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SURGICAL TECHNIQUE

has been described recently (3). This technique uses an endoil-
luminator for oblique illumination for better visualization (3). 
The visualization is further enhanced by light reflexes from graft 
folds and edges (3). Endoilluminator-assisted lighting allows 
 visualization of the entire graft even through a hazy cornea, al-
lowing the surgeon better intraoperative assessment of graft dy-
namics, morphology, orientation, and positioning (3). This leads 
to easier and faster surgery, potentially decreasing graft damage 
due to excessive fluidics and unnecessary manipulation (3).

Surgeon-controlled intracameral illumination has been 
described for visualization during cataract surgery, combined 
cataract surgery, and 23-G vitrectomy (4, 5). The main outcome 
measures were causes of poor red reflex, value of the intracam-
eral illuminator during specific steps in cataract surgery, and 
intraoperative and postoperative complications (5). Surgeon-
controlled intracameral illumination provided excellent imag-
ing and almost 360° visualization of the lens capsule structures  
(4, 5). This capability can be used for challenging cataract sur-
gery combined with vitrectomy in eyes with poor red reflex (4).

The objective of this study is to compare outcomes  
and surgeon experience of lateral 23-G anterior chamber  
endoillumination to coaxial illumination with a surgical micro-
scope during cataract surgery.

Methods

This prospective interventional case series enrolled 20 con-
secutive patients (20 eyes) with senile cataract who  underwent 
phacoemulsification surgery using endoillumination with a 
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Introduction

Phacoemulsification has been routinely performed for cat-
aract removal since 1967, when Kelman first introduced the 
 ultrasonic phacoemulsification technique. Currently, phaco-
emulsification remains the technique of choice for small- incision 
cataract surgery. Phacoemulsification requires good visualiza-
tion of the anterior capsule, nucleus, cortex, and posterior 
capsule. Visualization of the red reflex using the operating mi-
croscope is essential for assessing the posterior capsule during 
surgery. Additionally, an adequate coaxial red reflex is required 
for performing a safe, well-centered capsulorhexis (1, 2). The 
use of an operating microscope for the red reflex is a longstand-
ing practice. However, a novel side lighting technique presents 
some significant advantages for performing cataract surgery.

Endoilluminator-assisted Descemet membrane endothelial 
keratoplasty for identifying graft orientation and enhancing 3D 
perception of depth within the anterior chamber of the graft 

ABstrACt
Purpose: To compare surgeon experience and the outcomes of phacoemulsification using 2 different illumination 
techniques for cataract extraction.
Methods: A prospective interventional case series was performed on 20 consecutive patients (20 eyes) with 
senile cataract who underwent phacoemulsification enhanced with a 23-G endoillumination probe. The main 
outcome measures were the surgeon’s perception of depth of field and quality of visibility of intraocular struc-
tures, ease of performance of the surgical procedure, effectiveness, and complications related to the procedure. 
A surgeon-specific questionnaire was administered at the end of the procedure.
results: Surgery was successfully performed in all patients without any complications. The surgeon indicated 
that lateral endoillumination markedly enhanced the details of the lens structures, mainly the posterior capsule 
visualization, better than the coaxial lighting with the surgical microscope. Lateral endoillumination created an 
enhanced 3D effect and improved the depth perception of lens intraoperatively.
Conclusions: The lateral illumination technique with a 23-G endoilluminator probe placed in the anterior cham-
ber through a paracentesis creates an enhanced 3D effect and improves depth perception of lens during phaco-
emulsification. These benefits increase the safety of the procedure.
Keywords: Coaxial illumination, Depth of field, Enhanced visualization, Increased quality, Phacoemulsification

Accepted: June 7, 2017
Published online: June 26, 2017

Corresponding author:
J. Fernando Arevalo, MD, FACS
The Wilmer Eye Institute
Johns Hopkins University School of Medicine
600 N. Wolfe Street
Maumenee 708
MD 21287 Baltimore, USA
arevalojf@jhmi.edu



Illumination during phacoemulsification798 

© 2017 Wichtig Publishing

23-G probe introduced into the anterior chamber through a 
paracentesis. The endoillumination technique was used to de-
termine if it enhanced the details of the anterior chamber, and 
produced shadows for better 3D perception and depth of field 
of the anterior chamber structures, the lens fragments, and 
the posterior capsule.

Patient inclusion criteria were the diagnosis of significant 
or advanced senile cataract and absence of other comorbidi-
ties. Additionally, all patients had reported good light and col-
or perception with positive light projection in all quadrants. 
Exclusion criteria were any significant corneal opacity and 
absence of or ambiguous perception of white light in primary 
gaze. All surgeries were performed by an experienced sur-
geon (J.B.Y.). This study adhered to the tenets of the Declara-
tion of Helsinki. An adequate informed consent was signed by 
all patients included in this study.

Main outcome measures were comparison of the quality 
of vision through the microscope as perceived by the surgeon 
during the surgical procedure and at the end of the surgical 
procedure and efficacy of completing phacoemulsification 
surgery without complications using lateral illumination and 
coaxial illumination. A surgeon-specific questionnaire was 
administered at the end of the procedure. Data were col-
lected on visual acuity preoperatively and postoperatively at 
1 month, 2 months, and 3 months.

Surgical technique

A 2.5-mm clear corneal incision was created at the 
11-o’clock position and a paracentesis was created at the 
2 o’clock position with a 2.2-mm single bevel angled calibrat-
ed slit knife and a scleral 19-G V-Lance (Alcon Laboratories). 
Viscoelastic (Provisc; Alcon Laboratories) was injected into the 
anterior chamber and a continuous curvilinear capsulorhexis 
was performed with a 25-G needle cystotome and capsular 
forceps under direct light from the microscope. A 23-G endoil-
luminator probe (Constellation, 23-G Xenon endoilluminator; 
Alcon Laboratories) was then introduced through the para-
centesis at the 2-o’clock position. The microscope light was 
switched off once endoillumination started. Cataract extrac-
tion was performed using a divide-and-conquer technique 
(Fig. 1, A-D), with the lateral endoillumination using the 23-G 
endoilluminator connected to the Constellation Vision Sys-
tem (Alcon Laboratories) at 22,500 lumens. The phacoemul-
sification tip was always placed at the 11-o’clock position. 
After cortex removal (Fig. 1, E and F), the capsular polishing 
was performed using irrigation/aspiration (I/A) under lateral/
oblique illumination with the endoilluminator and the thread-
ed I/A handpiece with a 0.3 small bore tip (Fig. 1, G and H). A 
foldable intraocular lens was implanted in the capsular bag.

The various stages of surgery, sculpted, fragmentation, 
phacoemulsification, and aspiration, are alternately performed 
with side lighting and coaxial illumination of the surgical micro-
scope and the perception of structures, core, cortex, and poste-
rior capsule were compared with each illumination technique.

Results

The mean age of the patients was 64.35 years (range  
53-77 years). All cases of senile cataract were classified with 

at least NO (Nuclear Opalescence) III. (Lens Opacities Classifi-
cation System III). The mean follow up period from diagnosis 
to surgery was 5.52 months (range 1 day-12 months). Surgery 
was successfully performed in all patients.

There were no cases of intraoperative complications such 
as capsular rupture or lens dropout. There were no postop-
erative complications. Postoperative visual acuity in operated 
eyes improved throughout follow-up (Tab. I).

Based on the surgeon-specific questionnaire results, the 
surgeon indicated that the endoillumination lighting  markedly 
enhanced the perception of depth and caused a 3D effect 
and enhanced the details of the lens structures, especially 
the posterior capsule (Tab. II). Phacoemulsification was per-
formed without difficulty under endoillumination. Excellent 
visualization with very good details of the posterior capsule 
were an advantage during cataract extraction. At 3 months 

Fig. 1 - Cataract extraction using oblique endoillumination. (A) 
Sculpting of the nucleus using the divide and conquer technique. 
(B) Note the enhanced 3D quality of the images. (C) Nucleus extrac-
tion. (D) The lateral illumination facilitates surgery. (E) Placement of 
instrument and oblique endoillumination during cortex extraction. 
(F) Note the 3D effect of the release tissue during cortex extraction. 
(G) Placement of instruments and oblique endoillumination during 
capsule polishing. (H) Note the 3D effect during capsule polishing.
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tABLE I - Postoperative visual acuity in eyes that underwent cataract surgery with endoilluminator-assisted lighting

Patient Sex Age, y Preop VA Postop VA VA 3 months VA 6 months VA 12 months

1 Male 56 1.00 0.40 0.18 0.18 0.18
2 Female 63 0.90 0.60 0.60 0.40 0.40
3 Female 57 0.88 1.00 0.70 0.60 0.60
4 Male 65 1.00 0.70 0.70 0.54 0.60
5 Female 58 0.88 0.88 0.70 0.60 0.54
6 Male 53 1.00 0.88 0.88 0.88 0.70
7 Male 70 1.00 0.70 0.60 0.54 0.54
8 Male 68 0.88 0.60 0.60 0.54 0.40
9 Female 71 1.00 1.00 0.88 0.60 0.40
10 Male 54 0.90 0.70 0.54 0.54 0.18
11 Male 63 1.00 0.70 0.40 0.40 0.40
12 Male 59 0.80 0.60 0.60 0.60 0.60
13 Female 72 1.00 0.80 0.80 0.80 0.80
14 Male 77 1.00 0.88 0.70 0.60 0.54
15 Female 68 0.90 0.70 0.70 0.54 0.60
16 Male 75 0.90 0.88 0.50 0.50 0.50
17 Female 62 1.00 1.00 0.88 0.60 0.40
18 Female 59 1.00 0.70 0.70 0.54 0.60
19 Male 66 0.90 0.60 0.60 0.40 0.40
20 Male 71 0.90 0.60 0.60 0.54 0.40

VA = visual acuity.

tABLE II -  Comparison of the perception of the surgeon in the dif-
ferent phases of the surgery with the use of coaxial light-
ing and lateral endoillumination

Coaxial  
illumination

Lateral  
illumination

Capsulorhexis ++ +
Nucleus fragmentation + +++
Cortex aspiration + +++
Posterior capsule visualization + +++

Mean gradings are based on a surgeon-specific questionnaire.
+ = Average; ++ = good; +++ = excellent.

postoperatively, the posterior capsule remained intact and 
the intraocular lens was stable in the bag in all patients.

Discussion

This study presents a technique to enhance the 3D view 
produced by coaxial illumination by increasing the depth of 
field during cataract surgery with oblique endoillumination. In 
this technique, a laterally placed 23-G endoilluminator probe is 
inserted into the anterior chamber through a paracentesis. To 
our knowledge, this is the first report of a comparison of this 
technique to conventional microscope coaxial illumination.

Anterior chamber endoillumination is used to introduce the 
concept of enhanced 3D perception and increase the depth of 
field intraoperatively to enhance visualization and resolution of 
the structures and details of the crystalline lens. Jung et al (5) 
used a surgeon-controlled intracameral illumination for visual-
ization during combined cataract surgery and 23-G vitrectomy. 
They realized that oblique intracameral illumination minimized 
the amount of corneal scatter and reflection of the illuminating 
light and provided high-quality intraoperative lens images for 
the majority of the surgical steps (5). However, Jung et al (5) 
did not mention the 3D quality of images and increased depth 
of field as we reported in the current study.

Coaxial illumination during traditional cataract phaco-
emulsification surgery uses light reflected from the lens struc-
ture, producing images with somewhat limited perception of 
depth, which can be improved. This technique results in a loss 
of detail of the nucleus trench. More importantly, without 
the sense of depth, there is greater risk of posterior capsule 
rupture during surgery. Lateral illumination has the property 
of showing depth and texture, which is advantageous during 
surgery. In the current study, coaxial illumination from the 

 microscope did not allow 3D perception of the intraocular 
anatomy. On the other hand, the surgeon subjectively per-
ceived that the depth of field increased with lateral illumi-
nation. Some authors have suggested that the 3D effect can 
only be obtained by lateral illumination outside the anterior 
chamber (6). However, our study indicates that oblique en-
doillumination by entering the anterior chamber allows depth 
perception and excellent observation of the lens fragments 
and posterior capsule. Additionally, there is the perception of 
depth during sculpting, fragmentation, and posterior capsule 
polishing, lowering the risk of complications. This is notable, 
because we are proposing the quality of the surgical field as 
an advantage in routine cases, not only in cases with a poor 
red reflex or hazy media as previously proposed (4, 7-9).

The endoilluminator-assisted technique was first described 
in a patient with an intumescent cataract (10). Subsequently 
it has been described in a patient with a corneal opacity (11). 
Oshima et al (12, 13) and Jang et al (14) invented a 27-G and 
23-G chandelier endoilluminator, respectively, and described 
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a technique using a 25-G transconjunctival chandelier endoil-
luminator through the pars plana for cataract surgery in pa-
tients with severe bullous keratopathy. A disadvantage of this 
technique is the additional endoilluminator exposure that is 
required may have a phototoxic effect on the retina (15).

Nichamin (16) designed an infusion cannula to enhance 
visualization when performing a bimanual anterior chamber 
vitrectomy. Kim et al (17) used endoillumination to enhance 
the red reflex during posterior capsule polishing. In contrast, 
we used the endoilluminator as a chopper as well as an im-
age quality and depth perception enhancer during surgery, 
improving the cataract extraction technique.

Cataract extraction techniques have been performed us-
ing microscopes with coaxial light sources taking advantage 
of good red reflex, producing images with limited depth per-
ception, making phacoemulsification more difficult. In most 
cases, a good red reflex is present only prior to hydrodis-
section.  Following hydrodissection, hydrodelineation, and 
nucleus rotation, the red reflex is typically lost. At this point, 
it becomes very difficult to perceive depth and the contours 
of nuclear fragments with only a coaxial beam (18). Lateral 
illumination can dramatically increase contrast of and within 
the lens compared to coaxial illumination. During phacoemul-
sification with conventional coaxial illumination, the relief of 
lens structure is not visible and the details are very difficult to 
distinguish using a red reflex. However, contrast is dramati-
cally enhanced with lateral illumination with a 23-G endoil-
luminator, allowing depth perception and greater resolution 
of lens details.

The advantage of lateral illumination is that the images 
are realistic and the sense of depth allows the surgeon to 
easily appreciate the distance within the lens. Additionally, 
in the current study, the surgeon indicated that oblique il-
lumination facilitated better posterior capsule polishing com-
pared to coaxial illumination. For example, it was much easier 
to appreciate any remaining cortex and the posterior capsule 
with oblique illumination. The surgeon also noted that the 
details in the posterior capsule and the vitreous that were 
not visible with coaxial illumination are resolved with oblique 
illumination.

To our knowledge, there is no comparison in the English-
language peer-reviewed literature of coaxial microscope 
lighting to oblique/lateral lighting with an endoilluminator 
during phacoemulsification surgery. Here we documented 
the advantages and superiority of oblique lighting with an 
endoilluminator during the various steps of cataract surgery. 
The loss of depth perception with coaxial microscope illumi-
nation makes for a more challenging surgery than oblique il-
lumination within the anterior chamber.

In conclusion, the lateral illumination technique with a 
23-G endoilluminator probe located in the anterior cham-
ber through a paracentesis creates 3D image quality and 
increases depth of field during phacoemulsification surgery 
that effectively assists the surgical maneuvers, especially re-
moval of the nucleus and cortex, improving surgical control to 
preserve the integrity of the posterior capsule during phaco-
emulsification. The lateral light source improves resolution of 
depth perception of the lens structures, reducing the techni-
cal challenges and decreasing the risk of intraoperative com-
plications during phacoemulsification cataract surgery.
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