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Abstract

Open globe injury (OGI) is defined as a full-
thickness defect of the cornea or sclera. 
Depending on the severity of the trauma, the 
involvement of vitreoretinal lesion varies, and 
examination may be difficult. Therefore, to 
better understand the patient’s severity before 
surgery, various examination methods such as 
computed tomography, B-scan ultrasonogra-
phy, gonioscopy, and anterior segment optical 
coherence tomography should be appropri-
ately used. In most cases of OGI, the primary 
suture is performed immediately after the 
trauma, and the secondary surgery is planned. 
In this chapter, we reviewed the retinal detach-
ment, choroidal detachment, and cyclodialysis 
that could accompany open globe injury and 
summarized the diagnosis, treatment and post-
operative complications.
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7.1	 �Introduction

Ocular trauma causing open globe injury (OGI) 
is an important cause of vision loss, and more 
than 200,000 OGI occur worldwide every year 
[1]. In OGI, vitreoretinal involvement causes 
significant vision loss or blindness. However, 
depending on the severity of the trauma, the 
examination may be difficult, especially pre-
dicting hidden wounds. Therefore, in this chap-
ter, among the various event that may 
accompany OGI, we will discuss particularly 
retinal detachment (RD), choroidal detachment, 
and cyclodialysis.

7.2	 �Definition

According to the Birmingham Eye Trauma 
Terminology (BETT) criteria [2], an OGI is 
defined as a full-thickness defect of the cornea or 
sclera. According to the injury mechanism, the 
OGI is divided into ruptures or lacerations: rup-
tures are caused by blunt objects and lacerations 
are caused by sharp ones. Lacerations are further 
subdivided into penetrating injury, intraocular 
foreign body (IOFB) injury, and perforating 
injury. A penetrating injury has only an entrance 
wound, an IOFB injury has an entrance wound 
and a retained IOFB, and a perforating injury has 
an entrance and an exit wound. According to the 
location relative to the limbus, injuries are 
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divided into three zones: a zone I injury is iso-
lated to the cornea (including the limbus), a zone 
II injury involves the sclera no more than 5 mm 
posterior to the limbus, and a zone III injury 
involves the sclera more than 5 mm posterior to 
the limbus [3].

Severe globe rupture caused incarcerated ret-
ina to the lesion site. The residual retina was 
detached and funnel-like detachment will result 
in poor visual acuity and severe proliferative vit-
reoretinopathy (PVR). Retinal dialysis is the 
most common cause of traumatic RD.  Retinal 
tears are the second-most common predisposing 
lesion, responsible for about 20% of the trau-
matic RD [4].

A cyclodialysis cleft is the most common 
complication in closed globe injuries, with an 
incidence of 1–11% [5]; it occasionally occurs in 
open globe injuries and iatrogenic injuries. A 
cyclodialysis is the disinsertion of the longitudi-
nal ciliary muscle fibers from the scleral spur 
resulting in a cleft [6]. One of the consequences 
of cyclodialysis is the opening of communication 
between the anterior chamber and the supracho-
roidal space. Then, ocular hypotony occurs, 
which is accompanied by choroidal detachment 
and chorioretinal folds, which affect the macula 
and cause visual loss [7].

A choroidal detachments are rare conditions 
that occur when there is an accumulation of fluid 
or blood in the suprachoroidal layer, located 
between the choroid and sclera [8]. The patho-
genesis of traumatic ciliochoroidal detachment is 
an increase in the permeability of the ciliary ves-
sels after blunt injury, leading to extravascular 
leakage of the plasma components [9].

7.3	 �Case

A 43-year-old male visited the emergency room 
because of a traumatic right eye injury by a metal 
hook. The initial best-corrected visual acuity 
(BCVA) was hand motion (HM) in the right eye 
and 20/50 in the left eye. Slit-lamp examination 
showed that scleral laceration of about 1 cm or 
more in length and uveal and vitreous tissues pro-

lapsed from the lesion site. The anterior chamber 
was collapsed, and iris defect was accompanied 
from 12 to 3 o’clock (Fig. 7.1). Since fundus was 
not visible, B-scan ultrasonography and com-
puted tomography (CT) were additionally per-
formed (Figs.  7.2 and 7.3). B-scan and CT 
showed hemorrhagic choroidal detachment and 
no IOFB.

Under the diagnosis of scleral laceration with 
iridodialysis and suprachoroidal hemorrhage, the 
patient had an emergency operation. After uveal 
reposition, the scleral wound was sutured with 
8-0 ethilon, and the anterior chamber was irri-

Fig. 7.1  Slit-lamp photograph of the right eye. Scleral 
laceration with prolapse of vitreous and uveal tissue on 
the nasal side of the eye

Fig. 7.2  B-scan ultrasonography showed hyperecho-
genic lesions in the suprachoroidal space, indicating hem-
orrhagic choroidal detachment
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gated with antibiotics, including vancomycin and 
ceftazidime.

At 1 month after the surgery, though supra-
choroidal hemorrhage disappeared on the B-scan, 
the fundus was not observed due to traumatic 
cataract, and visual acuity was HM (Fig.  7.4). 
The second operation of cataract surgery was 
completed by putting the intraocular lens in the 
bag with normal fundus findings. One month 

after the second surgery, BCVA was 20/100  in 
the right eye.

7.4	 �Important Signs, 
Examinations, Diagnosis, 
Surgical Procedures, and 
Postoperative Treatment 
for Complications

Due to the severe pain, clinical examination of 
traumatic injuries is more difficult than other dis-
eases. The factors that make the posterior seg-
ment examination difficult are as follows: anterior 
segment injury, including hyphema, corneal 
edema, or opacification, and posterior segment 
pathology, including vitreous hemorrhage.

7.4.1	 Important signs

The OGI is accompanied by many signs, includ-
ing hyphema, which is the most common sign on 
admission (76.7%), iris prolapse (57.9%), vitre-
ous hemorrhage (52.2%), laceration on the eyelid 
and/or eyebrow (34%), and retinal detachment 
(29.6%) [10]. Hongsheng et al. reported that 
among the patients with rupture injuries, 17.3% 
had a ciliary injury, 62.7% had choroidal injuries, 
and ciliary and choroidal injuries were both 
detected in 20% of patients[11].

Fig. 7.3  Axial computed tomography of paranasal 
sinuses. Hyperdense lesions involving the periphery of 
the right orbit, but with sparing the posterior third on the 
axial image

Fig. 7.4  Slit-lamp photograph and B-scan ultrasonography image 1 month after surgery. Traumatic cataract and iris 
defects are seen on a slit-lamp examination, and posterior vitreous detachment is confirmed by B-scan
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7.4.2	 Examination and Diagnosis

7.4.2.1	 �Slit-Lamp Examination
When patients with trauma visit, the slit-lamp 
examination is performed first. At this time, dam-
age to the vitreoretinal area should be suspected 
if there are signs such as severe hemorrhagic che-
mosis, shallow anterior chamber, prolapsed uvea 
and vitreous, and eccentric pupil.

7.4.2.2	 �Computed Tomography
The CT scan should be performed to determine 
the IOFB and occult OGI.  In case of traumatic 
ocular injury, the findings that can be observed on 
CT are as follows: change in globe contour, vol-
ume loss, intraocular air, change in anterior 
chamber depth, dislocated or absent lens, vitre-
ous hemorrhage, and retinal or choroidal detach-
ment [12].

Ora serrata is an inferred reference point in 
distinguishing between RD and choroidal 
detachment on imaging. On the axial plane, ora 
serrata is located at the 2 and 10 o’clock position 
of the globe immediately posterior to the ciliary 
bodies [13].

RD with bilateral V-shaped leaflets converging 
towards the optic disc. Importantly the anterior 
margin of the leaflets does not extend beyond the 
ora serrata reference point at the 2 and 10 o’clock 
position. However, choroidal detachment with 
convex lens shape leaflets anteriorly extending 
beyond the ora serrata reference point and posteri-
orly limited by insertions of the vortex veins [14].

7.4.2.3	 �B-Scan Ultrasonography
B-scan ultrasonography is an important diagnos-
tic tool for providing information on diagnosis 
and prognosis in OGI. In particular, RD and cho-
roidal detachment are mainly diagnosed by 
B-scan ultrasonography when the funduscopic 
examination is not possible due to hemorrhage. 
In OGI, the first b-scan is performed the day after 
primary closure of the globe due to ocular insta-
bility. However, most retinal detachments (53%) 
were not diagnosed until a week after the trauma. 
Considering the delayed occurrence of RD, care-
ful follow-up is necessary after the primary clo-
sure of the OGI [15].

In partial detachment, thin and mobile linear 
echogenic membrane is observed and usually 
extends to the optic nerve head, but not across it. 
In the case of total RD, it is observed in the vitre-
ous cavity in a “V” shape because the retina is 
attached to the ora serrata anteriorly and the optic 
nerve head posteriorly. On the other hand, thick 
and rigid echogenic bands are observed in the 
choroidal detachment and protrude convexly into 
the vitreous. These end at the level of the exit 
foramina of the vortex veins and do not extend to 
the optic disc [16] (Fig. 7.5).

7.4.2.4	 �Gonioscopy, Ultrasound 
Biomicroscopy and Anterior 
Segment Optical Coherence 
Tomography

A slit lamp gonioscopy is useful in cases with 
clear media. However, cyclodialysis clefts are 
often missed gonioscopically for various reasons 
such as hyphema, iris bowing, extreme hypotony, 
distorted anatomy or Descemet’s folds [17, 18]. 
Ultrasound biomicroscopy (UBM) has been 
described in these situations as supplementing 
gonioscopic findings. UBM is a noninvasive 
method that uses high-frequency (50–60  MHz) 
transducers to image anterior segment structures 
[19] (Fig. 7.6).

However, since UBM also requires an anes-
thetic gel and needs to be in contact with the 
patient’s eyes, it is difficult to use immediately 

Fig. 7.5  Choroidal detachment with retinal detachment 
in B-scan ultrasonography. By courtesy of professor Hua 
Yan from Tianjin Medical University, China
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after OGI. Therefore, in open injuries, anterior 
segment optical coherence tomography 
(AS-OCT) can be usefully used in that contact 
is not required. AS-OCT provided high-resolu-
tion images of iridocorneal angle abnormalities 
in the presence of abnormal anterior segment 
anatomy [20].

7.4.3	 �Treatment

Multiple operations are required for patients with 
OGI. In the open-wound state, the eye is soft, and 
the intraocular tissues are mostly prolapsed. 
Therefore, first, primary suture and intraocular 
tissue reposition are required. The prolapsed iris 
and choroid should be repositioned after com-
plete irrigation, and the prolapsed vitreous body 
can be removed.

The second surgery is usually planned accord-
ing to the condition of the eye after the first 
emergency surgery. Because the OGI is charac-
terized as a multiple damaged state, meticulous 
and thorough examinations at each step are 
required to plan the most effective and the least 
invasive surgery.

7.4.3.1	 �Treatment for Retinal 
Detachment and Choroidal 
Detachment

In most cases, patients with OGI underwent pri-
mary closure immediately. However, the timing 
of vitreoretinal intervention is varied. In addition, 

the type of vitreoretinal intervention varies 
depending on the condition of the eye. Several 
authors report early vitreoretinal intervention to 
be performed between 3 and 14 days after OGI 
[21–26]. In animal study, posterior vitreous 
detachment occurred at 1–2 weeks after injury, 
and retinal detachment occurred between 7 and 11 
weeks [27]. In a histological study, PVR forma-
tion was found between 1 and 2 weeks after severe 
penetrating trauma in eyes with an RD [28]. 
Therefore early vitreoretinal intervention reduces 
the risk of the formation of extensive PVR

7.4.3.2	 �Cyclodialysis Treatment
Cyclodialysis in small sizes can be treated with 
medical management such as 1% atropine or 
laser photocoagulation. If medical or laser treat-
ment does not respond, several surgical treat-
ments can be considered: transscleral diathermy, 
cryotherapy, and direct cyclopexy [17]. The prin-
ciple of surgical repair includes the obliteration 
of the cyclodialysis space and apposition between 
the sclera and the wall of the ciliary body [29].

Recently, several reports have proposed alter-
native novel techniques. Portney and Purcell pro-
posed the idea of anterior buckling using a 
silicone rod under a partial thickness scleral flap 
[30]. Meanwhile, methods of using a capsular 
tension ring (CTR) or haptics of large IOLs for 
internal apposition (internal cerclage) of the cili-
ary body to sclera have been reported [31–33].

7.4.4	 �Postoperative Treatment 
for Complication

There are several postoperative complications of 
OGI repair. The delayed presentation was an 
important risk factor for endophthalmitis, micro-
bial keratitis and postoperative wound leak [34]. 
Possible complications can be divided according 
to the anatomical wound position. Traumatic cat-
aracts and corneal scarring were the most preva-
lent vision-limiting complications in patients 
with zone I (cornea-only) lacerations. The most 
common vision-limiting factors in eyes with 
zones II and III lacerations (involving sclera) 
were cataracts and RD detachments [35].

Fig. 7.6  A cyclodialysis cleft confirmed by ultrasound 
biomicroscopy. Expansion of suprachoroidal space due to 
detachment of the ciliary body. By courtesy of professor 
Hua Yan from Tianjin Medical University, China
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Several studies reported complications fol-
lowing vitreoretinal surgery for traumatic 
RD. Surgery mostly accompanies cataracts in the 
phakic eyes [36–38]. Secondary glaucoma was 
also a significant complication and, in some 
cases, required surgical intervention [39, 40]. 
Patients developed phthisis bulbi, with up to 30% 
of patients experiencing this complication in cer-
tain studies [36, 39, 41–43]. PVR was a signifi-
cant finding postoperatively, as it was found in up 
to 56% of patients [40–43].

Very high IOP may follow after successful 
cyclodialysis cleft surgery. In most cases, the IOP 
can be controlled through medical treatment, and 
long-term treatment is not usually required if 
glaucoma has not been present [29].
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