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Abstract

Purpose To describe a new technique for sealing

small corneal perforations after penetrating trauma.

Methods Corneal perforations in six eyes were

sealed using a stromal cefuroxime hydration tech-

nique. This technique is identical to the current

method used to seal leaking incisions upon completion

of cataract surgery except for the use of cefuroxime

instead of balanced salt solution. Additionally,

cefuroxime was intentionally injected into the anterior

chamber. A therapeutic contact lens was used after the

hydration. Comparison was made in eight eyes with

small traumatic corneal perforation that was sealed

using therapeutic contact lenses without hydration.

Results This novel technique was applied in six

cases, with leakage stopping immediately following

hydration in each of these eyes. In cases presenting

with a shallow or flat anterior chamber, this maneuver

produced immediate reformation of the chamber. Of

note, the corneal scars after hydration were minimal

with little effect on visual acuity. When compared to

eyes with small corneal perforations which were

sealed with therapeutic contact lenses without hydra-

tion, all cases that were hydrated with cefuroxime

were sealed immediately, as opposed to cases treated

without hydration. Furthermore, the eyes that

underwent hydration with cefuroxime had a worse

average visual acuity on admission, a better average

visual acuity 1 month post-trauma, and a shorter

average length of hospitalization.

Conclusions This new technique offers five major

advantages: (1) Immediate sealing of the corneal

perforation is achieved. (2) Definitive treatment can be

achieved at the slit lamp. (3) Since neither stitches nor

glue is applied, healing is achieved with minimal

scarring and discomfort. (4) Little equipment is

required. (5) Injection of cefuroxime into the anterior

chamber provides prophylaxis against infection.

Keywords Corneal perforation � Corneal hydration �
Cefuroxime � Corneal scar

Introduction

Corneal perforation secondary to trauma is a serious

injury, requiring urgent treatment. Interventions

include sealing of the cornea via one or more of the

following modalities: stitches, tissue adhesives, ther-

apeutic contact lens, topical antibiotics, and/or aque-

ous production inhibitors. The case of a

central/paracentral corneal perforation is particularly

problematic due to the impact of any irregularity in the

central cornea on visual acuity and the need to

minimize scarring [1–3]. We propose a novel tech-

nique for closing small linear corneal perforations
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after penetrating injuries, especially those in a cen-

tral/paracentral location. Patients included in this

study were without concurrent trauma to adjacent

tissues in the eye, such as the iris, lens, or posterior

segment. Additionally, there was no suspected intraoc-

ular foreign body in any of these cases. We used this

technique in six eyes of six patients. The first of these

cases was published as a letter to the editor [4].

Methods

A review of the hospitals’ medical records identified

six corneal perforations in six patients who were

hydrated via stromal injection of cefuroxime at the site

of perforation during the years 2014–2015. This

approach is identical to the current method of stromal

hydration upon completion of cataract surgery in cases

of leaking corneal incisions except for the use of

cefuroxime instead of balanced salt solution. Addi-

tionally, some of the cefuroxime was intentionally

injected into the anterior chamber. Cefuroxime was

injected using a 27G cannula on a 1-ml syringe filled

with 0.3 ml cefuroxime at a concentration of 1 mg/

0.1 ml. The procedure was performed at the slit lamp

under sterile conditions, after an application of

povidone-iodine 5% onto the eye. Therapeutic contact

lens was placed after the hydration.

The six eyes that underwent corneal hydration with

cefuroxime were compared to all identified cases of

traumatic corneal perforation that were treated in

Rambam Healthcare Campus from June 2002 until

June 2017 that had perforations that were small and

did not require stitches, but yet were not hydrated with

cefuroxime (eight in number). Data were analyzed

using SPSS. Student’s t test was performed to compare

the visual acuity on admission, the visual acuity

1 month post-trauma, and the length of hospitalization

between the two groups. A Fisher’s exact test was used

for analysis of proportion of the eyes which were

sealed immediately between the two groups. Differ-

ence was considered significant for a two-sided

p value\ 0.05.

This retrospective study was approved by the

Institutional Ethics Committee of RambamHealthcare

Campus, Haifa, Israel.

Results

In the hydration group, five out of six of the trauma

victims were young males. Most of the perforations

were paracentral, and most resulted in visual acuity

impairment (see Table 1). In all patients with com-

promised visual acuity, improvement was noted after

hydration. At the 1-month follow-up examination,

only minimal corneal scarring with improved visual

acuity was noted.

All patients in the hydration group were treated

immediately with corneal hydration with cefuroxime

on admission, except for patient #1 who was first

treated with therapeutic contact lens, topical antibi-

otics, and aqueous production inhibitors for 6 days.

Due to the failure of this treatment, patient #1 was

treated with corneal hydration with cefuroxime, which

succeeded immediately.

All cases in this group had a positive Seidel test

before hydration. The leakage stopped immediately

after hydration in all cases, with a negative Seidel test.

In the two cases in which anterior chamber was flat on

admission, the anterior chamber was reformed during

the hydration and remained so thereafter.

Figure 1 shows the perforation site of patient #1

who had a 1.5-mm-long central (1-mm off-axis) linear

perforation before the hydration, and Fig. 2 shows it

after the hydration.

The control group was composed of eight cases of

corneal perforation that was treated at Rambam

Healthcare Campus from June 2002 until June 2017

that was small enough and hence did not require

stitches, but was not hydrated with cefuroxime. All

these cases were treated with a therapeutic contact lens

(see Table 2). Case #3 was treated using a tissue

adhesive before the contact lens. All cases were

treated immediately. Upon arrival, the causes of

perforation, location of perforation, and the length of

perforations were similar to the cases which were

hydrated with cefuroxime. The anterior chambers

were all deep, but all had a positive Seidel test.

The average visual acuity in LogMAR on admis-

sion was worse in the group that was treated with

cefuroxime hydration than in the group which was not

treated with cefuroxime (0.64 vs. 0.28, p = 0.21), but

the average visual acuity in LogMAR 1 month post-

trauma was better in the group that was treated with

cefuroxime hydration than in the group which was not

treated with cefuroxime (0.14 vs. 0.01, p = 0.21).
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There was no statistical significant difference. The

average length of hospitalization was shorter in the

group of cases which were treated with hydration

(4.7 days vs. 7 days, p = 0.24). There was no statis-

tical significant difference. The patients were hospi-

talized for a close follow-up and in order to identify

complications such as infection and re-leakage

quickly. Only two out of eight eyes in the group that

was not treated with hydration sealed immediately as

opposed to the hydration group where all six cases

sealed immediately (p = 0.0096).

We followed all patients for at least a year after

hospitalization, and visual acuity was stable in all

cases apart from case #4 in the hydration group and

case #7 in the contact lens group, who both developed

cataract 1 year after the trauma, and both underwent

cataract surgery which was complicated by cystoid

macular edema following the surgery.

There were no cases of infection or endophthalmitis

in the two groups.

Discussion

The current standard of care of corneal penetrating

injuries calls for therapeutic modalities that often

produce further scarring (e.g., stitching, tissue adhe-

sives). The technique described in the present study is

similar to the stromal hydration procedure of clear

corneal incisions adopted during conventional cataract

surgery that produce little to no inflammation or

corneal scarring [5–7]. Injected fluid in the present

procedure was a cefuroxime solution in order to

achieve two main goals: the sealing of the corneal

perforation and the prophylaxis of infections.

Stromal hydration with cefuroxime was found to be

safe in mouse corneas [8]. Presumably, the total

dosage of antibiotic utilized does not pose a toxicity

risk to intraocular tissues [9]. Cefuroxime is potent

against some of the bacteria but not against fungal and

other infections related to corneal trauma [10, 11].

Of interest, cefuroxime injected into the corneal

stroma was previously described as a treatment for

infectious crystalline keratopathy [12].

Comparison of the two groups of patients, those

treated with hydration and contact lens therapy versus

those treated with contact lens therapy only, was

performed. The group with the added hydration

therapy had an average better long-term visual acuity

and an average shorter hospital stay. The immediate

sealing by the hydration probably reduced the scar-

ring, and hence caused better visual acuity. No

statistical significance was demonstrated between the

groups, presumably due to small number of patients,

though difference was very consistent. Hydration

sealed all cases immediately, while immediate sealing

happened only in few cases when hydration was not

performed, reaching statistical significance.

Fig. 1 Perforation site of patient #1 before hydration

Fig. 2 Perforation site of patient #1 after hydration
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In conclusion, we can state that this procedure has

two positive effects: the immediate sealing of small

corneal wounds and the prophylaxis of bacterial

infections. Despite the low numerosity of cases and

lack of statistical significance, we observed better

results in terms of final visual acuity and length of

hospitalization in the patients who underwent this

treatment.

Compliance with ethical standards

Conflict of interest The authors declare that they have no

conflict of interest.

Ethical approval All procedures performed in studies

involving human participants were in accordance with the eth-

ical standards of the institutional and/or national research

committee and with the 1964 Helsinki Declaration and its later

amendments or comparable ethical standards. For this type of

study, formal consent is not required.

References

1. Chan SM, Boisjoly H (2004) Advances in the use of adhe-

sives in ophthalmology. Curr Opin Ophthalmol

15(4):305–310

2. Castiblanco CP, Adelman RA (2009) Sympathetic oph-

thalmia. Graefes Arch Clin Exp Ophthalmol

247(3):289–302. https://doi.org/10.1007/s00417-008-0939-

8

3. Madhusudhan AP, Evelyn-Tai LM, Zamri N, Adil H, Wan-

Hazabbah WH (2014) Open globe injury in Hospital

Universiti Sains Malaysia—a 10-year review. Int J Oph-

thalmol 7(3):486–490. https://doi.org/10.3980/j.issn.2222-

3959.2014.03.18

4. Allon G, Beiran I, Blumenthal EZ (2016) Hydration with

cefuroxime-a method for sealing a small leaking corneal

perforation. Int J Ophthalmol 9(5):792–793. https://doi.org/

10.18240/ijo.2016.05.27

5. Cooper BA, Holekamp NM, Bohigian G, Thompson PA

(2003) Case-control study of endophthalmitis after cataract

surgery comparing scleral tunnel and clear corneal wounds.

Am J Ophthalmol 136(2):300–305

6. Miller JJ, Scott IU, Flynn HW Jr, Smiddy WE, Newton J,

Miller D (2005) Acute-onset endophthalmitis after cataract

surgery (2000–2004): incidence, clinical settings, and visual

acuity outcomes after treatment. Am J Ophthalmol

139(6):983–987. https://doi.org/10.1016/j.ajo.2005.01.025

7. Seal DV, Barry P, Gettinby G, Lees F, Peterson M, Revie

CW, Wilhelmus KR (2006) ESCRS study of prophylaxis of

postoperative endophthalmitis after cataract surgery: case

for a European multicenter study. J Cataract Refract Surg

32(3):396–406. https://doi.org/10.1016/j.jcrs.2006.02.014

8. Moosajee M, Tracey-White D, Harbottle RP, Ferguson V

(2016) Safety profile of stromal hydration of clear corneal

incisions with cefuroxime in the mouse model. J Ocul

Pharmacol Ther 32(7):469–475. https://doi.org/10.1089/

jop.2016.0019

9. Daien V, Papinaud L, Gillies MC, Domerg C, Nagot N,

Lacombe S, Daures JP, Carriere I, Villain M (2016)

Effectiveness and safety of an intracameral injection

of cefuroxime for the prevention of endophthalmitis after

cataract surgery with or without perioperative capsular

rupture. JAMA Ophthalmol 134(7):810–816. https://doi.

org/10.1001/jamaophthalmol.2016.1351

10. Atas M, Baskan B, Ozkose A, Mutlu Sariguzel F, Demircan

S, Pangal E (2014) Effects of moxifloxacin exposure on the

conjunctival flora and antibiotic resistance profile following

repeated intravitreal injections. Int J Ophthalmol 7(5):

855–859. https://doi.org/10.3980/j.issn.2222-3959.2014.

05.21

11. Kocak I, Kocak F, Teker B, Aydin A, Kaya F, Baybora H

(2014) Evaluation of bacterial contamination rate of the

anterior chamber during phacoemulsification surgery using

an automated microbial detection system. Int J Ophthalmol

7(4):686–688. https://doi.org/10.3980/j.issn.2222-3959.

2014.04.19

12. Khan IJ, Hamada S, Rauz S (2010) Infectious crystalline

keratopathy treated with intrastromal antibiotics. Cornea

29(10):1186–1188. https://doi.org/10.1097/ICO.0b013e3

181d403d4

Publisher’s Note Springer Nature remains neutral with

regard to jurisdictional claims in published maps and

institutional affiliations.

123

2406 Int Ophthalmol (2019) 39:2401–2406

https://doi.org/10.1007/s00417-008-0939-8
https://doi.org/10.1007/s00417-008-0939-8
https://doi.org/10.3980/j.issn.2222-3959.2014.03.18
https://doi.org/10.3980/j.issn.2222-3959.2014.03.18
https://doi.org/10.18240/ijo.2016.05.27
https://doi.org/10.18240/ijo.2016.05.27
https://doi.org/10.1016/j.ajo.2005.01.025
https://doi.org/10.1016/j.jcrs.2006.02.014
https://doi.org/10.1089/jop.2016.0019
https://doi.org/10.1089/jop.2016.0019
https://doi.org/10.1001/jamaophthalmol.2016.1351
https://doi.org/10.1001/jamaophthalmol.2016.1351
https://doi.org/10.3980/j.issn.2222-3959.2014.05.21
https://doi.org/10.3980/j.issn.2222-3959.2014.05.21
https://doi.org/10.3980/j.issn.2222-3959.2014.04.19
https://doi.org/10.3980/j.issn.2222-3959.2014.04.19
https://doi.org/10.1097/ICO.0b013e3181d403d4
https://doi.org/10.1097/ICO.0b013e3181d403d4

	Hydration of small leaking corneal perforations with cefuroxime
	Abstract
	Purpose
	Methods
	Results
	Conclusions

	Introduction
	Methods
	Results
	Discussion
	References




