globe contu-
sion had a relatively favorable course, whereas those with
TMH secondary to BROT exhibited more severe macular
lesions and worse functional treatment outcomes.

A possible spontaneous hole closure is a feature of
TMHs. Spontaneous hole closure most commonly occurs
in young patients with a small TMH within several months
after surgery [5, 6, 9, 10, 14]. In the current study, spon-
taneous closure was found mostly in patients with TMH
secondary to globe contusion, which confirms the appro-
priateness of observation over a short period in specific
clinical situations.

BROT was accompanied by more apparent structural
abnormalities in the posterior segment of the eye than con-
tusion-related trauma. This study found that a larger hole
size, the association with choroidal ruptures and a high fre-
quency of vitreoretinal comorbidities were characteristic
for TMH secondary to globe contusion. This is associated
with the fact that a combination of both a shock wave and
abrupt IOP fluctuations cause deeper vitreoretinal lesions
than isolated globe contusion [15].

Therefore, the findings of this study confirm that TMH
secondary to globe contusion and that secondary to BROT
are the two different clinical pathogenetic conditions.
This necessitates a differential approach to the diagnostic
evaluation, selection of treatment strategy and prediction
of functional outcomes depending on the mechanism of
trauma.

Macular holes have been found in 20.8% of patients
with chorioretinitis sclopetaria secondary to BROT [5].
Given that chorioretinal morphological OCT features in
chorioretinitis sclopetaria secondary to BROT (but not in
traumatic choroidal rupture secondary to globe contusion)
include generalized subretinal fibrosis with apparent ad-
herence of the edges of the TMH to the underlying RPE,
even relatively small TMHs either have poor prognosis for
closure or their closure is associated with low functional
outcome.

Even after anatomically successful surgery with hole
closure, visual function in patients with BROT were lower
due to retinal alterations and thinning of the photoreceptor
layer (Fig. 5). Therefore, patients with BROT had worse
functional outcomes not only due to the morphological
features of macular holes, but also due to the complex na-
ture of ocular tissue lesions.

Hence, the findings of this study confirm that TMH
secondary to globe contusion and that secondary to BROT
are the two different clinical pathogenetic conditions.
This necessitates a differential approach to the diagnostic
evaluation, selection of treatment strategy and prediction
of functional outcomes depending on the mechanism of
trauma.

Conclusion

Substantial clinical and morphological differences be-
tween TMHs secondary to globe contusion and those sec-
ondary to BROT determine the course and prognosis of
these TMHs.

The former are commonly smaller than the latter and
predominantly oval and may spontaneously close, with
better functional outcomes.

TMHs secondary to BROT are relatively large and
round, which causes a significant central vision loss.

Visual function is significantly worse in these TMHs
compared to those secondary to globe contusion, which is
due to deeper macular lesions and limited potential for the
recovery of macular anatomy. A differential approach to
the diagnostic evaluation of TMH secondary to BROT is
required because this evaluation is more difficult.
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