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Introduction
Micro-incision cataract surgery (MICS) was developed in 

the last decades to increase the results in phacoemulsiϐication 
surgery. It was derived from the traditional phacoemulsiϐication 
cataract surgery incision called Clear Corneal Incision 
(CCI). CCI is the global choice technique for cataract surgery 
procedure, and during years it becomes a safe and effective 
[1]. The 1.8mm MICS may have some advantage comparing 
to traditional CCI wound, the advantages includes: reduce 
the risk for intraoperative anterior chamber instability, 
less incision bleeding during the surgery, higher structural 

stability of the anterior chamber, the magnitude of surgically 
induced astigmatism (SIA), easy in construction and les 
incidence of postoperative endophthalmitis [2]. Combined 
with the development of cold phaco technique and intraocular 
lens for ultra-small incision, greater achievements have been 
made to improve the cataract surgery quality. However, 
smaller incisions can produce complications if the incisions 
are too tight and result in excessive mechanical or thermal 
corneal trauma [3].

All surgical techniques and phacoemulsiϐication tips cause 
some amount of wound trauma [4,5]. Clinical implications 

Abstract 

Purpose: Analyze Microincision Cataract surgery wound using Fourier-Domain optical 
coherence tomography.

Setting: Medical School of Medicine, Catholic University of Brasilia, Brasília, Brazil.

Design: Prospective comparative observational study

Methods: Forty eyes were included in this prospective study divided in two groups: with 
contact lens (CL) and without contact lens (WCL). A line scan pattern of the corneal incisions 
were acquired using a Spectral domain OCT system immediately after the surgery, and at 
postoperative days 1, 7 and 30. Incisions were analyzed regarding length, location, angle, 
architecture, and anatomic imperfections.

Results: All incisions were located temporal or nasal superiorly. The average wound length 
was 1.28 + 0.18mm and the mean incision angle was 49 + 9 degrees. The average wound length 
of the WCL group mean was 1.24 + 0.17 mm and the mean incision angle was 51 + 8 degrees. 
Comparing groups for the length and the angle, the incisions measurements were not statistically 
signifi cant. Anatomic imperfections were observed at the fi rst day postoperative in 12 eyes for 
CL group and in 13 eyes for the WCL group. No patient presented endophthalmitis during the 
follow-up.

Conclusion: Epithelial imperfection was observed in two patients in the WCL group with 
spontaneous resolution. The CL group had the highest length and lowest angle of corneal 
incision. Using contact lens to prevent wound construction imperfection appears not to be a 
good option. Further studies using a greater number of patients with an architectural analysis of 
clear corneal incisions are needed to confi rm these preliminary results.
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include difϐicult in wound sealing, increased use of sutures, 
wound edema, SIA, and prolonged healing [3,6].

The good quality resolution and faster acquisition of the 
images using anterior segment optical coherence tomography 
(AS-OCT) with the technology of spectral domain (SD-OCT) 
allows adequate screening for postoperative follow-up of the 
wounds. This exam analyzes the corneal incision with a non-
contact method and was used to examine the architecture 
features of CCI in vivo after cataract surgery using CCI 
technique [7-13].

The objective of this study is to analyze MICS wound 
using Spectral-Domain optical coherence tomography after 
phacoemulsiϐication surgery and to correlate them to surgical 
outcomes.

Material and Methods
Randomly selected eyes were directed to cataract surgery 

having the MICS CCI performed. Patients participants were 
divided in two groups: 20 eyes were performed MICS CCI and 
after the surgery a contact lens (CL) with -0.50 diopters (1-
Day Acuvue Trueye, Johnson and Johnson Vision Inc, Ireland, 
UK) was used for 24 hours as a tamponade band aid and 20 
eyes were performed MICS CCI without contact lens (WCL). 
No stromal edema was performed after the surgery in any 
patient.

All surgeries were performed by one surgeon (AT) under 
topical anesthesia and CCI was performed superior temporally 
in the right eye and superior-nasally in the left eye. The 
incisions were made with a 1.8mm sapphire blade (Aurora 
Surgical Inc, St. Petersburg, FL, USA), Bausch and Lomb Stellaris 
PC System (Bausch and Lomb Surgical Inc., St Louis, MO) was 
the elect phacoemulsiϐication using Burst mode ultrasound 
parameter with less than 0.5 minutes per surgery. Lens cortex 
was removed by automated irrigation and aspiration using 
standard setup. Foldable acrylic intraocular lens (Akreos MI60 
AO, Bausch and Lomb Inc, St Louis, MO, USA) was injected 
into the capsular bag using a 1.8mm disposable implantation 
system; no incision tunnel enlargement was performed in any 
patient. The eyes were ϐilled with BSS to normal pressure on 
palpation without leaking. Phacoemulsiϐication and side-port 
incisions were not sealed with stromal hydration.

To study the incision morphology during the postoperative 
days (Immediately after the surgery and 1, 7 and 30 days) a 
corneal adaptor module (CAM) of SD-OCT system (RTVue, 
Optovue Inc., Fremont, CA, USA) was used. To measure the 
CCI a single line scan was positioned perpendicular to the 
limbus in all samples. Wound length (Figure 1), architectural 
deformations and angle between the corneal surface tangents 
were the following parameters studied using radial scans of 
the SD-OCT.

To analyze statistically all saples a SAS V9.1 programming 

language (SAS Institute Inc., Cary, NC) was used. The data were 
analyzed by linear length, looking for shallow groove, incision 
angle, epithelial and endothelial gaping. Paired t-test was used 
to compare the different incision techniques and analysis of 
variance tested across days. Accepted level of signiϐicance for 
all tests was a p value of less than 0.05.

Results
Forty eyes of 32 participants were enrolled and completed 

the study (10 males). Mean age was 65 + 7 years (range: 
60 to 82 years). During the study no incision leakage or 
intraoperative complications were seen in any of the subjects. 
Hypotony, endophthalmitis or shallow chamber were no 
reported during the period of the study. Three patients did not 
complete the follow up and were excluded from to the study.

The average wound length of the CL group was 1.28 ± 
0.18mm (range: 0.80mm to 1.70mm) and in WCL group was 
1.24 ± 0.17mm (range: 0.83mm to 1.59mm). This was not 
signiϐicantly different (p = 0.17). The average angle of the 
incision relative to the tangent plane to the corneal surface 
was 49 ± 9 degrees (range: 26 to 70 degrees) for CL group and 
51 ± 8 degrees (range: 31 to 73 degrees) for WCL group. There 
were no signiϐicant differences between groups (p = 0.16). 
Tables 1 and 2 show all post-operative average measurements 
for both groups with the analysis of variance between days.

In vivo architecture features of MICS and CCI after 
cataract surgery

Epithelial gaping was observed only in 15% of the 
participants for the WCL group at the same day of surgery. 
No epithelial changes were observed after the ϐirst day 
postoperatively in both groups. 

Endothelium gaping was observed in both groups. For 
the CL Group was observed in 25% of the participants at the 
same day of surgery, in 20% one day after the surgery and 
10% seven day after the surgery. For the WCL group was 
observed in 45% at the same day of surgery, 65% at the 
ϐirst and seven day postoperatively. Two patients presented 
endothelial gaping at 30 days postoperatively in the WLC 
group. The average of endothelial gaping for CL group was 
0.11 + 0.13mm (range: 0.0mm to 0.46mm) and for WCL group 
was 0.12 + 0.15mm (range: 0.0mm to 0.64mm), with no 
signiϐicant differences between groups (p = 0.70). Descemet’s 
detachment and endothelial misalignment were observed in 

Figure 1: SD-OCT after cataract extraction showing the 1.8mm corneal incision. 
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both groups (Table 3 and Figure 2) with a complete resolution 
at 30 days postoperatively only in the CL group.

Discussion
The study used AS-OCT to show the applicability and 

usefulness of this method to analyze the advantage of 
1.8mm MICS incision technique. As a non-invasive exam 
and combined with easy analysis tools, the OCT became an 
excellent method to quantitatively analyze structural changes 
in corneal wound architecture after phacoemulsiϐication 
in patients who submitted a cataract surgery. The analysis 
technique was simple to perform, multiple key parameters 

measured (incision angle, incision length, wound changes) and 
marking the area for analytical calculation was reproducible. 
Furthermore, spectral domain AS-OCT has enabled clinicians 
to obtain images with higher resolution and higher scan rate, 
allowing more accurate measurements [14-18].

 Alterations of the internal surface of the cornea wound 
was described before [6,14]. Whikert et al., in the study, using 
electronic microscopy, showed no remarkable cell loss or 
descemet membrane rearing when the incision was made 
without out manipulation, in cases involving phaco tip, I/A 
hadpicies and IOL injector manipulations conspicuous areas of 
endothelial cell loss surrounding each incision were present. 
However, a qualitative ϐinding reported in our sample appears 
to align that the wound construction defect are related to the 
instruments manipulation and/or IOL injection. To maintain 
the integrity and health of the eye the surgeons need to 
considerer the best wound construction.

Endothelial cell damage after MICS and standard-incision 
cataract surgery has been evaluated, and incision size was not 
found to be a direct factor to inϐluence endothelial cell loss 
[18]. In contrast, Mahdy, et al. and Park, et al. also founded 
statistically signiϐicant endothelial cell loss using MICS 
technique, especially with cases of nuclear hardness cataract. 
With increasing cataract density, there was a need for more 
manipulation to remove the lens and can be a factor to change 
the architecture of the wound [18-20].

Sapphire blades for incisions are better in terms of 
sharpness, quickness, and ease of use. They allow the surgeon 
to create a more reproducible and consistent corneal incision 
tunnel [21]. Because sapphire blades require minimal force, 
reproducible incisions can be constructed easily with little 
distortion of corneal tissue. Initiating incorrectly the plane 
incision (e.g. too long tunnel) can create a movement limitation 
in the anterior chamber (AC) and excessive manipulation can 
increase the structural damage of the wound. In our series, 
the mean lengths were 1.28mm and 1.24mm for WCL and CL, 
respectively. We believed tunnels between 1.0mm to 1.5mm 
are save enough to maintain the mobility of the instruments 
in the AC without structural wound damage.

No stromal hydration was performed in this study; we 
believe MICS are too small for hydration and swelling caused 
by the incision. In our concept, the angle of the incision shown 
to affect the self-sealing properties of the wound and small 
angles are more effective in providing a self-sealing condition 
[7,14,22,23]. In this study, the angle appeared to be shallow 
enough to create sealing in both groups (average angle 49 
degrees for WCL group and 51 degrees for CL group). We 
found no signiϐicant difference between groups at the end of 
this study. 

The use of contact lens appears not be useful to avoid 
structural changes in our sample. We found a high percentage 
of endothelial gaps or Descemet membrane detachments 

Figure 2: Complications of 1.8mm corneal incision after cataract surgery observed 
with SD-OCT imaging.  A) Day one postoperatively, contact lens group clear corneal 
incision: endothelium gaping. B) One day postoperatively, without contact lens 
group clear corneal incision:  endothelium gaping. C) Zero day postoperatively 
without contact lens group clear corneal incision: loss of coaptation. D) Seven day 
postoperatively without contact lens group clear corneal incision: endothelium 
misalignment.

Table 1: Mean and standard deviation of FD-OCT measurements performed in the 
without contact lens group after cataract extraction (n=19 eyes).

Length 
(mm)

Angle
(degrees)

Epithelial gaping
(mm)

Endothelial gaping
(mm)

Postoperative Period
Day 0 1.31 ± 0.18 56 + 8 0.01 + 0.1 0.23 + 0.12
1 day 1.26 ± 0.14 54 + 7 0.0 0.18 + 0.13

7 days    1.2 ± 0.12 52 + 6 0.0 0.64 + 0.09
30 days 1.11 ± 0.16 41 + 6 0.0 0.27 + 0.08
ANOVA 0.89 0.43 0.71

Table 2: Mean and standard deviation of FD-OCT measurements performed in the 
with contact lens group after cataract extraction (n=18 eyes).

Length 
(mm)

Angle
(degrees)

Epithelial gaping
(mm)

Endothelial gaping
(mm)

Postoperative Period
Day 0 1.40 ± 0.16 51 + 9 0.0 0.28 + 0.14
1 day 1.34 ± 0.15 53 + 11 0.0 0.15 + 0.14

7 days 1.25 ± 0.17 51 + 6 0.0 0.50 + 0.10
30 days 1.15 ± 0.17 41 + 6 0.0 0.15 + 0.06
ANOVA 0.89 0.24 0.54

Table 3: Number of eyes with architectural changes observed using FD-OCT.
Contact lens group Without contact lens group 

Descemet’s detachment 5 9
Endothelial misalignment 0 1

Loss of coaptation 0 0
Endothelium gaping 4 9
Epithelium gaping 0 2
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in the WCL group compared to CL group (p = 0.70). The 
literature shoes the incidence of endothelial wound gaping 
varies between 25% to 70%, depending on the postoperative 
day [9,12,24,25]. There are studies describing some 
possible explanations to endothelial wound gaping such 
as phacoemulsiϐication instruments sizing or excessive 
ultrasound power, corneal stromal edema or endothelial 
damage, [12,13,26] and some authors added IOP ϐluctuation 
as a factor [22,24]. No epithelial defect was observed in the 
CL group, as far as we know, external gaps can be found in 
CCI with a fast resolution [22,24-26] and can be associated 
to intraocular pressure ϐluctuation and stromal hydration 
[9,13,24].

This study provided accurate measurement of the MICS 
wound in vivo using SD-OCT high-resolution. All images 
were clearly visible after the phacoemulsiϐication procedure 
without signiϐicant motion error analyzing.

In conclusion, MICS corneal incisions in both groups 
imaged with SD-OCT presented internal gaps in the immediate 
postoperative period with a spontaneous resolution and the 
use of contact lens do not prevent any internal gap, even 
our results were no statist signiϐicant or the sample were 
too small. The technology of SD-OCT allowed immediate 
postoperative non-contact evaluation of wound incision, 
and provided high-resolution measurements for evaluating 
the incision’s morphology. This information can be used to 
perform corneal incision techniques in order to diminish 
the risk of gaping, which can be related to increase risk of 
postoperative complications and visual rehabilitation.
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