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Abstract

Purpose: Urgent penetrating keratoplasty by traumatic corneal 
perforations is for try to restore the anatomical integrity of the 
globe, as well it is to save a vision as much as possible.

Methods: A retrospective review of patients with open cor-
neal injuries was performed in 48 patients (48 eyes) from January 
1, 2009 to December 31, 2013 at the International Center of Eye 
Diseases, Ashgabat, Turkmenistan which carried out various types 
of surgical techniques with the use of a new trepan. Each patient 
are depending of trephination technique’s. These patients divided 
into the following groups: Group I – urgent penetrating keratoplasty 
with complete removal of the affected area of the cornea, Group II 
– urgent penetrating keratoplasty with removal of only the central 
part of the cornea, Group III – urgent penetrating keratoplasty with 
reconstruction of the eye’s anterior segment or “triple procedure” 
through by perforated soft contact lens.

Results: In group I, condition of transplant was on the top 
among 19 patients. Graft transparency have been observed in 16, 
semi-transparency among 1 patient and hazy among 2. In group 
II, among 16 patients, clear graft was seen in 9, irreversible in 5 
and opacification in 2 patients. The worst results marked in group 
III, where 5 patients among 13 patients had clear transplant ant, 
other 3 had semi-transparency, another 5 patients were not clear. 
(failed test) Optical results were correspondent to biological ones: 
the best results reported in I-group among 19 patients with visual 
acuity up to 0.4–0.7 in 7 patients, in the II-group among 16 patients 
the highest vision to 0.4–0.7 observed in 1 patients and III-group 
among 13 patients – 0.4–0.7 also 1 patient.

Conclusion: Studies have showed efficiency of trepanation tech-
nique with use of a new trepan for penetrating keratoplasty by 
traumatic corneal perforations. The effectiveness of the operation 
depends on the preoperational condition of the eye (the shape and 
size of the wound, time elapsed after injury).

Keywords traumatic corneal perforations, urgent penetrating 
keratoplasty, trepanation technique, new trephineIntroduction

Worldwide, ocular trauma is an important public health 
problem which is preventable by its etiology and severity. Out-
come depends on factors in the changing environment [1]. It is 
estimated that, there are approximately 1.6 million people blind 
from eye injuries, 2.3 million bilaterally visually impaired and 
19 million with unilateral visual loss; these facts make ocular 
trauma the most common cause of unilateral blindness [2]. The 
incidence rates of ocular trauma requiring hospitalization are 
reported to be 8.1 per 100 000 persons per year in Scotland 
[3], 12.6 per 100 000 persons per year in Singapore [4], 13.2 

per 100 000 persons per year in the United States [5], and 15.2 
per 100 000 persons per year in Australia [6]. Traumatic corneal 
perforations belong to serious ophthalmic emergencies, which 
is leading to permanent visual and eyeball loss when it is not 
promptly treated. Open globe injuries are injuries of the cornea 
and/or sclera breached and there is a full-thickness wound of 
the eye ball [7]. Open globe eye injury due to laceration of the 
cornea or sclera by sharp objects or blunt trauma (contusion) 
with rupture of the eye possible complications of the crystal-
line lens, vitreous/retina, and/or optic nerve with the develop-
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ment endophthalmitis. According to some authors the risk of 
endophthalmitis does not significantly increase in the first 24 or 
36 hours [8, 9]. It should be noted that the result of significant 
structural changes in damaged tissues are often the results of 
secondary reconstructive operations performed in a long time 
are unsatisfactory.

The surgical procedures were classified as primary (per-
formed following first presentation) and secondary (performed 
later following primary procedure). Usually, corneal lacerations 
are primarily closed with non-absorbable suture such as 10-0 
nylon, since the principle of function by known (regular, familiar, 
famous) trephines does not provide urgent penetrating kerato-
plasty. From corneal open injuries have observed severe ocular 
hypotonia and deformation of the damaged cornea results of 
this state in our clinic have designed/ created new trephine for 
surgical intervention (surgical intervention by this state in our 
clinic designed new trephine). The use this trephine there is a 
possibility circular recipient trephination by hypotonus globes 
without risk of inner structure damage of eye.

Patients and Methods

This study was a retrospective review of 48 patient’s (48 
eyes) surgical treatment with open globe injuries and corneal 
laceration, which were operated from January 1, 2009 to De-
cember 31, 2013, at the International Center of Eye Diseases, 
Ashgabat, Turkmenistan within carried out various sorts of new 
trephine surgical techniques which designed in our center. At 
the presentation of patient’s evaluation have included detailed 
history of injury, Snellen’s visual acuity, slit lamp examination, 
intraocular pressure, adequate fundus visualization (by possi-
bility), and ultrasonography (in necessarily). Patients who diag-
nosed with corneal open injuries as well underwent complete 
ocular examination were treated by using one of three surgical 
techniques.

Trephine Design

Trephine consists of two parts: the cutting crown (a-i) and 
the piston (a-ii) (Figure 1). A significant difference in trepan con-
cerns its piston, which has the shape of a cylindrical rod and 
moves freely in the vertical direction in the cutting crown. At 
the distal end there is a flat disk 0.1 mm smaller than the diam-
eter of the cutting crown. The free surface of the disk is a flat 
rounded plate (Figure 1 b-i rot arrow) and the reverse side has 
a spherical shape band replicating of corneal curvature (Figure 
1 b-ii blue arrow). The flat disk is connected to piston by means 
of an eccentrically located 1.5-2.0 mm diameter rod. (Figure 1 
c-i). The proximal end of the piston as a handle (Figure 1 d-i). 
For diameters of 5.0–8.0 mm, any type of corneal trephine can 
be used.

Surgical Technique

Group I - 19 Patients (First Variant)

This technique is used for corneal traumatic perforations up 
to 7 mm. By general anesthesia under the operating microscope, 
the necrotic tissue was removed by forceps and scissors and 
cleaned of fibrin and fallen damaged tissue (Figure 2a). Holding 
the trepan in a vertical position above the eye, the disc-shaped 
end of it was lowered and, in this position, the flat disc of the 
piston was carefully inserted into the anterior chamber through 
the corneal wound (Figure 2b). The diameter of the trepan was 
selected according to the maximum length of the wound. The 
eccentric arrangement of the connecting rod helped to improve 
the view and the smooth insertion of the flat disk into the ante-
rior chamber. After complete insertion of the disc-shaped end 
of the piston into the anterior chamber, it was placed in the cen-
tral position and the cutting crown was carefully lowered until 
the latter came into contact with the surface of the (Figure 2c). 
In this case, the damaged cornea is compressed between the 
flat disk on the front side of the camera and the cutting crown 
on top. In this position, they began to rotate the cutting crown, 
holding the trepan by the handle (Figure 2d). During trepana-
tion, it is important to keep the handle stationary, since its rota-
tion can change the original position of the cutting crown. The 
donor button was transferred to the recipient bed and fixed in 
place with four 10.0- monofilament nylon interrupted (at 12, 
15,18 and 21 o'clock positions) (Figure 2e), continuous running 
sutures (Figure 2f). At the end of the operation for air injection 
to restore anterior chamber. In all cases were injected of genta-
mycin. All cases were injected of gentamycin.

Group II – 16 Patients (Second Variant)

This option is already in use for corneal traumatic perfora-

Figure 1:  The constituent parts of the trephine.

Figure 2: Surgical steps of urgent penetrating keratoplasty with 
complete removal of the affected area of the cornea (Group I).

Figure 3: Surgical steps of urgent penetrating keratoplasty with 
removal of only the central part of the cornea (Group II).
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tions more than 7 mm. Surgical procedures performed under 
general anesthesia. Following the anesthesia performed a Bar-
rique eyelid speculum. It is gently inserted to make sure that 
exert pressure is on the globe. As well making sure not to exert 
pressure on the globe. Inflammatory membranes over the iris 
and pupil were mechanically removed by forceps. The reason 
of large deformation of cornea applied to the peripheral areas 
after wound fixed by interrupted sutures (Figure 3 a, b) to im-
prove incision’s conditions with trephine the central part of the 
cornea (Figure 3c). The edges and base of the corneal perfora-
tion cleaned with Vannas scissors to remove all damaged inner 
tissue. The similarly to the first variant, the damaged cornea 
was excised. In the presence of stellate wounds, separate inter-
rupted sutures were first applied to the edges of the wound 
directly at the trepanation hole. The trepanation hole form is a 
regular circle. The corneal donor button was transferred to the 
recipient bed (Figure 3d) and fixed with 4 interrupted 10.0 Ny-
lon (Figure 3e) sutures and continuous running sutures (Figure 
3f). For air injection to restore anterior chamber and a subcon-
junctival injection of gentamycin.

Group III 13 Patients (Third Variant)

Anesthesia is same as in first two groups. The latter option is 
used for damage the inner structures of the eye (iris, lens) and 
a risk of extrusion of intraocular contents. The edges of valve 
wound and surface of iris were mechanically removed with 
forceps (Figure 4a). Before the trephination of cornea’s central 
part and excision damaged soft tissue (Figure 4 a, b) and soft 
contact lens 0 diopters, 14.0-15.0mm with paracentral hole ø 5 
mm prepared in advance and placed on its surface (Figure 4c).

A lensectomy with IOL implantation or "triple procedure" 
was performed through a paracentral hole in a soft contact lens, 
turning in the right direction. Donor corneal disc was placed in 
recipient bed and fixed first 4 knoten sutures nylon 10.0 and 
continuous running sutures (Figure 4d, e, f). The anterior cham-
ber to restore for air injection. At the conclusion of surgery gen-
tamicin was injected subconjunctival.

Results

Epidemiological Findings

From 48 patients, 35 patients (73.0%) were male and 13 
(27.0%) were female (Figure 5). Divided by age groups, on the 
one hand in the group between 21-50 years there was increased 
occurrence and on the other hand in the group from 51 years. 
The main age was (32.3 ± 5.9) years (min. 1, max. 60 Years) (Fig-
ure 6). The right eye was more often affected (66.7%) compare 
to the left eye (33.3%).

In this study among the patients with open corneal injuries 
the prevalence of men, namely male 41/85.5%, female 7/14.5% 
range 10–60 years, peaks of incidence were recorded at the age 
of 18 to 30 years.

Table 1 gives an overview of the documented causes of ac-
cidents and the number of penetrating corneal injuries.

Graft Clarity after Urgent Penetrating Keratoplasty

The status of transplant at after urgent penetrating kerato-
plasty are summarized in Table 2 and clinical photographs in 

Table 1: Traumatic agents in 48 patients with penetrating corneal 
perforations.

Cause Incidence Percent %
Road accident 12 (25%)
Tree/branch 7 (14,6%)
Stone 5 (10,4%)
Garden tools 5 (10,4%)
Metallic objects 4 (8,3%)
Toy 4 (8,3%)
Punch 3 (6,2%)
Falling from a height 2 (4,2%)
Expander 2 (4,2%)
Injuries caused by animals 1 (2,1%)
Piece of wood 1 (2,1%)
Bottle cap 1 (2,1%)
Door handle 1 (2,1%)
Total 48 (100%)

Table 2: The graft rejection after urgent penetrating keratoplasty with 
different surgical techniques (Groups I, II, III).

The status of transplantat
Number of cases/Percentage

clear graft versible irreversible

Group 
I

16 1 2 19 (39.6%)

Group 
II

10 2 4 16 (33.4%)

Group 
III

2 7 4 13 (27.0%)

Table 3: Optical results of 48 patients after urgent penetrating kera-
toplasty with different surgical techniques.

Visual acuity
Number of cases /

Percentage0.01–0.04 0.05−0.09 0.1−0.3
0.4-
0.7

Group I 2 2 8 7 19 (39.6%)

Group II 6 5 4 1 16 (33.4%)

Group III 5 4 3 1 13 (27.0%)

Figure 5: Demographic profile of our study group. Sex disribution 
patients with traumatic corneal perforations.

Figure 6: Age disribution patients with traumatic corneal perfora-
tions.

Figure 7: The clear graft rejection of transplantat after urgent pen-
etrating keratoplasty.
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Figure 7. Graft rejection in the first group clear graft 16/84.2%, 
reversible 1/5.2%, irreversible 2/10.6%. In the second group 
graft transparency was better than in the third group exactly: 
clear 10/62.5%, semi-transparency 2/12.5%, hazy 4/25%. Graft 
survival was poor for cases in third group: clear 2/15.3%, semi- 
transparency 7/54%, hazy 4/30.7%

Vision Outcome

In our study the preoperative visual acuity in all patients 
ranged from light perception to 0.05. Visual acuity after urgent 
penetrating keratoplasty shown in Table 2. The table shows that 
in the first group, 15 operated patients had visual acuity of 0.1 
or higher, which indicates the effectiveness of this operation. In 
the second group, 5 patients had visual acuity in the range of 
0.1-0.7, and 11 patients had visual acuity in the range of 0.01-
0.09. Low vision was primarily observed in 6 patients with semi-
transparency and hazy grafts. In addition, the same patients 
had destruction of the vitreous body and secondary cataract 
also the formation of a fibrous film in the pupil area pupillary 
membrane. The results of the observation showed that the se-
verity of the injury, especially damage to the lens, was essential 
for the outcome of urgent keratoplasty in the second option, so 
the biological and optical efficiency of the operation was signifi-
cantly inferior to the first option. In the third group, the optical 
results are significantly inferior to the first group.

Discussion

Penetrating eye injuries are one of the important causes of 
severe visual impairment and is an ophthalmic emergency that 
needs immediate treatment. To close the non-traumatic defect 
of the cornea there is an arsenal of materials both biologic: con-
junctival flap [10], conjunctivoplasty/or multilayered amniotic 
membrane transplantation [11,12], fibrin glue [13] and synthet-
ic derivatives: cyanoacrylate glue [14,15], multilayered Gore-
Tex patches [16,17]. All available methods have been shown 
to be effective in the closure of small corneal perforations (up 
to 3mm in diameter). The choice of the treatment depends on 
the size and location of the perforation and status of underlying 
diseases.

Our date is consistent with those of the authors indicating 
that men are at significantly higher risk (approximately four 
times higher) than women. Almost half of all reported injuries 
occur in people aged 18- 45 years. [18-20].

Though the prognosis of open globe injuries has improved 
with the development of advanced microsurgical techniques 
and better understanding of tissue reaction to trauma [21]. A 
review of experience indicates a very significant impact of eye 
injuries in terms of medical care, needs for vocational rehabili-
tation and great socioeconomic costs [2].

Generally, if the perforation is very small (diameter≤1 mm), 
a temporary cyanoacrylate glue application can be used Refojo 
et al. [22]. Over 20 years ago, Bessant and Dart [23] described 
a technique for trephination involving the use of cyanoacrylate 
glue and a lamellar graft in 10 eyes with peripheral inflammato-
ry corneal ulcers that were either perforated or pre-perforated. 
In these cases, there was a small perforation in the middle of 
an extensive ulcer, making it possible to seal the hole with just 
a few drops of cyanoacrylate glue. The anterior chamber was 
restored by injecting a viscoelastic solution, allowing lamellar 
dissection. This technique is very useful, but it can only apply to 
perforations with a very small diameter.

For slightly larger perforations, cyanoacrylate glue alone is 
not sufficient. Por et al. [24] reported three cases of perfora-
tions of 2–4mm in diameter, there they proposed a fibrin glue 
injection into the anterior chamber and once the cyanoacrylate 
glue was correctly centered on the perforation. This double seal 
restored the anterior chamber allowing lamellar dissection. 
Nevertheless, fibrin glue injection requires a minimum degree 
of sealing with cyanoacrylate glue, which is difficult to achieve 
when the perforation is more than 2mm in diameter.

All described manipulations refer to non-traumatic corneal 
perforations. However, due to the increase in the number of 
severe penetrating wounds, primary reconstructive operations 
performed at the time of surgical treatment of the wound be-
gan to occupy a special place. The difficulty of performing such 
operations is that several manipulations are performed simulta-
neously on different tissue of the eye such as urgent penetrat-
ing keratoplasty, iridopathy and simultaneously with cataract 
extraction and IOL implantation. The technique of trepanation 
with new trephine for urgent penetrating keratoplasty in sat-
isfactory conditions on patients with a corneal perforation of 
more than 4mm in diameter.

First variation is surgeries are offered for stellate and linear 
penetrating wounds of the cornea, including its entire thick-
ness and damage with a diameter of up to 7 mm, but with fairly 
smooth edges.

Second variation is indicated in cases where there is a wound 
with a diameter of more than 7 mm. since the dilution of the 
wound is associated with additional trauma, it is recommended 
to first apply stitches to the edges of the wound in order to cre-
ate a circle and an opportunity for trepanation. Third variation 
is recommended for smashed wounds with damage to the inner 
membranes of the eye, as well as in the presence of a corneal 
defect. However, due to severe hypotension, through trepana-
tion is not performed, but only the border of the future incision 
is marked, followed by excision of intended corneal area with a 
blade and scissors and replacement with a donor cornea [25].

In recent years, we have refused to them the Fleering ring, 
which creates a number of inconveniences during the opera-
tion. During urgent keratoplasty, we use a soft contact lens with 
a diameter of 14-15 mm with a paracentral hole with a diame-
ter of 5 mm, which is very convenient to use. When using a soft 
contact lens, better working conditions are created by reduc-
ing the open surface of the wound in total and subtotal kera-
toplasty, which can be rotated in the desired direction, which 
means that the risk prolapse of iris, lens and corpus vitreum is 
significantly reduced.

Climatic conditions of Turkmenistan characterized by a 
sharply continental climate with a predominance of a long hot 
period, with dry and hot weather, in turn, also contributes to an 
increase in infection and has a negative impact on the course of 
the post-traumatic period [26].

The following factors were among the main factors affecting 
visual functions and the nature of graft healing: the size, shape 
and location of the wound, as well as the degree of damage to 
the inner structures of the eye and the age of the eye injury. The 
frequency of cataract formation after severe corneal injuries, 
the need for late surgical treatment using urgent keratoplasty 
- all this made it necessary to develop a choice of the most ra-
tional methods of primary treatment of severe corneal injuries
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In conclusion, this study suggests that the severity of injury, 
time of presentation and institution of prompt treatment are 
also very important determinants in the final visual and ana-
tomical outcome. Despite the great possibilities of microsur-
gery, achieving complete rehabilitation of patients after pri-
mary surgical treatment is a difficult task. Often, the cause of 
vision loss or death of the eye is not the injury itself, but the 
complications that occurred after it. Therefore, modern urgent 
assistance should be comprehensive as much as possible. The 
proposed technique of trepanation using a new trepan is an al-
ternative method of surgery for open corneal injuries.
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