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1The History of the Bag-in-the-Lens 
Implant

Marie-José Tassignon

1.1  Introduction

Back in 1999, I had the honor of meeting Sir Harold Ridley in Stockholm on the 
occasion of the European Society of Ophthalmology (SOE) meeting. He and his 
wife Elisabeth were guests of honor at the European Society meeting. I hoped to 
take advantage of this opportunity to discuss the concept of the bag-in-the-lens. 
Given that he was about 90 years of age, I realized that this was a “mission impos-
sible” and felt satisfied with a picture in his company (Fig. 1.1). I wanted to explain 
some thoughts that I had on modifying, very slightly, his original design, which was 
round with a small edge surrounding the lens optic (Fig. 1.2). In the original draw-
ings and publications [1–2], the Ridley lens was clearly intended to be positioned 
within the capsular bag and to fill this bag as much as possible. However, I still had 
the question of why such funny edges were placed at the periphery of the lens optic. 
My idea was to make that edge longer and to extend it out from both the anterior and 
posterior surfaces of the lens optic. This would create a groove between the flanges 
that could accommodate both the anterior and posterior capsules.

David Apple, professor of ophthalmology and pathology at Moran Eye Center, 
Salt Lake City, Utah, USA, dedicated a lot of his time to writing a bibliography of 
Harold Ridley [3]. He traveled to England many times to meet Sir Harold Ridley, 
not just as a colleague but as a personal friend. He was eager to hear the master 
describe his account of the discovery of the intraocular lens that would revolutionize 
cataract surgery worldwide in person.

In Chap. 11 of David Apple’s book [3], Harold Ridley reported secondary cata-
ract and lens “decentration” as “modern” cataract surgery’s most common 

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-03086-5_1&domain=pdf
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Fig. 1.1 With Harold Ridley and his wife Elisabeth at SOE in Stockholm 1999

Fig. 1.2 Harold Ridley’s 
first IOL design, manufac-
tured by RaynerR, UK
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postoperative surgical complications. The quest to solve these problems with the 
bag-in-the-lens began there.

Charles Kelman was a dear friend and mentor to me. He supported me on my 
quest to write the patent on the bag-in-the-lens and invited me, every year, to be a 
speaker at the “French Phaco courses,” organized in New York. The aim of these 
French Phaco courses was to disseminate his message about the superiority of the 
phaco technique to the international community of French-speaking ophthalmolo-
gists in the USA. Charles Kelman spoke fluent French, since he spent many years in 
a French-speaking canton in Switzerland. He put me in contact with his attorney, 
who helped me in the administrative follow-up of the BIL patent which was issued 
in February 2000 [4]. It was remarkable to remember, from Charles Kelman’s oral 
presentations, that although the phaco technique improved the surgical outcome 
dramatically, the most frequent complications remained. These included (Fig. 1.3):

 1. Opacification of the lens capsular bag, which was ultimately referred to as pos-
terior capsule opacification or PCO

 2. Loss of accommodation (interest in restoring accommodation became reality 
starting from the mid-1990s on)

More than 40 years after the introduction of the first intraocular lens implantation 
and the advent of the phaco technique, PCO was still the most common complica-
tion after cataract surgery until Daniele Aron-Rosa [5] and Franz Fankhauser [6] 
came up with the disruptive Q-switched Nd-YAG laser, to mechanically open the 
opacified capsular bag. I knew Daniele Aron-Rosa as an excellent scientist with a 
warm personality. She was also very interested in art, and one of her hobbies was 

Fig. 1.3 With Charles Kelman in New York, 1998

1 The History of the Bag-in-the-Lens Implant
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painting. Her artist’s name is Genskof, and I was fortunate to receive one of her 
paintings through a common friend, Dr. René Trau, in 2003 (Fig.  1.4). Franz 
Fankhauser’s Q-switched Nd-YAG laser machine presented more treatment options 
than that of Aron-Rosa, and although I was not directly connected to him, he inspired 
me to use the laser to treat vitreal problems like premacular hemorrhages and float-
ers. The latter is now drawing a great deal of attention in ophthalmological practice, 
and while I will not elaborate on that topic here, I am of the opinion that floaters are 
very important in cataract surgery, particularly when using complex optics such as 
multifocal IOLs. The quality of the image, as perceived by the patient, will be influ-
enced negatively by the presence of floaters.

Even though Nd-YAG laser capsulotomy was a real leap forward in modern cata-
ract surgery, the effect of the foreign body reaction of the intraocular lens biomate-
rial on the capsular bag had not yet been solved. Our department showed that while 
performing a YAG laser could clear the visual axis, a significant amount of higher- 
order aberrations remained which indicated that Nd-YAG treatment did not provide 
as good an image, as there had been no PCO at all. We demonstrated that the inci-
dence of ocular aberrations decreased but remained quite high compared to the 
immediate postoperative measurements [7]. Patient’s quality of the image is, there-
fore, still suboptimal following Nd-YAG laser capsulotomy, even if the visual axis 
is optimally transparent to light. It became clear to me that while visual acuity can 
be excellent, patients may still suffer from a poor but sufficient “quality of vision.” 
This new concept plays an important role when trying to understand why patients 
are unhappy after an uneventful cataract surgery and an implantation of an intraocu-
lar lens with complex optics.

a b

Fig. 1.4 (a) With Daniele Aron-Rosa in 2003 and (b) one of her paintings signed Genskof of that 
same period
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1.2  BIL Concept

The BIL intraocular lens is “suspended” by the lens capsule, while the intraocular 
lens is inserted into the capsule bag (Fig. 1.5a) in the lens-in-the-bag method. At the 
core of the bag-in-the-lens principle is the sequestration of the lens epithelial cells 
of the inner plane of the anterior lens capsule and of the equatorial area of the crys-
talline lens into the sealed lens capsule (Fig. 1.5b, (a and b)). The area of contact of 

a

b

c

Fig. 1.5 Differences in concept in (a) the lens-in-the-bag in which the intraocular lens is inserted 
into the capsule bag and (b) the bag-in-the-lens implantation techniques where an anterior and 
posterior capsulorhexis is performed of similar size (a) in order to insert both together into the lens 
groove surrounding the lens optic (b). (Drawings made by R. Leysen)

1 The History of the Bag-in-the-Lens Implant
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the capsule bag (and accompanying lens epithelial cells) with the biomaterial of the 
intraocular lens is very large in the traditional lens-in-bag approach, while the con-
tact of the biomaterial with the lens capsule is reduced to the lens groove with the 
bag-in-the-lens method. This major difference explains why the lens epithelial cells 
undergo very little metaplasia into myofibroblasts in the bag-in-the-lens implanta-
tion technique.

George Duncan from Norwich University (UK) and later on Michael Wormstone 
(Norwich, UK) spent a lot of their careers in exploring the mechanism behind 

Fig. 1.6 Technical drawing made by Rudi Leysen for the US patent application of the bag-in-the 
lens

M.-J. Tassignon
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PCO [8]. Based on their studies, it became clear to me that the lens epithelial cells 
are very potent cells. The message was to keep them far away from cytokines or 
any other proteins that could trigger their transformation into myofibroblasts, caus-
ing fibrotic reaction and contraction of the capsular bag, while the lens epithelial 
cells keep the capsular bag flexible and transparent under normal physiological 
circumstances.

The idea of the bag-in-the-lens design came to me as I was listening to George 
Duncan’s lecture in Amsterdam in 1997. I sketched out a drawing on a napkin, and 
I tried to explain the principle to Jan Worst and Albert Galant during a coffee break. 
Unfortunately, neither of them paid much attention to the concept. As I was travel-
ing home by train, I sketched out the draft in greater detail, and the next day, I gave 
it to my very dear and close friend and co-worker Rudi Leysen (medical photogra-
pher at the department of the Antwerp University Hospital). He came up with the 
first technical drawing which I used for the US patent application (Fig. 1.6).

1.3  The Space of Berger

I knew about the different compartments of the vitreous body [9] based on the work 
of Jan Worst from Groningen, the Netherlands (Fig. 1.7), and more specifically of 
the presence of the space of Berger [10]. The space of Berger was first described by 

Fig. 1.7 With Prof. Jan Worst at ESCRS meeting in Vienna in 1999

1 The History of the Bag-in-the-Lens Implant
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the ophthalmologist Emil Berger from Graz, Austria. In his thesis, he made a draw-
ing of this area located behind the crystalline lens and beautifully showed how the 
crystalline lens is completely immersed in water (Fig. 1.8). This space is extremely 
important to the bag-in-the-lens concept since it accommodates the posterior haptic 
flange of the lens. The total diameter of the posterior bag-in-the-lens flange haptic 
is, therefore, no larger than 7.5 mm since the space of Berger in adults is typically 
about 8–9 mm wide.

We will elaborate more on the importance of this space later in this book as well 
as on the new discoveries we have been able to make based on our clinical observa-
tions while performing a primary posterior continuous circular capsulorhexis rou-
tinely in adults and in children [11].

1.4  Conclusion

This book covers 26 years of research, which coincides with my 26-year chairman-
ship of the department of ophthalmology of the Antwerp University and of the 
Antwerp University Hospital in Belgium. Prior to this research, I was very active in 
discovering the effect of lasers on the retina and the vitreous, which was the topic of 
my PhD thesis defended in Leiden University in 1990. My best man at my PhD 
defense was Dr. Nikolaas Stempels, a young staff member at the University of 
Brussels at which I was senior staff at that time. I must thank him for his very sup-
portive role and the many evenings we spent together in brainstorming about the 
most challenging ideas in the field of ophthalmology.

I have been lucky enough to have met some giants in ophthalmology. They have 
helped me in finding the answers I was looking for.

Ihk Vk Vk Ch

Zi Hy Plr

Fig. 1.8 Drawing by Emil Berger of the space defined between the posterior capsule and the 
anterior hyaloid, later on referred to as the space of Berger. (p 29–30 of Ref. [8])

M.-J. Tassignon
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At Antwerp University, I was blessed to be surrounded by staff who never fal-
tered in their belief in this novel idea of the bag-in-the-lens. They were instrumental 
in co-conducting the laboratory and clinical research which generated the reputation 
of scientific excellence that accompanied this endeavor throughout. I will always be 
extremely thankful to Veva De Groot, Ilse De Veuster, Jan Van Looveren, Stefan 
Kiekens, Luc Van Os, and Sorcha Ní Dhubhghaill.
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2Advantages of the Bag-in-the-Lens 
Implant

Sorcha Ní Dhubhghaill

2.1  Introduction

The bag-in-the-lens (BIL) implant was originally designed with the goal of prevent-
ing posterior capsular opacification (PCO) in the paediatric population for which 
the management of secondary cataract can be challenging [1]. Once the concept was 
proven in paediatric cases [2], the technique was also validated in adults in accor-
dance with the European ISO normative standards [3]. The surgery includes a num-
ber of extra steps that are not required in standard cataract surgery, such as a 
calibrated anterior capsulorhexis and a posterior capsulorhexis.

These additional steps also confer an extra learning curve and as such can incur 
risks. We have to look this technique’s advantages when we consider whether these 
extra steps and learning curve are worth the additional effort. The aim of this chap-
ter is to provide an overview of the features of the BIL that convinced us to under-
take the learning curve and led us to adopt it as our lens of choice for cataract 
surgery (Fig. 2.1).

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-03086-5_2&domain=pdf
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2.2  Indications for a BIL

The implantation of a BIL is possible in most cases of cataract surgery as an alterna-
tive to the standard in the bag approach. We use this lens for all standard cataract 
cases. There are cases for which additional care must be taken, however. Patients 
with a small iris, history of trauma or zonular weakness all require extra care.

2.3  Advantages of the BIL

The first main advantage of the lens is the prevention of PCO.  When correctly 
implanted, the lens design mechanically prevents the normal migration of lens epi-
thelial cells over the posterior surface of the intraocular lens [4]. When I present this 
technique publicly, I say that I have no financial interest in the lens, but it goes fur-
ther than that. As a result of this lens, I perform very few Nd:YAG capsulotomies, 
so in fact, the BIL reduces my income from laser treatments and could be consid-
ered a financial disinterest. I do not mind this though. The prevention property of the 
lens is particularly useful in younger patients, diabetics, uveitis patients and chil-
dren, who are extremely prone to developing PCO. While performing a laser capsu-
lotomy is not difficult in a standard case, young patients or those with mental 
retardation may not be so simple to laser.

The invention of the anterior capsulorhexis was a great improvement over the 
previous “can-opener” openings, but the smooth rhexis was also associated with the 
proliferation of anterior lens epithelial cells (A-LECs) causing contraction; this had 
not been observed in the previous capsular opening techniques. In its most exagger-
ated form, it causes extreme reduction and malpositioning of the capsular opening 
and can cause displacement of the IOL and retinal detachment [5]. Capturing the 
anterior rhexis in the BIL groove confines the fibrotic changes and mechanically 

Fig. 2.1 The BIL implant 
in situ with a schematic 
overlay of the lens in profile
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prevents contraction and rhexis phimosis. The fibrotic reaction also tends to be 
“sticky” and holds the lens in place, and, as a result, the lens remains well-centred 
[6] and is resistant to rotation [7, 8].

Another interesting feature of the lens design is that there are no haptics in the 
capsular bag. This makes the lens very simple to disengage from the bag in the event 
of an explantation. Despite the fact that the posterior capsule has been opened dur-
ing the PPCCC, exchanging the lens is one of the simplest and easiest lens explanta-
tion techniques. This is an advantage in cases for which the refractive outcome is 
difficult to guarantee. In our centre, we find it particularly useful in cases of kerato-
conus or post-radial keratotomy where even the best predictive formulae can still 
result in refractive surprises. In these cases, laser correction of the residual refrac-
tive error is difficult; exchanging the lens is the easiest approach in this case.

In the future, we hope to see a multifocal lens version come to market. This 
would yield the advantage of preventing PCO, which can have a very significant 
effect on the multifocality of the lenses. It would also allow easy exchange. An 
overview is provided below (Table 2.1):

2.4  Limitations of the BIL

There must still be some residual capsular support in order to implant a BIL. If there 
is no capsular bag whatsoever, a BIL should not be implanted, and alternative meth-
ods of IOL fixation should be considered. Moreover, the benefits of PCO prevention 
are not relevant when there is no capsule. The capsular bag support does not have to 
be perfect though. While both capsulorhexes are preferred, the BIL only requires 
one capsulorhexis, either anterior or posterior, to support it. So, should one rhexis 
run out or tear, the lens can still be used.

The implantation of the lens is more complicated than that of a typical lens-in-
the-bag, and as a result, there is an associated learning curve. The size and position 
of the capsulorhexis are key and can be quite unforgiving. Too small a capsulorhexis 
and the lens will be difficult to implant and will require a bimanual implantation 
technique or risk damaging the zonular suspension. Too large a rhexis and the lens 
will be at risk of rotation and dislocation. This can take a number of repetitions 

Table 2.1 Pros and cons of the BIL technique

Pros Cons
No PCO, cases where Nd:YAG is difficult Nd:YAG capsulotomy is not 

difficult
No phimosis Learning curve
Remains centred More steps
Does not tend to rotate Zonular injury
Safe to perform PPCCC Is PPCCC not risky?
Easy to exchange
Useful in cases where refractive outcomes are not guaranteed, 
e.g. keratoconus or post-RKs

2 Advantages of the Bag-in-the-Lens Implant
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before it becomes intuitive. There are also postoperative risks seen with the BIL that 
do not occur with other implants. The BIL groove can trap the iris postoperatively, 
and a painful pupil block can occur if the iris becomes completely incarcerated.

2.5  Core Messages

The bag-in-the-lens implant can confer a number of advantages over the standard 
lens-in-the-bag approach. It is more difficult, however, and it requires a higher 
degree of technical precision, but when you see the lens in situ, years after the pri-
mary implantation, it is very satisfying to see how clear and stable it is.

The aim of this book is to help new BIL users to tap into the experience of estab-
lished users, to reduce risks and complications and to shorten the learning curve 
associated with this technique.
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3Histopathological Aspects of Bag-in-the- 
Lens Implantation

Liliana Werner

3.1  Introduction

This chapter involves the description of the histopathological features of six human 
eyes implanted with the foldable, hydrophilic acrylic bag-in-the-lens (BIL), obtained 
postmortem at different postoperative times from four patients. Pathological analy-
ses confirmed the concept of the BIL design in that residual proliferative/regenera-
tive material remains confined to the intercapsular space of the capsular bag remnant 
outside the optic rim.

The “bag-in-the-lens” (BIL) concept, developed by Dr. Tassignon in Belgium, 
completely changes the relationship between the intraocular lens (IOL) and the cap-
sular bag, eliminating the contact between the lens and the inner surface of the latter 
[1–9]. It involves the use of a twin capsulorhexis lens design and the performance 
of anterior and posterior capsulorhexes of the same size. When both capsules are 
well-stretched around the optic of the lens, any remaining lens epithelial cells 
(LECs) will be captured within the remaining space of the capsular bag, and their 
proliferation will be limited to this space; in so doing, posterior capsule opacifica-
tion (PCO) will be prevented. We had the opportunity to receive a series of six 
human eyes obtained postmortem in our laboratory at the Moran Eye Center, from 
four patients who received BIL implantation at different time points before their 
death [10, 11]. This chapter’s purpose is to describe the histopathological findings 
of this series, which helps in providing a better understanding of the effect of BIL 
implantation on the human eye.

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-03086-5_3&domain=pdf
mailto:liliana.werner@hsc.utah.edu
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3.2  Patients

Table 3.1 summarizes the characteristics of the patients included in this analysis. All 
patients received BIL implantations in Belgium, performed either by Dr. Tassignon or by 
her associates. For two of the four patients, the implantation of the BIL was performed 
bilaterally, and so both eyes were analyzed. The patients were aged 74.6 ± 12.6 years at 
implantation. The postoperative time in this series ranged from 4 to 39 months.

3.3  Surgical Procedure for BIL Implantation

A ring-shaped caliper was used to assist with the anterior capsulorhexis sizing and cen-
tration, according to previously described techniques for BIL implantation [8]. Eye 
numbers 1, 2, and 6 were implanted by a surgeon experienced with BIL implantation, 
and eye numbers 3 and 4 were implanted by a surgeon who was moderately experienced 
with BIL implantation at the time of surgery. The procedures for all eyes, save for num-
ber 5, were uneventful. The procedure in eye number 5 was initiated by a fellow at the 
beginning of his learning curve at the time of surgery. During the procedure, the anterior 
capsulorhexis tore off temporally, and the procedure was completed by an experienced 
surgeon. BIL implantation was still possible although in a relatively decentered position, 
given that the posterior capsulorhexis was intact. Clinical BIL decentration was insig-
nificant in all eyes for which the surgical implantation was uneventful postoperatively. 
In eye number 5, a relative lens decentration was observed postoperatively, but without 
clinical significance as this was a monofocal, spherical lens. The BIL’s special design 
renders its centration and postoperative stability primarily dependent on the position of 
the two capsulorhexes, and eye number 5 illustrates this fact well.

Table 3.1 Characteristics of the patients included in this analysis

Patient 
#

Eye 
#

Age at 
implantation Gender

Date of 
implantation

Date 
of 
death

Postoperative 
time

Cause of 
death

1 1 
(OD)

86 Male 5-Jun-07 12- 
Oct- 07

4 months Lung cancer

2 2 
(OD)

59 Female 13-Apr-06 5-Jul- 
08

27 months Breast 
cancer

3 3 
(OD)

66 Female 20-May-05 12-Jul- 
08

38 months Ovarian 
cancer

3 4 
(OS)

65 Female 11-Apr-05 12-Jul- 
08

39 months Ovarian 
cancer

4 5 
(OD)

86 Female 23-Apr-08 2-Feb- 
09

9 months Diabetes 
type II/
severe aortic 
valve 
stenosis

4 6 
(OS)

86 Female 23-Apr-08 2-Feb- 
09

9 months Diabetes 
type II/
severe aortic 
valve 
stenosis

L. Werner
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3.4  Ultrasound and Macroscopic Analyses  
of Enucleated Eyes

Upon the patients’ deaths, the eyes were enucleated and sent to the John A. Moran 
Eye Center, University of Utah, for analysis; they were immersed in 10% neutral- 
buffered formalin. After gross inspection, each eye underwent scanning under a 
high-frequency ultrasound system (Artemis, Ultralink) to assess BIL centration and 
fixation. In each case, ultrasound examination revealed the presence of a well- 
fixated, well-centered IOL located at the level of the capsular bag (Fig. 3.1a) save 
for eye number 5; the BIL in eye number 5 appeared slightly decentered (Fig. 3.1b).

a

b

Fig. 3.1 High-frequency ultrasound scans of two of the eyes implanted with the bag-in-the-lens 
and obtained postmortem. (a) Eye #2. (b) Eye #5

3 Histopathological Aspects of Bag-in-the-Lens Implantation
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Each eye was then sectioned at the equator, and the gross examination of the 
anterior segment was performed from a posterior or Miyake-Apple view (Fig. 3.2). 
Gross examination confirmed the presence of the overall circular IOL, with ante-
rior and posterior capsule openings well-stretched around the lens optic. Fibrosis 
of the rhexis edges was observed, in eye numbers 2–4 more prominently so (post-
operative time, 27–39 months). The overall round shape of the capsular bag was 
maintained in each case, without any distortion or ovalization. The central area 
delimitated by the rhexis openings remained perfectly clear in all eyes. In eye num-
ber 1 (postoperative time, 4  months), three patches of regenerative/proliferative 
whitish material were observed in the equatorial region of the capsular bag (begin-
ning of Soemmering’s ring formation). The capsular bag was otherwise clear. The 
bag was also mostly clear in eye numbers 5 and 6 (postoperative time, 9 months). 
More significant Soemmering’s ring formation was observed in eye number 2 

a

d e f

b c

Fig. 3.2 Gross photographs from the posterior or Miyake-Apple view of the six eyes implanted 
with the bag-in-the-lens and obtained postmortem. (a–f) Eye #1 through #6, respectively

Table 3.2 Analyses of the bag-in-the-lens centrationa

Eye 
#

Capsular bag 
diameter

Average space in the periphery of 
the capsular bag

Decentration in relation to the 
capsular bag

1 9.52 2.26 0.033
2 9.78 2.39 0.161
3 9.62 2.31 0.301
4 9.71 2.36 0.157
5 9.12 2.06 0.721
6 9.00 2.25 0.166

aQuantified with the Matlab 6.5 program (MathWorks). Measurements in mm

L. Werner
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(postoperative time, 27 months), occupying approximately 1/2 of the periphery of 
the capsular bag. Abundant Soemmering’s ring formation was observed for 360° in 
the capsular bag of eye numbers 3 and 4 (postoperative time, 38 and 39 months).

Gross photographs were imported into a custom computer program in Matlab 6.5 
(MathWorks), for assessment of the BIL centration in relation to the capsular bag 
periphery done by Dr. Tassignon’s group [7]. Circles that were concentric with the 
capsular bag periphery were projected onto the photographs, and the center of each 
circle was calculated and marked. An analysis of centration is shown in Table 3.2. 
As expected, decentration was more observed in eye number 5 (Table 3.2).

3.5  Microscopic (Histopathological) Analyses  
of Enucleated Eyes

The anterior segment of each eye that contained the BIL was then prepared for his-
topathological examination, and histopathological sections stained with Masson’s 
trichrome stain were analyzed under an Olympus light microscope. Histopathological 
sections passing through the center of the capsular bag showed anterior and poste-
rior capsule openings directed to the groove at the periphery of the lens (Fig. 3.3a, 
b). In this configuration, any regenerative/proliferative material would remain 

BIL

a b

c d

BIL

BIL
BIL

Fig. 3.3 Histopathological sections cut from two of the eyes implanted with the bag-in-the-lens 
and obtained postmortem. (a, b) Eye #6. The arrows show anterior and posterior capsules directed 
to the groove of the bag-in-the-lens (BIL). Masson’s trichrome stain; original magnification X20. 
(c, d) Eye #3. The arrows show the sites of adhesion between anterior and posterior capsules, 
mediated by fibrocellular tissue at the inner surface of the anterior capsule. Masson’s trichrome 
stain; original magnification X40

3 Histopathological Aspects of Bag-in-the-Lens Implantation
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confined to the intercapsular space of the capsular bag remnant outside the optic 
 rim/groove, which was observed in the gross analysis of the eyes and confirmed by 
histopathological evaluation. Cortical material and pearls were found within the 
Soemmering’s ring formation (Fig. 3.3c, d). A tissue composed of LECs and fibro-
sis was present on the inner surface of the anterior capsule, apparently mediating 
adhesion between anterior and posterior capsules at the rhexis sites (more clearly 
observed in eye numbers 2–4; Fig. 3.3c, d).

3.6  Implications of Histopathological Findings to BIL 
Implantation

It appears that a fibrocellular tissue developed during the first postoperative year on 
the inner surface of the anterior rhexis margin (rhexis fibrosis), which mediated 
adhesion between anterior and posterior capsules at that site, inside the IOL groove 
(Fig. 3.3c, d). This probably helped to enhance the postoperative stability of the lens 
and the confinement of any regenerative/proliferative material to the capsular bag’s 
remaining space.

The results described in this chapter confirm previous studies on preclinical stud-
ies (in vitro studies using both a human capsular bag model and studies in rabbit 
eyes) [1, 2, 9], as well as clinical evaluation of the BIL in adult and pediatric eyes 
[4–8]. BIL implantation was highly effective in preventing PCO in all studies when-
ever the anterior and posterior capsules were properly secured in the peripheral 
groove of the IOL.

In conclusion, the evaluation of the postmortem eyes described here, which rep-
resent unique specimens, confirmed the BIL concept. The decentration of the lens, 
in relation to the center of the capsular bag, was insignificant but can be improved 
by new alignment devices. Any proliferative/regenerative material remains confined 
to the intercapsular space of the capsular bag remnant outside the optic rim.
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4The History of the Anterior Interface

Marie-José Tassignon

4.1  Introduction

I designed the bag-in-the-lens (BIL) implant based on the anatomical characteristics 
of the anterior interface. Having been a pupil of Jan Worst (Chap. 1), I assumed that 
the anterior interface anatomy was well known to everybody, but I was totally 
wrong. Although the structure and anatomy of the posterior interface are very well 
known, the anterior interface remains enigmatic for most ophthalmologists. The 
history of its discovery is very exciting and of paramount importance to fully under-
stand the core of the BIL implantation technique. What is unknown tends to be 
feared, and this is certainly the case for the retrolenticular space.

Ophthalmologists in training are taught never to touch the posterior capsule, and 
this message has been given to them in a quite dogmatic way by their tutors. We 
have all experienced the quick prolapse of the vitreous, as soon as the posterior 
capsule is accidentally damaged by any inadvertent or inappropriate movement. We 
also know that its occurrence is often due to anatomical surprises or personal dis-
traction or technical issues. It is difficult to change dogmas, but in the course of my 
career, I have made progress in convincing colleagues that the retrolenticular space 
is not a black box to be avoided.

The key point is that a planned capsulorhexis is completely different to an acci-
dental tear. Vitreous prolapse will not occur when the posterior capsule is opened in 
a surgeon-controlled way, as described elsewhere in this work (Chap. 8). I would 
like this idea to replace the previously widespread dogma about the oft-eared poste-
rior capsulorhexis.

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-03086-5_4&domain=pdf
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We measured the fluorescein leakage 24 h after cataract surgery in three groups 
of patients who had uneventful surgeries, with a lens-in-the-bag implantation, a 
planned PPCCC with a lens-in-the-bag implantation, and a complicated posterior 
capsule tear with vitreous prolapse and consequent anterior vitrectomy followed by 
a lens-in-the-bag implantation. The same pattern of fluorescein diffusion was mea-
sured in eyes without PPCCC and in eyes with planned PPCCC by using the fluoro-
photometer. However, as soon as vitreous prolapse occurred in complicated cataract 
surgery, fluorescein diffusion into the posterior segment of the eye increased dra-
matically [1]. The destruction of the anterior vitreous is, therefore, the cause of 
increased interaction between the anterior and posterior segments of the eye. The 
ocular barriers are functional as long as the anterior hyaloid remains intact.

Thousands of PPCCCs have been performed by many ophthalmologists world-
wide. Although the technique has survived since its introduction in 1990 [2], the 
fear of performing a surgeon-controlled posterior capsulorhexis still remains. Some 
leading ophthalmologists have claimed that the posterior capsulorhexis is unsafe 
and have condemned the technique in books, papers, and magazines. But, why is it 
then recommended in pediatric cataract and even by the same ophthalmologists who 
claimed that PPCCC was dangerous? Is it not strange that an allegedly unsafe act is 
actively promoted for children’s eyes?

The only way to convince our colleagues is to teach them about the anatomy of 
the anterior interface, a still-misunderstood structure by most ophthalmologists in 
the twenty-first century. The anterior interface has a fabulous history. Modern 
knowledge about this space starts in the seventeenth century, and we are still learn-
ing more about it today.

4.2  The Anterior Interface and Related Structures 
Described in Literature (Seventeenth Century 
to Twentieth Century)

Table 4.1 provides an overview of the authors involved in the description of the dif-
ferent structures that define the anterior interface or structures that indirectly relate 
to the anterior interface. I was fortunate enough to have a dear Belgian colleague, 
Dr. Frans Van de Velde, now living in Boston, who had easy access to the libraries 
in order to help me in this search. Not all data have been verified nor can they be 
verified, but most have. I would therefore sincerely like to thank him for his help. 
Many technical drawings of the anterior interface have been made, but many of 
them are wrong. Some confusion in terms and even some incorrect references to 
authors have also been found.

In his thesis “Ueber den Canalis Petiti und ein Ligamentum hyaloideo- capsulare,” 
Germain Wieger [8] described a method by which to color the space of Petit using 
egg white and quicksilver (mercury). He also referred to a French surgeon, Jean- 
Louis Petit, as having discovered the space named after him. This, I believe, was an 
error. Jean-Louis Petit (1674–1750) was a famous military surgeon who specialized 
in bone surgery. His name was given to the anatomical area, the “Petit triangle,” 
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located at the lumbar area. Jean-Louis Petit was not very interested in the eye, but 
François Paufour du Petit was. This anatomist and ophthalmologist was very much 
involved with eye diseases. His name was given to an ocular syndrome that describes 
the opposite features of Horner syndrome. Paufour du Petit, also French and living in 
Paris, was born in the seventeenth century, the same period as Jean-Louis Petit. In 
most textbooks, he is considered to have described “Petit canal.” The confusion 
between both in Germain Wieger’s book is easily forgiven, given that it is under-
standable that both scientists could be confused with one another. At that time, all 
medical doctors were also anatomists, and many structures remained undiscovered.

It is amazing that such a small space, defined as the space between the posterior 
hyaloid zonule and the anterior hyaloid, was discovered in the seventeenth century. 
In his thesis, Germain Wieger wrote how happy he was to have been able to demon-
strate that Petit was correct in his description of that particular canal. In his drawing, 
one of the first of its kind (Fig. 4.1), Wieger filled the space behind the posterior 
capsule with mercury. This area was given the name “fossa patellaris,” and he 
described it as a “lumenlose spatlraum” (empty space). His important contribution 
was to describe the “ligamentum hyaloideo-capsulare,” to which he gave the name 
“ligamentum.” He beautifully described how this structure is made of fibrils 
(Streifchen) that formed a 0.5 mm band. The way Wieger described this ligament 
was more like a meshwork than a tight band. This is a very important observation, 
because a ligament will not allow water to pass through, while a meshwork will. 
Using mercury and egg white, he was incapable of filling the retrolenticular space 
starting from the Petit canal. The substances he used were too heavy to be able to 
pass through that ligament.

A

B

C

E

D

Fig. 4.1 Drawing of the anterior interface as published by Germain Wieger [8]. (a) zonules of 
Zinn, (b) Canalis Petiti, (c) hyaloid, (d) ligamentum hyaloideo-capsulare, (e) Fossa patellaris
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It would be nice to repeat this anatomical dissection by using dyes of much 
smaller molecular sizes. This would prove that the Petit canal and the retrolenticular 
space are in communication with one another. This fluid communication would 
make a great deal of sense in clinical practice and would explain the hydraulic 
mechanism of accommodation driven by the ciliary body. This finding, together 
with the description of Adolph Hannover’s interzonular canal in 1852 [7], corrobo-
rates the hydraulic mechanism. It is obvious that a large amount of aqueous sur-
rounds the crystalline lens, and, therefore, the suggestion that the mechanism of 
accommodation is based on the displacement of aqueous is easy to make. The role 
played by the Wieger ligament, and the integrity of its attachment, might be more 
important regarding accommodation than is currently accepted.

Although Wieger’s thesis is very important regarding the knowledge of the ante-
rior interface, I could find neither his date of birth nor the date of his death. His 
name is often confused with Friedrich Wieger, who wrote textbooks on the history 
of medicine in 1885 at the University of Strasbourg. It is, therefore, very easy to 
confuse both scientists. The name “Weigert’s ligament” is also described in the lit-
erature, which is most probably a typo, transferred from one author to another. The 
internal medicine doctor, Fritz Egger of Switzerland, would later go on to describe 
the hyaloideo-capsulare adhesion, but the name of Wieger still retains the reference 
for that particular structure. The lenticular zonules were described by the German 
anatomist Johann Gottfriend Zinn in the eighteenth century. Though his name is 
more commonly related to the peripapillar annulus of Zinn, it is more commonly 
related to his second passion, the botanical sciences.

The nineteenth century was rich in anatomical discoveries of the eye. Concerning 
the anterior interface specifically, the Italian anatomist Francesco Martegiani 
described the peripapillary area of Martegiani in 1814 [5], which will be related to 
the embryological remnant of the arteria hyaloidea by Jules Germain Cloquet in 
1825 [6]. Later, the German ophthalmologist Jakob Stilling would go on to describe 
the same canalis hyaloidea, but Cloquet’s name remained attached to that structure 
as the reference. The Austrian surgeon and ophthalmologist Otto Bergmeister 
described in 1886 [9] the pathology regarding the uncomplete resorption of 
Cloquet’s canal at the level of Martegiani’s space.

William Frederick Mittendorf (New York, USA) so said described the remnant 
of the anterior intersection of the arteria hyaloidea with the posterior capsule. This 
is referred to as the Mittendorf dot. I did, however, not find any confirmation on 
that description. What we found is that this embryological remnant, is not clini-
cally attached to the posterior capsule, as described in the books. Mittendorf dots 
are still visible after the bag-in-the-lens implantation, which means that the 
Mittendorf dot is not attached to the posterior capsule. Ergellet will give us more 
details about the connection of Mittendorf dot and the Ergellet space (see Chap. 15).

Although the “fossa patellaris” was previously described and colored by Wieger, 
that space would go on to be related to the name of Emil Berger, an Austrian anato-
mist of the eye. Wieger described the fossa patellaris as a “lumenlose Spaltraume” 
(empty space), while Emil Berger described it as a real space in his book in 1887 
[10]. He specifies that the eye that he dissected and described was from a patient 
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who presented “uveitis.” Iris synechiae with the cornea were, therefore, present on 
the anatomical section of Fig. 4.2. This is an important detail since it might be that 
the retrolenticular space, as described by Wieger and Berger, was only visible in 
pathological conditions. This remains to be examined, but it looks like this space is 
indeed only visible in aging eyes, high myopes, and eyes with ocular comorbidities, 
based on our current clinical knowledge and surgical experience. These concepts 
will be elaborated in greater detail in Chap. 15.

I have not yet discovered who first credited the retrolenticular space to Berger, 
whose name is now synonymous with this space. I have to return once more to 
Wieger’s work and to his anatomical dissections. He experimentally described how 
he was capable of detaching the attachments of the ligamentum hyaloideo-capsu-
lare from the posterior capsule. He described the anterior hyaloid detachment 
in vitro for the first time. Later on, this phenomenon could be observed by several 
vitreoretinal surgeons, and we were able to describe it peroperatively by means of 
the OCT [14].

The importance of Fig.  4.3 lies in its correct description of the area behind 
Berger’s space, Erggelet’s space. The German ophthalmologist Heinrich Erggelet 
worked closely together with the Swedish ophthalmologist and Nobel Prize winner 
Alfred Gullstrand. Erggelet used Gullstrand’s newly invented slit lamp to describe 
the space behind Berger’s space. This space is the anterior equivalent of Martegiani’s 
space. Its attachment is not at the level of the posterior capsule but at the level of the 
anterior hyaloid, the posterior delineation of Berger’s space. This is another very 
important observation because it assumes that the posterior capsule is left intact in 
cases of primary fetal proliferation. I looked into these structures very carefully, 

Vk Vk Ch

Cp

Zi Hy Plr

Fig. 4.2 Technical drawing published in Emil Berger’s book in 1887 [10]. vk, anterior chamber; ch, 
canal of Hannover; zi, zonules of Zinn; hy, hyaloid; plr, posterior lenticular space; cp, Petit canal

M.-J. Tassignon



31

ever since operating on babies with PHPV/PFV. In the few cases that I have oper-
ated on, I was able to find the posterior capsule intact and could dissect it from the 
underlying proliferative and vascularized plaque (video 1, Chap. 15). I can, thus, 
confirm that Heinrich Erggelet was correct in his description.

More recently, Jan Worst, a Dutch ophthalmologist from Groningen, colored 
Berger’s space, using a particular dissection method under water. His book, pub-
lished in 1995 [12], gives a very thorough historical overview of the anatomy of the 
vitreous body as a whole.

4.3  Technical Drawings

The three drawings that we have to bear in mind are those by Germain Wieger, Emil 
Berger, and Michel RG, Wilkenson CP, and Rice TA (Figs. 4.1, 4.2 and 4.3). These 
three drawings are complementary and describe all of the named structures, as 
detailed in Table 4.1. They are the most accurate and original drawings that exist. 
Many drawings of the anterior interface were used thereafter, but many of them are 
incomplete or wrong.

Vitreous base

Space of
Erggelet

Space of
Martegiani

Peripapillary
vitreoretinal

adhesion
Fovea

Cloquet’s
canal

Berger’s space

Wieger’s ligament

Fig. 4.3 Technical drawing published in a book by Michel RG, Wilkenson CP, and Rice TA [13]
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5Clinical Variations of the  
Vitreo- lenticular Interface

Marie-José Tassignon

5.1  Introduction

Since the publication of our very first clinical observations about the vitreo- lenticular 
interface [1] using the per-operative OCT coupled to the Lumera Zeiss microscope, 
we have systematically recorded and reviewed our clinical cases in order to apply 
the theoretical knowledge we learned from Chap. 4, entitled “History of the Anterior 
Interface.” It has been a real pleasure for us to look for the named structures of the 
anterior interface as described by our predecessors and to give them the recognition 
that they deserve. This chapter ought, therefore, to be considered as a tribute to the 
scientists of the seventeenth to twentieth centuries who dedicated their time and 
interest to the anterior interface of the eye.

The interest of the ophthalmologists for the anterior interface began with the 
introduction of two new surgical techniques: the optic capture and the bag-in-the- 
lens (BIL). Both techniques have in common that they look behind the posterior 
capsule. The optic capture technique [2] was initially proposed to equip an eye with 
an intraocular lens in adverse conditions, including cases of inadvertent posterior 
capsule rupture or cases with planned PPCCC in combination with an anterior vitrec-
tomy. The BIL technique purposely uses the space of Berger after having performed 
a surgeon-controlled PPCCC. In the optic capture technique, most of the anatomy of 
the anterior interface was “cleaned” effectively by means of an anterior vitrectomy, 
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while the BIL technique respects the anatomical integrity of the anterior interface to 
accommodate both the optic and the posterior haptic of the intraocular lens.

By respecting the anatomical integrity, it was possible to describe the anatomical 
variations of the anterior interface. Fascinated by the images of the lens capsule, imaged 
with the real-time OCT of the Lumera Zeiss microscope, the variations in size and 
shape of the Berger space after cataract surgery became obvious. Fully aware that these 
real-time OCT images were being taken after the removal of the crystalline lens, mean-
ing that the water column of the phaco machine might have played a role in this; it 
certainly illustrates the status of the anterior interface as it is after cataract surgery and 
the eventual implantation of a bag-in-the-lens intraocular lens. The role of these ana-
tomical variations on the final position of the IOL and refractive outcome is unknown 
at present and should be studied in the near future. Variations in this interface could be 
one of the causes for hitherto unexplained postoperative refractive surprises.

In order to study the influence of these variations, it would be very useful to visual-
ize the presence of a detached ligament of Wieger preoperatively. Unfortunately, the 
OCT images acquired with the devices available at present are not of a sufficiently high 
resolution to perform these studies. When the natural crystalline lens is removed from 
the capsule bag and replaced by an intraocular lens, the space that becomes free is very 
important. The crystalline lens typically has a thickness of approximately 4 to 5 mm 
and is replaced by an artificial IOL with a maximum thickness of 1 mm. Even if we 
cannot calculate this space with great accuracy, it is not difficult to imagine that the cili-
ary body will have to compensate this space in one way or another. Figure 5.1 is an 
attempt to illustrate this phenomenon and gives an approximation of the important 
changes in volume that occur in the anterior chamber and the retro-lenticular space 
after cataract surgery. The drawings that will be used in this chapter were all drawn by 
Rudi Leysen, medical photographer at the department of ophthalmology of the 
University Hospital of Antwerp between 1994 and 2016.

2.74 mm

1.03 mm

4.20 mm

2.5 mm

5.24 mm

11.55 mm
9.3 mm

7.5 mm
8.5 mm

Fig. 5.1 Technical drawing of the anterior interface after cataract surgery and BIL implantation
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5.2  Clinical Variations in Anterior Interface as Observed  
by Perioperative OCT

The OCT images and recordings are all taken at the same surgical step during cata-
ract surgery which takes place just prior to performing the posterior capsule punc-
ture and pushing back the anterior hyaloid by means of the OVD, in short:

• ACCC is performed.
• Crystalline lens is removed from the capsule bag.
• Anterior chamber is filled with OVD.
• Anterior and posterior capsule are positioned on the horizontal plane.
• Capsule bag is collapsed (not filled with OVD).

The images are taken on two meridians within a square corresponding to 6 mm. 
This choice is justified by the intention to reduce the artifacts and deformation of the 
scans. The square is then moved to the four cardinal peripheral points, temporal, 
superior, inferior, and nasal, in order to visualize the area in which the ligament of 
Wieger separates the space of Petit from the space of Berger. As soon as OVD is 
injected through the posterior capsule puncture, OCT scans are taken by moving 
more posteriorly in order to be able to observe the posterior displacement of the 
anterior hyaloid.

5.3  The Normal Eye

Figure 5.2 illustrates what we can expect in most cases of adult patients with biometrics 
of emmetropic eyes. The image shows the remnants of the anterior capsule after ACCC 
has been performed. The anterior and posterior capsules are positioned horizontally by 

Fig. 5.2 OCT of an adult eye with biometrical parameters within the normal range. The OCT 
images on the right illustrate the anterior capsule after ACCC, the posterior capsule, and the ante-
rior hyaloid just behind the posterior capsule
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means of the OVD injected into the anterior chamber and counteract the positive pres-
sure of the vitreous. The OCT images show the scans of the horizontal and vertical 
meridian. The videos of that same patient beautifully show the ligament of Wieger sepa-
rating the space of Petit from the space of Berger while moving the scanner (Video 5.1) 
and how the anterior hyaloid is pushed posteriorly while OVD is injected through the 
posterior capsule puncture (Video 5.2). When looking back at Fig. 5.1, we can assume 
that the anterior hyaloid is in fact positioned back to its original place by the OVD.

5.4  The Myopic Eye and Aging Eye

Figure 5.3 illustrates what we might expect in myopic eyes. Prior to both puncturing 
the posterior capsule and to injecting the OVD, the anterior hyaloid is located far 
behind the posterior capsule. The scan is taken at the inferior side of the eye. One 
can easily imagine that the anterior hyaloid will not touch the posterior capsule at 
any point. It might reach the posterior hyaloidal zonule or the vitreous base, but this 
cannot be illustrated because of the iris’ blocking effect. This condition is called an 
anterior vitreous (hyaloid membrane) detachment or AVD and is to be considered 
the anterior equivalent of the posterior vitreous detachment (PVD). The technical 
drawing in Fig. 5.4 shows what is considered to be an AVD.

Four clinical signs are very suggestive of AVD:

 1. While injecting the OVD through the posterior capsule puncture, the OVD pres-
ents a spaghetti-like dispersion into the retro-lenticular space. We cannot speak 
about the Berger space when the ligament of Wieger is detached. In the case of 
detachment of the ligament of Wieger, the space of Petit and the space of Berger 
form one big space: the retro-lenticular space. Video 5.3 shows the spaghetti-like 
filling of the retro-lenticular space very well.

 2. The presence of lens material behind the posterior capsule. Video 5.3 also shows 
how a small lens debris is present behind the posterior capsule and is pushed 

Fig. 5.3 OCT of an adult eye with biometrical parameters of a high myope
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back by the OVD injection. Video 5.4 shows AVD and lens material in this space. 
These lens fragments have reached this retro-lenticular space through the zon-
ules (most probably). It is impossible to visualize how much these zonules have 
been damaged with the currently available imaging techniques.

 3. When performing irrigation-aspiration in an eye with AVD, the posterior capsule is 
more easily snapped into the aspiration opening of the IA probe. This can be 
explained by the increased mobility of the posterior capsule because of the absence 
of the support through the attachment to the vitreous by the ligament of Wieger. This 
is illustrated in Fig. 5.5 in which the posterior capsule is completely detached from 

1.08 mm

1.03 mm

4.20 mm

2.5 mm

5.24 mm

11.55 mm
9.3 mm

7.5 mm

Fig. 5.4 Technical drawing of a complete detachment of the anterior hyaloid after cataract surgery 
and BIL implantation

Fig. 5.5 OCT of an adult myopic eye presenting anterior hyaloid detachment and folds in poste-
rior capsule. When folds are observed after removal of the crystalline lens content, this is quite 
suggestive for AVD
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the anterior hyaloid and shows many folds. Video 5.5 shows an eye of an aged per-
son presenting with IFIS (stabilized by a Malyugin ring), AVD, and multiple peri-
ods where the posterior capsule is snapped into the IA probe. It is evident that this 
might easily cause posterior capsule rent in unexperienced hands during surgery.

 4. The presence of pigment or deposits on the anterior hyaloid, behind the posterior 
capsule. Figure 5.6 is a postoperative illustration of a posttraumatic AVD with 
lots of pigment deposits on the anterior hyaloid.

The anterior hyaloid can also be partially detached. Figure  5.7 is a technical 
drawing illustrating partial anterior vitreous detachment (PAVD). Video 5.6 is a 
beautiful real-time OCT recording of a PAVD.

Fig. 5.6 Postoperative 
anterior segment image of a 
posttraumatic AVD where a 
large number of pigment 
deposits are found on the 
anterior vitreous hyaloid
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2.5 mm

5.24 mm

11.55 mm
9.3 mm

7.5 mm

Fig. 5.7 Technical drawing of a partial detachment of the anterior hyaloid after cataract surgery 
and BIL implantation
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5.5  Egger’s Line

In Chap. 5, Egger described the line separating the space of Petit and the space of 
Berger; it can be easily recognized clinically in the instance of pigment deposits in 
the angle formed by the space of Petit and the ligament of Wieger as shown in 
Fig. 5.8 and on Video 5.7. Egger’s line is pushed back by the OVD injected in the 
retro-lenticular space because of the complete detachment of the ligament of Wieger.

5.6  Mittendorf Dots

Figure 5.9 shows the Mittendorf dot still present behind the bag-in-the-lens. William 
Mittendorf was considered the author of this dot (not confirmed though) being the 
remaining of the anterior section of the arteria hyaloidea and the posterior capsule. 
The image in Fig. 5.9 contradicts this description. Mittendorf dots are not attached 

Fig. 5.8 Anterior segment 
image of a postoperative 
well-centered bag-in-the-lens 
implantation and the Egger’s 
line present at the temporal-
inferior quadrant behind the 
lens

Fig. 5.9 Anterior segment 
image of a Mittendorf spot 
still present after implanta-
tion of the bag-in-the-lens
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to the posterior capsule. They must be attached at the level of the anterior hyaloid. 
Video 5.8 gives more insights into the relationship of these different structures. It 
shows the Ergellet space between the Berger space and the Mittendorf dot.

5.7  Erggelet Space

Video 5.8 also shows the Erggelet space. The simultaneous presence of a Mittendorf 
dot and the Erggelet space in the same patient is a rare and unique finding. The 
Erggelet space is shown on this video to be attached to the anterior hyaloid. This 
space is anteriorly located compared to the Mittendorf dot. This observation proves 
that the Mittendorf dot is certainly not attached to the posterior capsule as described 
previously in textbooks. Because the Mittendorf dot is clearly located behind the 
anterior hyaloid and even further away from Erggelet space, this is very suggestive 
that the Mittendorf dot is the remaining of the arteria hyaloidea with the intersection 
of the Erggelet space. This hypothesis makes more sense since the Erggelet space is 
an embryologic remnant of the Cloquet canal as is the Mittendorf dot. This is a new 
description of the embryological arteria hyaloidea located in Cloquet’s canal that 
ends anteriorly in Erggelet space and posteriorly in Martegiani’s space.

5.8  Vitreo-lenticular Interface in Children

The bag-in-the-lens concept yields very beautiful results in congenital, metabolic, 
and developmental cataract based on a dysgenesis of the anterior interface 
(Fig. 5.11). By staining the posterior capsule in children who present with an ante-
rior interface dysgenesis (Video 5.9), Van Looveren (staff member of the University 
Hospital of Antwerp between 2001 and May 2018) was able to demonstrate that 
repair of this dysgenesis was triggered by cells of mesenchymal origin [3]. The 
anterior interface is not well developed in these eyes. The anterior hyaloid and the 
posterior capsule merge at the level of the plaque formation in an attempt to restore 
the integrity of the posterior lens capsule. This image is completely different from 
eyes presenting PHPV where the posterior capsule can be dissected from the fibro-
vascular tissue and is thus intact. PHPV finds its origin at the level of the tunica 
vasculosa surrounding Cloquet’s canal, while in AVLID the pathology is due to the 
incomplete differentiation of the anterior hyaloid and the posterior capsule.

When looking at the OCT video recordings of eyes that present a subcapsular 
posterior plaque of toxic origin (Video 5.10), it is evident that in these eyes the pos-
terior capsule is clearly differentiated.

In the publication of the long-term results after bag-in-the-lens implantation in 
children, Dr Jan Van Looveren observed a very low incidence of visual reprolifera-
tion [4]. It was challenging to understand why this might happen. When looking at 
the OCT images and videos of children, it became obvious that in some children, 
the Berger space was not big enough to accommodate the bag-in-the-lens properly. 
Video 5.11 shows the small Berger space in a child eye, which was operated on for 
congenital cataract. Anterior and posterior capsulorhexes were performed as usual, 
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but the size of the Berger space was not much larger than 6.5 mm in diameter. When 
inserting a bag-in-the-lens of 7.5 mm in total diameter, this will result in pushing 
back the posterior capsule by the posterior lens haptic out of the lens groove as 
shown on the technical drawing (Fig. 5.10). This observation becomes evident when 
comparing a video of a child with a small Berger space (Video 5.11) with that of an 
eye with a normal Berger space (Video 5.12). We thus developed a technique to 
enlarge the Berger space at the desired total diameter in order to correctly accom-
modate the BIL IOL and avoiding posterior visual axis reproliferation.

Fig. 5.11 Preoperative scan of a posterior capsule cataract in a child eye. The scan following the 
pink arrow shows the anterior interface dysgenesis. The posterior capsule appears as interrupted

10 mm
7.5 mm

Fig. 5.10 Technical drawing of a small Berger space in a child eye
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5.9  Conclusions

• After cataract surgery, the ligament of Wieger can be found detached, partially or 
totally, on per-operative OCT recordings.

• Per-operative OCT recordings allow to better understand the embryological 
structures of Cloquet’s canal.

• Berger space changes in size with aging, as observed with OCT per-operatively.
• Acquired subcapsular opacifications show normal structure of the posterior 

capsule.
• Per-operative OCT allows the ophthalmic surgeon to define vitreo-lenticular 

dysgenesis
• Visual axis reproliferation in children is due to the small size of the Berger space, 

as observed on per-operative OCT images.

Not all clinical variations of the anterior interface could be reported in this chap-
ter. However, the cases described show the large variations in size, as well as the 
large variations in the relation between anterior hyaloid and posterior lens capsule. 
It is evident that these variations must be fully understood before performing 
PPCCC using femtosecond laser or any other automated laser device. Not respect-
ing these variations might compromise the physiology of the anterior interface.
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6Technical Specifications  
of the Bag-in- the-Lens Implant

Laure Gobin, Sorcha Ní Dhubhghaill, 
and Marie-José Tassignon

6.1  Introduction

Marie-José Tassignon implanted the first patient with her patented implant in 
December 1999, the same month I (Laure Gobin) joined her ophthalmology depart-
ment at the University Hospital of Antwerp. A large part of my job was to coordi-
nate the studies and trials of the implant. The most common long-term complication 
of modern cataract surgery is posterior capsular opacification (PCO), also known as 
secondary cataract [1–3]. This process is due to proliferation and migration of resid-
ual lens epithelial cells in the capsular bag over the visual axis [4, 5], resulting in 
opacification and contraction leading to loss of visual acuity [6, 7].

Opening the posterior capsule using an Nd:Yag laser is the most effective treat-
ment for PCO [8]. While this is associated with a low risk of complications [9], it 
does represent a cost in both time and money to health systems. Meticulous surgical 
technique including cleaning the capsular bag, covering the edge of the optic with 
the anterior capsulorhexis, perfect lens positioning, and posterior capsular rhexis 
can all reduce the risk of PCO but cannot eliminate it completely. Primary posterior 
capsulorhexis has been shown by De Groot et al. [10] to be prone to cell migration 
on the posterior face of the IOL or the anterior face of the anterior hyaloid, even in 
the absence of a posterior capsule. Changes in the implant shape [11–14] (e.g., 
square edges), changes in implant material, use of antibodies and of special coat-
ings, and the use of a capsular tension ring have all been successful in reducing the 
proliferation of lens epithelial cells to a degree. There is, however, no surgical 
approach [15] or lens implant design that is completely successful in eradicating 
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PCO, particularly in complicated patients such as children, diabetics, or patients 
with uveitis [16, 17].

In this chapter, we present the technical specifications of an alternative approach 
to eliminate PCO called the “bag-in-the-lens” BIL implant [18, 19]. The implant 
consists of a central optic, similar to other lens implant, but a very different haptic 
design that not only eradicates PCO but also ensures lens centration. The BIL 
implant features a central groove that is defined by both the anterior and posterior 
flanges of the haptics into which the anterior and posterior capsules are inserted. 
The implantation of this lens requires both anterior and posterior capsules for sup-
port so that both anterior and posterior rhexes are required. If the anterior and pos-
terior capsules are properly stretched and captured in the groove, then the epithelial 
cells will only be able to proliferate in the restricted volume allowed to them [20]. 
So far, this is the only IOL that can claim to eradicate PCO and provide surgeon- 
controlled centration, a feature that may become used more frequently in the future.

6.2  Description of the Implant

This BIL implant is a biconvex lens and consists of a central optical zone of 5 mm, 
and its peripheral haptic design is comprised of two oval elliptical haptics, one ante-
rior and the other posterior. The anterior flange is oval (face) and is oriented perpen-
dicular (90°) to the major axis of the oval of the posterior flange (Fig. 6.1) [19]. The 
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Fig. 6.1 Diagram of the 
double rhexis implant, 
illustrating the central 
optical part surrounded by 
its haptic. The two 
oval-shaped anterior and 
posterior haptics are oriented 
perpendicular to each other 
to ensure optimal IOL 
stability. The side view of 
the implant shows the 
characteristic groove in 
which the two capsules will 
be placed (1. optic, 2. 
groove, 3. posterior haptic, 
4. anterior haptic, 5. mark of 
orientation)
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shape and orientation of the two haptics have been specifically designed to prevent 
the tilt of the implant once it has been properly placed (Fig. 6.2a). The first BIL 
design was made by PhySiol (Belgium), and was a rigid IOL made of PMMA. It 
was implanted in postmortem donor eyes and living rabbits [20]. Because of excel-
lent results regarding visual axis reproliferation also in rabbits, we decided to con-
vert to a foldable IOL design for the purpose of human implatation. The current 
implant design (Morcher® 89A, Morcher®, Germany) is made of foldable hydro-
philic acrylic material with a water content of approximately 28%. At its widest, the 
diameter of the implant is 7.5 mm, and at its smallest it is 6.5 mm. Each haptic blade 
is 0.25 mm with a 0.2 mm groove in between them. This results in a total haptic 
thickness of 0.6 mm.

6.3  One-Year Follow-Up of the First BIL Implants in 60 Eyes 
and the Learning Curve

Over 10 years ago, the ethics committee of the University Hospital of Antwerp and 
AAM-Augenklinik am Marienplatz in Munich approved the use of the BIL implant 
[21]. The 89A Morcher lens was implanted in 63 eyes of 55 patients presenting 
cataract with ages ranging from 7  months to 88  years of age (mean 60  years 
±25 years). Six children (10 eyes) were included in the cohort, and one child had 
persistent primary hyperplastic vitreous (PPHV). Preoperatively, the best corrected 
visual acuity (BCVA) was 0.41 ± 0.23 decimal Snellen. The surgical technique itself 
is covered in other chapters throughout this book. All patients were examined post-
operatively at day 1, day 7, 1 month, 6 months, and 1 year postoperatively.

During the postoperative slit lamp examination, we specifically focused on pos-
sible inflammatory reactions, iris configuration, IOL centering, and the proliferation 
of lens epithelial cells over the optical axis. Dilated fundus examination and an 
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Fig. 6.2 (a) “Bag-in-the-lens” lens implant positioned in the double rhexis, where the epithelial 
cells of the lens are captured in the peripheral portion of the remaining capsule and therefore can-
not migrate to the pupillary axis. (b) Conventional implantation scheme of the lens in the capsular 
bag “in-the-bag” showing the epithelial cells of the lens in the equatorial region and on the poste-
rior capsule
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intraocular pressure measurement were performed at every consultation, and slit 
lamp photos were taken every 6 months. Fluorescein angiography was only per-
formed when macular edema was suspected.

The IOL was implanted in 61 of the 63 patients with no intraoperative complica-
tion such as vitreous prolapse. In two cases, however, the capsulorhexis was too 
small (<4.5 mm in diameter), and the lens could not be squeezed into the opening. 
At this point in the learning curve, the ring-shaped caliper had not yet been invented. 
In these cases, the lens was explanted, and a traditional lens was inserted into the 
capsular bag. The postoperative inflammation was comparable to that induced by 
the IOLs placed in the capsular bag. No tilt of the lens was observed at the slit lamp 
or on aberrometry. Two types of complications were observed:

 1. Iris capture in the groove of the IOL was observed in three eyes and required 
surgical correction. After this complication was detected, the surgical procedure 
was adapted to include a pupil constrictor (Michiol® or Miostat®) at the end of 
surgery, suturing the corneal incision and using pilocarpine in the early postop-
erative period. The lens groove was then reduced from 0.4 mm to 0.2 mm, and 
the haptic flanges were reduced from 0.25 mm to 0.2 mm in thickness.

 2. In the case of one child, the rhexis was too large and the IOL dislocated postop-
eratively in the vitreous. By performing a vitrectomy, the IOL could be removed 
through the pupil and corneal incision and replaced with an intraocular implant 
fixed in the sulcus. Since then, a calibration ring (Morcher® Germany, 67-PS1) 
has been used routinely, and the risk of under- or oversizing of capsular rhexis 
has been significantly reduced [22].

In the 61 eyes that had no operative issues or complications, the average postop-
erative follow-up was 22.7  months (range 12–68  months). The BCVA in the 29 
adult eyes with senile cataract was 1.02 ± 0.2 D. In 24 patients, the mean difference 
between the expected refraction calculated with a constant A of 119.0 and the 
refraction obtained was −0.51 ± 0.82 diopters. Based on data from 58 healthy eyes 
operated on since and with corrected postoperative visual acuity of at least 0.8 and 
postoperative follow-up of at least 6 months, the A constant was subsequently recal-
culated as 118.0–118.2.

The visual axis remained extremely clear in all eyes, even in those of children. 
Moderate proliferation of lens epithelial cells is present in the periphery of the cap-
sular bag. No fibrosis or wrinkling of the remaining capsular sac was observed except 
at the junction between the anterior and posterior capsules (Soemmering area).

6.4  Interim Analysis of the Rate Pupil Area Opacification

We compared the occurrence of opacification in the pupillary area with the 
Morcher® 89A implant to that of a conventional Morcher® 92S implant from the 
same manufacturer [23]. Both implants are made of the same biomaterial and 
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differ only in its haptics [24]. The term “opacification of the pupillary area” (OPA) 
was preferred to “posterior capsular opacification” (PCO) since the posterior cap-
sule is no longer present after implantation of the BIL. The study consisted of a 
retrospective analysis of the medical records of 181 patients who were operated 
on using phacoemulsification cataract surgery. Patients received the IOL 92S in 
one eye and an 89A in the other (Fig. 6.3). Patients were seen postoperatively at 
day 1, week 1, 5 weeks, 6 months and 1 year after surgery. Laser capsulotomy was 
performed if there was detectable visual axis opacification and the vision had 
dropped by at least two lines.

Descriptive statistics (mean, standard deviation, maximum, minimum) were cal-
culated for age, postoperative follow-up, IOL power, and interval between surgery 
and capsulotomy. Preoperative and postoperative mean visual acuity after 6 months 
of both groups for patients with no comorbidity (diabetic retinopathy, age-related 
macular degeneration, etc.), as well as visual acuity before and after capsulotomy 
are compared. The significance level of the statistical tests was set at 5% (Pearson 
coefficient value of 0.05). We compared the opacification rates of the two groups by 
a survival analysis before Nd:YAG laser capsulotomy using the Kaplan-Meier 
method. Nd:YAG laser capsulotomy was performed in 20% of the eyes of the con-
trol group after an average of 20 ± 8 months (9 months to 40 months) after cataract 
surgery. No capsulotomy was performed in the BIL group. Cumulative capsulotomy 
incidence rates derived from Kaplan-Meier survival curves were 2% after 1 year 
and 28.23% after 5.9 years in the 4-year plateau “lens-in-the-bag” group. The cumu-
lative incidence of capsulotomy with the BIL implant was 0% after 6 years. These 
curves show that after 6 years the OPA probability is 28 times higher with the 92S 
lens than with the 89A lens [24] (Fig. 6.4).

Fig. 6.3 Photos of the two eyes of a 62-year-old patient, 3 years after bilateral cataract. The right 
eye was implanted with a double rhexis lens (Morcher 89A), while the left eye was implanted with 
a conventional lens of the same material (Morcher 92S). The difference in transparency is evident 
between the two eyes. Both lenses are centered; pupil dilation of the right eye was asymmetrical at 
the time of photography only
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6.5  Analysis of the Postoperative Complications

We followed a cohort of 806 eyes of the first 550 consecutive patients implanted 
with the “bag-in-the-lens” intraocular lens, between December 2000 and September 
2006, without any exclusions. This cohort was followed until January 2010 and 
involved the application of guidelines of the ISO 11979-6: 2006 standards [25]. 
Three hundred and twenty-eight eyes in this cohort had serious ocular comorbidities 
(glaucoma, macular degeneration, etc.). The yearly number of surgeries is shown 

a b

c d

e f

Fig. 6.4 Postoperative photograph of implanted IOL 89A (after (a) 6 months, (b) 12 months, (c) 
18 months, (d) 24 months, (e) 30 months, (f) 36 months)
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below (Fig. 6.5). The occurrence of adverse effects after implantation of the “bag- 
in- the-lens” lens is shown in Table 6.1 (Fig. 6.6).

In this large cohort, we found no opacification of the visual axis in adults. The 
edge of the capsule escaped from the groove of the implant in four children (we did 
not yet know about the possible issue of a smaller Berger space in children), but in 
all other cases, the axis also remained clear. The absence of proliferation of cells on 
the visual axis validated our previous studies: closing off the capsular bag-in-the- 
lens groove and constraining the proliferation outside the visual axis. This has also 
been shown by postmortem analysis of the capsular bag after implantation of BIL 
(Fig. 6.6).
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Fig. 6.5 Histogram of BIL 
implantations between 
December 2000 and 
September 2006

Table 6.1 List of adverse effects of the ISO standard: comparison of the occurrence rates of each 
effect in our cohort compared to the threshold recommended in the standard

Morcher 89A
Thresholds given by the ISO 
standard

Temporary
Cystoid macular edema 0.1% (1/806) <6%
Hypopyon 0.3% (3/806) <1.8%
Endophthalmitis 0.1% (1/806) <1%
Posterior dislocation of the IOL 0.1% (1/806) <1%
Pupil block 0.1% (1/806) <1%
Retinal detachment 1.2% (10/806) <1.8%
Secondary surgical intervention 0.3% (3/806) <2.6%
Persistent
Corneal edema 0.2% (2/806) <0.8%
Cystoid macular edema 0 <2.2%
Iritis 0.1% (1/806) (Preop 

Iridocyclitis)
<1.8%

Raised intraocular pressure 
resistant to therapy

0 <1.8%
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A priori, the cohort was too small and the follow-up too short for the accurate 
determination of the retinal detachment (RD) rate after implantation and compari-
son with that of the literature [26–29]. The ISO standard establishes a maximum 
safety rate of 1.8% for 300 eyes at 1 year. We enlarged the patient cohort to allow 
for the proper evaluation of RD after bag-in-the-lens IOL implantation in 1323 eyes 
with an average follow-up of 44.75 months (range 0–152 months). RD was found in 
19 eyes (1.44%). The 1-year RD incidence was 0.49% (5 RD cases in 1024 eyes) 
(0.00% in patients without risk factors). The 2-year cumulative RD incidence was 
0.84% (9 RD cases in 931 eyes; 0.15% without risk factors). Four clinically signifi-
cant risk factors were confirmed: male gender, young age at time of surgery 
(<60 years), axial myopia (axial length ≥25 mm), and history of contralateral RD in 
the total cohort.

6.6  Visual Performance

In our cohort of 295 eyes, 195 patients were followed for more than 1 year (mean 
33.1 ± 14.7 months (12–84 months)). Postoperative visual acuity was 0.94 ± 0.18 
decimal Snellen, and the histogram of the distribution is shown in Fig. 6.7. In 91.5% 

Fig. 6.6 Photo of a 
dissected postmortem eye, 
death occurred 2 years after 
implantation of BIL (view of 
the posterior chamber while 
looking toward the anterior 
chamber) [38]
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of the patients, the visual acuity was better than 0.8. The postoperative refraction 
was −0.19 ± 0.84 D (−3.5 to +5 D) for the sphere and −0.58 ± 0.77 D for the cylin-
der (Fig. 6.8). The spherical equivalent was −0.48 ± 0.82 D for a target refraction of 
−0.24 ± 0.71 D. The A constant was adjusted from a value of 119.0 for the 169 
patients to 118.4 for the next 459 and finally 118.2 for all of the others. Finally, an 
A constant of 118.0 to 118.2 was the best fit.

200
180
160
140
120
100
80
60
40
20
0

0.1 0.2 0.3 0.4

1 3 2 0 2 7
20

31
20

187

12
0

0.5 0.6 0.7

Visual acuity

0.8 0.9 1 1.5 2

N
um

be
r 

of
 c

as
es

Fig. 6.7 Histogram of postoperative visual acuity
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6.7  Measurement of Lens Centration

The measurement of the BIL centration was made using a utility developed by 
J. Rozema [30]. The center of the lens is determined by an elliptical fit of the edge 
of the implant. The determination of the pupil and limbic center is made by the same 
type of adjustment. We found a mean center (centroid of optical centers) 
0.3040.17 mm at −24.9113°, that is to say voluntarily inferonasal for the conserva-
tion of the angle kappa. The distribution of the optical centers is contained below the 
threshold determined as inducing a decrease in visual acuity: 0.7 mm [31].

6.8  Measurement of Lens Tilt

The tilt measurement was made by a Scheimpflug imaging method (Pentacam, 
Oculus, Germany). The image was calibrated using the groove pixel diameter 
(5 mm) to calibrate the pixel size. The procedure for determining the tilt of the lens 
was to find the axis in which the lens was flatter and the axis in which the lens was 
steeper (Fig. 6.9). We were able to determine the tilt of the implant by using the 
inverse cosine ratio of the distance between the highest part of the groove to the 
optical axis (in the most inclined configuration) and the radius of the implant.

This method applied to 30 eyes implanted with BIL allowed us to determine a tilt 
of 7.2 ± 2.9°, from 3° to 13°. The inclination with respect to the horizontal plane of 
the cut in which the implant was more inclined was, on average, 4.83 ± 34.9° tem-
porally (Fig. 6.10).

Fig. 6.9 Method of calculating the tilt in the eye

Fig. 6.10 The maximum 
physiological tilt has always 
been found between −35° 
and 35°, with an average of 
5° in the coronal section
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The Scheimpflug imaging method does not dissociate the rotation of the eyeball 
from the tilt, and we never observed tilt in the vertical section. This is why we 
qualified this method biased. In the horizontal position, the natural tilt in both pha-
kic and pseudophakic patients is temporal for the right eye as for the left eye. This 
is reflected in the MRI images (Fig. 6.11b) and has also been proposed in the litera-
ture [32]. We therefore could not measure the tilt of this implant adequately. 
However, we have been able to highlight that the use of Scheimpflug for measuring 
the tilt of the implant in the eye was inappropriate because this technique also 
measures the natural tilt. The only reliable method for measuring tilt is Purkinje’s 
reflections [33, 34], which look for reflections on different surfaces of the eye, but 
this method is not commercially available (Fig. 6.12).

a

b

Fig. 6.11 (a) Horizontal section schematic of the orientation of the eyes, with respect to the nose. 
(b) Same section seen on MRI images (thanking Pr Hervé Saint-Jalmes, Rennes)
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6.9  Rotational Stability of the Lens

Our rotational study included 59 eyes of 49 patients with a mean age of 
68.0 ± 11.9 years. The rotation over time was made by the retrospective analysis of 
photos, calibrated with the optical diameter and the optical center. The edge of the 
haptic was marked by triangulation with respect to a fixed anatomical landmark. 
The rotation was almost nil between 1 day (0.052.02°) and 5 weeks and 0.361.39° 

Right eye (horizontal
plane)

Left eye (horizontal plane)
Right or left eye vertical

plane

Fig. 6.12 Scheimpflug images of the anterior chamber of the eye: we see the temporal inclination 
of the implant always in the same cut (5° to the horizontal) while the tilt is absent in the vertical 
sections
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between 5 weeks and 6 months. No correlation was found between implant power 
and rotation (P = 0.862, t test) [35].

6.10  Developing the Toric BIL Implant

The design of a toric implant in 2005 also required the creation of a new calculator. 
The details of this calculator are covered in a separate chapter. The theory is covered 
here. The residual astigmatism due to the inaccuracy of orientation of the axis of the 
toroid implant cylinder is defined by:

 
Cyl k IOL= -( )2DK cos q q

 
(6.1)

The direction of the power axis of residual astigmatism is defined by the 
following:

 
q

q q
Cyl

k IOL=
+
2  (6.2)

Equations 6.1 and 6.2 determine the residual astigmatism (power and direction) 
in the event of misalignment of the implant on the corneal axis. The alignment error 
in diopters can be expressed as a function of the misalignment (θk − θIOL).

 
Alignment error k IOL= -( )2cos q q  (6.3)

This function is drawn and shown in Fig. 6.13. Here we are referring to the power 
axis, that is to say at 90° of the axes indicated on the implant. An error of ±5° in the 
alignment of the implant thus induces an error of −20% on the correction of astig-
matism. More generally, on the basis of this curve, we were able to determine the 
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extent to which the intraocular correction of irregular astigmatism brought a benefit 
to the patient. In short, if the lens rotated beyond 10° in irregular astigmatism, the 
theoretical error is close to 40% and will result in almost half of the uncorrected 
astigmatism. The question to ask in these cases is: is there a real benefit to intraocu-
lar correction by inducing non-corrective HOAs?

We examined 53 eyes of the first 29 patients implanted consecutively [36]. The 
average follow-up was 5.14 ± 5.36 months (thus greater than the healing time of the 
cornea). Cylindrical correction ranged from 1 D to 8 D with an average astigmatic 
correction of 2.96 D. Preoperative visual acuity was 0.58 ± 0.25. The postoperative 
visual acuity with correction is on average 0.85 ± 0.21 (p < 0.05). Postoperative 
visual acuity, although satisfactory, remained limited in certain cases. It was with 
these cases that we developed a methodology for predicting the postoperative situa-
tion by using Holladay’s “Holladay Diagnosis Summary” [37] method to detect 
irregular astigmatism. 82% of the astigmatisms have been corrected. The average 
postoperative sphere was 0.33 ± 0.87 D, that is, slightly hypermetropic. This led us 
to generate more precise calculations for the spherocylindrical implant. The analy-
sis of the quality of the toric correction was made according to the method of Alpins 
and is shown below (Table 6.2). It is the toric conformation that really takes advan-
tage of the BIL design because if the alignment of the implant is ever lost, it can be 
adjusted postoperatively no matter how long it has been since the primary surgery. 
The lens can be easily rotated back to its correct axis, even after Elschnig pearl 
formation.

Table 6.2 Analysis of 
astigmatism using the method 
of Alpins

Parameter
Targeted astigmatism (D)
Amplitude (mean ± standard 
deviation)

3,20 ± 1,36

Mean vector (standard @ axis) 3,20 D@ −2,45°
Surgically induced astigmatism 
(SIA)
Amplitude (mean ± standard 
deviation)

3,26 ± 1,51 D

Mean vector (standard @ axis) 3,26 D@ −2,16°
Vector difference
Amplitude (mean ± standard 
deviation)

0,56 ± 0,79 D

Mean vector (standard @ axis) 0,56 D@ 4,38°
Amplitude of the error 0,05 ± 0,49 D
Direction of error 0,26 ± 0,89°
Correction index 1,01 ± 0,15
Index of success 0,18 ± 0,26
Percentage of corrected astigmatism 101%
Percentage of successfully corrected 
astigmatism

82%
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6.11  Conclusion

Our clinical studies confirm the in vivo and in vitro results showing that the “Bag- in- 
the-Lens” intraocular lens is a valid option to eradicate PCO, provided that the surgery 
is performed properly. The tight fit of the two capsules into the peripheral groove of 
the IOL blocks the migration of the lens epithelial cells and their proliferation is con-
fined to the remaining peripheral capsular bag. The visual axis remains transparent in 
all eyes, including those of children. We have also shown that the implant could be 
centered correctly and that it did not rotate in the eye. Incorporating an astigmatic cor-
rection into the optics of this very stable implant in the eye was the next step.

Overall, designing and implementing the lens has been an iterative process, but 
our results show that it has been worthwhile, as the lens confers excellent results, 
not only in PCO prevention but also in centration and rotation in both children and 
adults.
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7The Evolution of the Anterior 
Capsulotomy

Richard Packard

7.1  Introduction

In 1747, the world of cataract surgery was changed by Jacques Daviel when instead 
of pushing the cataractous lens backwards into the vitreous, he extracted the opaque 
nucleus from the eye. In order to do this, he had to open the lens capsule which he 
did by tearing it crudely with a cystitome. Over the course of the following two 
centuries and more, the techniques to open the capsule hardly changed. The inven-
tion of the intraocular lens changed things. Harold Ridley, who first placed his disc 
intraocular lens (IOL) in the posterior chamber, had no idea if this lens was inside 
or outside of the capsular bag. The lens was inherently unstable partly because of 
this but also due to its excessive weight when compared with a modern IOL.

Cornelius Binkhorst, one of the most important pioneers of implantology, was 
the first to realise that if you could fixate the IOL into the capsular bag, then it would 
be more stable and less likely to irritate ocular tissues. Accordingly, he designed an 
IOL which he called iridocapsular to be partly supported by the iris but mainly by 
the capsular bag. Binkhorst’s problem was that he could not decide on the best 
shape for the capsular opening (Fig. 7.1).

Others tried to produce different ways to open the capsule, such as Albert 
Galand’s envelope technique. Here a linear opening was made proximal to the inci-
sion and after the removal of the lens nucleus, cortical clearance and IOL insertion, 
the anterior capsule was torn open in a continuous manner after making a small 
scissor cut at the capsular edge (Fig. 7.2).
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7.2  Early Approaches to the Capsulorhexis

At the beginning of the 1970s, the inventor of phacoemulsification, Charles Kelman, 
used a different method to gain access to the lens nucleus to emulsify it intracamer-
ally through a small incision. He tore the capsule in a triangular manner, the so- 
called “Christmas tree” capsulotomy (Fig. 7.3) and then trimmed the third side of 
the triangle with scissors.

a

b

Fig. 7.1 Binkhorst iridocapsular lens and capsulotomy shapes

Fig. 7.2 Galand envelope 
capsulotomy
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When in the late 1970s Richard Kratz wanted to perform iris plane phacoemul-
sification and tilt the lens nucleus, he devised a round capsulotomy with a serrated 
edge called the “can opener” (Fig. 7.4). It was also felt that this type of capsulotomy 
would hold a posterior chamber IOL better.

However, none of these methods (and other attempts to create a capsular open-
ing) was immune from tearing at the edge. The surgeon, when implanting an IOL, 
could also not be certain that the whole of the IOL was in the bag or that it would 
stay there as the capsule contracted in the weeks and months following cataract 
surgery.

Fig. 7.3 Christmas tree 
capsulotomy

Fig. 7.4 Can opener 
capsulotomy
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The first attempt to use a different modality was made in the early 1980s by the 
inventor of the YAG laser for posterior capsulotomy, Danielle Aron Rosa, using her 
laser to open the anterior capsule. Multiple punctures were made in a circular pat-
tern. Unfortunately, unless the cataract surgery was carried out immediately, the 
intraocular pressure would build as the soft lens matter expanded due to hydration 
by aqueous and surgery, therefore, became difficult. This method was quickly 
abandoned.

7.3  The Continuous Curvilinear Capsulorhexis

The solution to remedy these problems turned out to be a continuous circular tear 
in the capsule. For most ophthalmologists, two surgeons have been credited with 
pioneering the technique called continuous curvilinear capsulorhexis (CCC); the 
story is more complex than that however. Thomas Neuhann in Germany and 
Howard Gimbel in Canada have received the most recognition for this and cer-
tainly produced the first paper to appear in the peer reviewed literature [1]. 
However, across the world and at the same time Kimiya Shimizu was doing some-
thing very similar. Each of these three surgeons added a part of the name for this 
capsulotomy. Gimbel called it continuous, Shimizu added the word curvilinear, 
and Neuhann coined the term capsulorhexis. Although these surgeons had similar 
ideas, their approaches to the creation of the CCC and the instruments they used 
differed.

Charles Kelman had designed an instrument called the irrigating cystitome and 
this is what Howard Gimbel had used. He modified the can opener technique by 
pulling on the capsule to create the tear, but did not allow the edge to become ser-
rated, instead it remained continuous (Fig.  7.5). He performed this under 
viscoelastic.

Fig. 7.5 Gimbel 
capsulotomy
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Kimiya Shimizu used a bent 30-gauge needle under viscoelastic to create a tear 
and then a flap of anterior capsule. He then folded this flap onto the untorn capsule 
and directed the tear in a curvilinear manner with the tip of the needle, very simi-
larly to how many surgeons do it today (Fig. 7.6).

This author first observed the technique that Thomas Neuhann first used for his 
capsulorhexis at a conference in Bordeaux in 1986. It was performed during live 
surgery by another German surgeon, Jurgen Greite. He had been taught by Thomas 
Neuhann as they both worked in Munich. The Neuhann technique was performed 
with irrigation initially with a straight 26-gauge needle. This needle created a small 
T-shaped opening in the anterior capsule just in front of the main incision site. Then 
a curved needle with a bent tip was inserted into the eye, and the small flaps created 
by the capsular incision were stroked up each side to create the CCC (Fig. 7.7).

Fig. 7.6 Shimizu 
capsulotomy

Fig. 7.7 Neuhann 
capsulotomy
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But were these three really the first to perform a CCC? It does not seem so. A 
surgeon in the United States named Calvin Fercho was almost certainly the first to 
do this. He started using a continuous tear in the late 1970s, and this was docu-
mented by a number of surgeons who watched him operate [2]. He did not present 
on this though, due to his having to take time out for ill health until 1986. His tech-
nique was a sort of combination of that used by Gimbel and Shimizu. He used an 
irrigating cystitome with the irrigation initially, later on under viscoelastic, and tore 
the capsule with this and then directed the flap to make the CCC (Fig. 7.8).

Although many surgeons still use only a needle or cystitome to create the CCC, 
many use forceps. The first forceps specifically designed to perform this capsulot-
omy were designed by Peter Utrata and appeared in 1988. Although there have been 
many variations on this theme, the basic design is still used widely today (Fig. 7.9). 
The reason that many surgeons prefer to use forceps is the greater controllability 
they afford to the surgeon.

One of the unintended consequences of adopting the CCC was in the way that the 
nucleus was removed from the eye with phacoemulsification. Tilting up the nucleus, as 
in the Kratz technique, was now much more difficult and so new methods were needed. 
This led to “chip and flip”, “divide and conquer”, “phaco chop”, “phaco pre-chop” and 
many others. The major advantages proffered were that the edge of the capsulotomy was 
much stronger and had less of a tendency to tear out. Irrigation aspiration was safer, 
given that there were no torn edges to suck into the aspiration port. The IOL could now 
be reliably placed within the capsular bag and was likely to stay there well-centred.

Fig. 7.8 Fercho 
capsulotomy

Fig. 7.9 Utrata forceps
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This new capsulotomy needed a good red reflex to be easy enough to perform, 
and certainly a hypermature white cataract presented a major challenge to even the 
most experienced surgeon. Many would revert to a “can opener” capsular opening 
in these cases. A device using high-frequency radio diathermy was invented by 
Kloti to overcome this problem. It made the capsulotomy in white cataracts much 
easier, but the capsular edge was not as strong as a CCC. The problem of how to 
deal with these mature lenses with a poor red reflex was solved by using a vital 
stain trypan blue to stain the anterior capsule. Although Gerrit Melles is generally 
credited with this idea, Minas Coroneo first used this while working in the 
Australian outback operating on aboriginal patients. He holds a patent on the idea 
(Fig. 7.10).

7.4  Advances in the Capsulotomy Techniques

Although getting a complete CCC is relatively straightforward for the experienced 
surgeon, are there ways to make the size and circularity of the capsular opening 
more precise? A number of ways have been described to do this. Marie Jose 
Tassignon has designed a ring that is slipped into the eye and centred on the pupil to 
act as a guide for the surgeon (Fig. 7.11). Alternatively, there is the Verus capsulot-
omy guide; this is a soft flat circular device which is placed on the anterior capsule 
and acts as a guide for the tearing of the capsule (Fig. 7.12). Marking the cornea 
with specially sized circular instrument can also aid the surgeon (Fig. 7.13).

Heads-up displays in the surgeon’s view down an operating microscope of a 
circle displayed on the cornea, as provided in devices like Verion (Alcon, USA) or 
Callisto (Zeiss, Germany), can also help to achieve greater accuracy (Fig. 7.14). A 
recent paper by Haeussler-Sinangin et  al. has shown that even with experienced 
surgeons, these devices can improve the CCC [2]:

Fig. 7.10 Capsulotomy 
with trypan blue stained 
capsule
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Fig. 7.11 Tassignon 
capsulotomy ring

Fig. 7.12 Verus capsu-
lotomy ring

Fig. 7.13 Corneal ring 
marker
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• IOL centration and stability particularly for multifocal and toric IOLs
• IOL effective lens position
• Overlapping of the IOL edge with the capsule
• Shrink wrapping of the IOL by the capsule to lessen PCO

Emma Hollick with David Spalton’s team has shown that a poorly centred CCC, 
without good edge coverage of the IOL, leads to earlier posterior capsular opacifica-
tion (Fig. 7.15) [3]. Little changed for another decade until the initial use of the 
femtosecond laser for cataract surgery in 2008 by Zoltan Nagy in Hungary 

Fig. 7.14 Digital overlay in 
miroscope view

Fig. 7.15 Asymmetric capsulotomy with PCO
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(Fig. 7.16). This was a fundamental change in the way that the anterior capsulotomy 
was performed. For the first time, we could make capsulotomies of a given size 
which were truly circular, in a given position, with little risk of tear-out during the 
capsulotomy, without the variables of a manual technique. The imaging devices 
built into the machine assist in all of this (Fig. 7.17).

Fig. 7.16 Femtosecond lasers

Fig. 7.17 Imaging during capsulotomy with femtosecond laser
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However, there were caveats with this new technology. A second room might be 
needed for the laser, something which interfered with the surgical flow. Both the 
cost of the device and the running costs are high and there is a click fee for patients. 
To date, no study has shown the advantages of femtosecond laser-assisted cataract 
surgery (FLACS) in terms of patient outcome [4]. When asked in a twin eye study, 
where one eye had FLACS and the other conventional surgery, patients preferred 
the conventional approach [5].

Early studies by Nagy and his group had shown the accuracy of the laser capsu-
lotomy [6], but Abell et al. demonstrated why the incidence of capsular tags and 
tear-out during surgery was higher than in manual CCC [7]. This was due to the 
femtosecond laser producing a serrated edge, given that it was a pulsed laser. There 
were also redundant laser spots due to laser spot scatter during the creation of the 
capsulotomy (Fig. 7.18). This has, to some extent, been resolved by reducing the 
power in some studies or the vertical spot spacing in others [8] (Fig. 7.19).

However, most surgeons using FLACS say that the laser’s most useful function 
is the way in which it makes the capsulotomy [9]. Might there be other ways to cre-
ate round, consistently sized capsulotomies?

Another laser, “CAPSULaser” (Excellens, USA), has been under investigation 
and will soon be available commercially. It is a thermal laser that uses an anterior 
capsule stained with an optimised solution of trypan blue as its target. Unlike the 
femtosecond laser, it acts in a continuous manner to create the capsulotomy. The 
absorption of the laser light, which is in the red/orange part of the spectrum, causes 
the Type IV collagen in the capsule to change to amorphous collagen. The edge of 
the capsulotomy is rolled and smooth, and in vitro tests have shown it to be more 
elastic than that found in manual capsulotomies (Fig. 7.20). Although this is a ther-
mal laser, the time taken to create the capsulotomy is only 1 second, and the overall 

Fig. 7.18 Scanning EM of femtosecond laser capsulotomy edge
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rise in temperature in the anterior chamber is less than 0.2C. The beam is centred by 
the patient with a fixation light and focused by the surgeon using light sources built 
into the device. Over 400 human eyes have been studied including, most recently, a 
CE mark study. This showed a consistency of sizing of 99% within 50 μ of 5 mm (D 
Mordaunt, P Stodulka, personal communication). Circularity was similarly found. 
Unlike the femtosecond laser, this device is small and is attached to the underneath 
of an operating microscope (Fig. 7.21) and does not interfere with the operating 

Fig. 7.19 Edge of capsulotomy with reduced vertical separation of spots stained with trypan blue

Fig. 7.20 Cut egde of capsulotomy disc made with CAPSULaser

R. Packard



73

flow. The costs of using this device will be much lower than a femtosecond laser. 
Given the subject of this book, it is worth noting that posterior capsulotomies have 
been successfully performed in vitro and human studies will begin soon (Fig. 7.22).

Other thermal devices are also becoming available. A device called “Zepto” is 
already available in the market, for instance. This consists of a suction ring contain-
ing a wire made of nitinol. Nitinol is a metal alloy that has memory, so that when it 
is deformed, it will return to its original shape. The device, which is single use, is 
pushed into the eye through the phaco wound, normally 2.5 mm, and is then placed 
on the anterior capsule. Once it has been centred by the surgeon, suction is applied 
to attach the device to the capsule (Fig. 7.23). Then a short electrical charge is acti-
vated to cut the capsule by causing a phase transition in water molecules with a 
localised, but small, rise in temperature [10]. This device has also been used in the 
laboratory for a posterior capsulotomy.

Fig. 7.21 CAPSULaser 
attached underneath an 
oprating microscope

Fig. 7.22 Anterior and 
posterior capsulotomies in a 
pig eye made with 
CAPSULaser
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Another not dissimilar approach is that provided by a metal ring that is also 
pushed into the anterior chamber called “Aperture Rx”. To date, this has not been 
used on humans. It also acts with localised heat on the anterior capsule to create the 
capsulotomy (Fig. 7.24).

Fig. 7.23 Zepto in position 
on the anterior capsule

Fig. 7.24 Aperture Rx

Fig. 7.25 Oculentis Femtis 
IOL showing anterior 
mini-haptics
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The anterior capsulotomy has come a long way from its crude beginnings in the 
eighteenth century. Its role has also changed from allowing access to the lens 
nucleus, for its expression, to a means of holding an IOL. In this latter role, IOL 
manufacturers are now realising the possibility of using the perfectly sized and cen-
tred capsulotomies created by lasers to hold the IOL in place (Fig. 7.25). It is to be 
hoped that this will improve refractive outcomes further by making the effective 
lens position even more predictable.
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8The BIL Anterior Capsulorhexis

Sorcha Ní Dhubhghaill and Luc Van Os

8.1  Introduction

The first step in performing a BIL cataract surgery is to perform a well-centered and 
calibrated anterior continuous curvilinear capsulorhexis (ACCC). A well-implanted 
BIL relies heavily on the support of the capsule; the anterior capsulorhexis is also a 
central part of the operation. The ACCC has to fit snugly around the central optic of 
the lens, and at 5 mm diameter, it is smaller than the typical anterior capsulorhexis [1]. 
Oversizing the ACCC can result in a lens that is less stable than normal, and this can 
lead to rotation in the case of toric lenses. If the ACCC is undersized, then lens inser-
tion can be more difficult and can result in zonular trauma. In this chapter, we describe 
the ACCC technique that we use to facilitate a bag-in-the-lens intraocular implant.

8.2  Indications

All modern cataract surgeries require an ACCC, but since the BIL is a capsular- 
supported lens, it requires an adaptation to the standard technique. The anterior 
capsular opening required to accommodate the optic of the BIL implant is 5 mm, 
which is slightly smaller than the standard “in-the-bag” technique. Subsequently, the 
anterior rhexis becomes the guide for the primary posterior capsulorhexis (Chap. 7). 
Creating too large a capsulorhexis will risk lens instability and lens prolapse, too 
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small a capsulorhexis and the insertion of the lens is difficult and can stress the 
zonular suspension excessively. Femtosecond laser surgical technology can be used 
to create the optimal capsulorhexis, but we can also achieve a similar result through 
the use of a ring caliper device [2, 3]. The ring caliper is made from a material called 
PEMA which retains a memory of its shape. It can be injected through incisions as 
small as 1.2 mm and still returns to its original shape once inside the eye. The ring 
is available in both a 5 mm and 4.5 mm, for adults and children, respectively.

8.3  Surgical Technique

The anterior chamber is prepared by filling it with an ophthalmic viscosurgical 
device (OVD). We use both a k-hook ring inserter and a suture-tying forceps to 
place the ring. The posterior edge of the ring is grasped with the forceps to stabilize 
it, and it is led into the anterior chamber with the anterior notch of the k-hook at the 
anterior edge. Exerting a small amount of posterior tension with the forceps stretches 
the ring into a thinner, oblong shape and makes it easier to insert (Fig. 8.1).

Once the ring is halfway through the incision, the forceps can be released and the 
k-hook can complete the insertion alone. The ring is then pushed down onto the lens 
capsule. If the ring remains loose and suspended in the anterior chamber, then it will 
not remain stable during the capsulorhexis and will provide no guidance for the 
ACCC. We secure it by using the inferior notch of the k-hook inserter to push it onto 
the anterior capsule (Fig. 8.2).

The BIL is one of the few lenses for which the surgeon can determine exactly 
where they want to place the lens, and, as such, great care must be taken to align the 
lens correctly. There is currently some debate as to how to achieve the best 

Fig. 8.1 Insertion of the ring caliper using forceps and a k-hook
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centration. We use a combination of an Eye Cage device (Fig. 8.3), the Purkinje 
(Purkinje-Sanson) light reflexes, and the corneoscleral limbus.

Four Purkinje images are usually visible in a normal eye. The first (P1) can be 
seen from the outer surface of the cornea, and the second (P2) can be seen from the 
inner surface of the cornea. The third (P3) can be viewed from the anterior lens, 

Fig. 8.2 Positioning the ring caliper onto the anterior capsule

Fig. 8.3 Eye Cage device with P1 and the ring caliper visible centrally
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while the fourth (P4) can be seen through the reflection from the posterior surface 
of the lens. The fourth, unlike the other three images, is inverted (Fig. 8.4).

In general, we perform the technique under topical anesthesia so that the patient 
can be asked to fixate on a target. Then we use P1 and P4, as well as the corneo-
scleral limbus, to center the Eye Cage device. If the ring caliper is not well-centered, 
then the tip of the OVD cannula can be used to nudge the ring over the capsule and 
into position. Once the ring is in the correct position, then we inject OVD in a circle 
over the ring to lock it in place to prevent movement during the subsequent steps.

The ACCC can then be performed by using the surgeon’s own preferred tech-
nique. We use a microforceps to perform the rhexis, taking care to remain inside the 
guidance of the ring caliper (Fig. 8.5). Once the capsulorhexis is completed, we use 

Sclera

Iris
Cornea
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P2
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P4

Anterior chamber
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Fig. 8.4 Source of the 
Purkinje light reflexes

Fig. 8.5 Performing the ACCC in the center of the ring caliper
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the close tip of the microforceps to lift the ring off of the capsule and then grasp it. 
As we remove the ring, we also rotate the forceps to ease the ring’s removal. The 
phacoemulsification can then be continued as normal.

8.4  Complications

If the capsulorhexis is too small, then it is very difficult to insert the lens without 
stretching the capsular bag and damaging the zonules. In these cases, it is best to 
restart the rhexis and to widen it before proceeding. If the rhexis either runs out or 
is too large, then a BIL can still be placed; however, the PPCCC must be the correct 
size to support the lens. If there is a posterior capsular tear during the phacoemulsi-
fication, a BIL can still be implanted that is just supported by the ACCC and, thus, 
ensuring a perfect fit is essential. It is best to slightly undersize the capsulorhexis for 
a toric BIL, so as to ensure a very secure fit around the lens. If the rhexis is loose, it 
can lead to a rotation of the lens, and the corrective toric effect can be lost [4]. If the 
ACCC is too large to support the BIL and the PPCCC is not sufficient, the next step 
is to use Bean-shaped ring segments to support the lens. The Bean-shaped ring seg-
ment technique is described elsewhere (Chap. 16).

8.5  Core Messages

• Prepare your capsule by filling the anterior chamber and by flattening the 
capsule.

• Always use a ring caliper to ensure that the size and centration of the rhexis are 
correct.

• Check the position of the ring with an Eye Cage device.
• Stabilize or “lock” the ring on the surface anterior capsule to prevent slipping.
• Widen the ACCC if it is too small.

8.6  Instruments Used

The instruments listed are our preference, but similar ones can be used based on the 
surgeon’s own preference.
Item Description Manufacturer
OVD Healon, Healon GV Abbott Medical Optics, USA
IOL rotator Spatula Bausch & Lomb
Rycroft OVD cannula Steriseal, included in OVD 

package
Microforceps Ikeda angled 30° Capsulorhexis 23.0 g 

forceps
EyeTech Fr2268

Ring caliper PMMA ring with a 4.5 mm or 5 mm inner 
diameter

Type 4 L, 5, Morcher, Germany

8 The BIL Anterior Capsulorhexis



82

References

 1. Gimbel H, Neuhann T.  Developments, advantages, and methods of the continuous circular 
capsulorhexis technique. J Cataract Refract Surg. 1990;16:31–7.

 2. Tassignon M, Rozema JJ, Gobin L. Ring-shaped caliper for better anterior capsulorhexis sizing 
and centration. J Cataract Refract Surg. 2006;32:1253–5.

 3. Ni Dhubhghaill STM, Tassignon MJ. Regarding the open ring-shaped guider for a continuous 
curvilinear capsulorhexis. J Cataract Refract Surg. 2015;41:2592.

 4. Tassignon M, Gobin L. Toric bag-in-the-lens implant: why and how to implant. Expert Rev 
Ophthalmol. 2010;5:135–41.

S. Ní Dhubhghaill and L. Van Os



83© Springer Nature Switzerland AG 2019
M.-J. Tassignon et al. (eds.), Innovative Implantation Technique, 
https://doi.org/10.1007/978-3-030-03086-5_9

S. Ní Dhubhghaill (*) 
Department of Ophthalmology, Antwerp University, University Hospital, Edegem, Belgium
e-mail: sorcha.nidhubhghaill@uza.be

9The Posterior Capsulorhexis

Sorcha Ní Dhubhghaill

9.1  Introduction

The lens capsule is produced by lens epithelial cells (LECs) and is the thickest base-
ment membrane found in the body. The thickness of the capsule is not uniform and 
is thinner on the posterior surface than on the anterior. The posterior capsule can be 
as thin as 9 microns in some regions, far thinner than its anterior counterpart [1]. 
The capsule is composed of a membrane-like collagen structure that, separates the 
anterior from the posterior segments. Resident surgeons in their training years are 
taught to be very cautious and to guard the posterior capsule as accidental rupture of 
the posterior capsule is known to be associated with higher rates of postoperative 
complications [2]. Gimbal and Neuhann first described a technique for removing a 
central region of the posterior capsule as a means for preventing posterior capsular 
opacification (PCO) in high-risk cases [3]. While accidental posterior capsular rup-
ture is associated with vitreous loss and damage to the anterior hyaloid face, a 
planned and well-controlled primary posterior continuous curvilinear capsulorhexis 
(PPCCC) can be just as safe as operating with an intact capsule [4–6].

9.2  Indications for a PPCCC

The PPCCC is an essential step in the BIL surgical technique. However, it can also 
be applied to other situations too, such as in pediatric cataract and uveitis and for 
optic buttonholing [7, 8], and to repair accidental capsular ruptures [3]. It should be 
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noted that while PPCCC can be used to reduce the rate of PCO in high-risk cases, it 
does not eradicate PCO completely. The rate of visual axis reopacification in elderly 
patients can be up to 2% after 2 years [9], and 23–40% can experience partial or 
complete closure of the posterior capsulorhexis [10, 11] in high-risk cases such as 
pediatric cataract or uveitis. A PPCCC alone is, therefore, insufficient to preventing 
PCO in the long term. The BIL implant is the only lens that requires a PPCCC for 
implantation, and, given that it is our standard lens, we perform PPCCCs hundreds 
of times each year. Based on our experience, we have developed a standardized 
approach which is described in this chapter (Fig. 9.1).

Fig. 9.1 PPCCC step-by-step schematic

a

b

c
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9.3  Surgical Technique

Firstly, the anterior capsulorhexis is performed as described previously (Chap. 8). 
The ring of the anterior rhexis is used to determine the correct dimensions of the 
PPCCC without the need for the ring caliper’s reinsertion. The cataract may be 
removed using the surgeon’s preferred technique, but it should be noted that the 
ACCC is smaller in the BIL technique than it is in the standard lens-in-bag surgery; 
surgeons who use a chopping technique should bear this in mind. Once the lens 
nucleus and residual lens cortex have been removed, an ophthalmic viscosurgical 
device (OVD) is used to refill the anterior chamber but not the capsular bag - this is 
important.

We prefer to use a cohesive OVD (Healon GV; Abbott Medical Optics, USA) for 
various reasons. The injection should be performed over the plane of the iris so that 
it is compressing and flattening the anterior chamber while also refilling the eye. 
The goal here is to bring the anterior and posterior capsules together to make the 
lens implantation easier. Injecting OVD in a ring “donut shape” over the level of the 
iris can also express residual fluid out of the capsular bag, through the anterior cap-
sular opening. It also counteracts the posterior pressure, flattening the capsule, 
which is the optimal shape for performing a PPCCC. It is essential that no OVD be 
injected into the bag itself; filling the bag with OVD pushes the posterior capsule 
downwards and into a concave shape, making the process more difficult and less 
predictable when performing the PPCCC.

e

d

Fig. 9.1 (continued)
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The next step is to aspirate any residual lens fibers and fluid from the bag using 
a Helsinki cannula (1273E Steriseal Video 9.1). This step ensures that there is no 
OVD in the bag and that the anterior and posterior capsules are in apposition. The 
PPCCC starts with a small (30G or tuberculin) needle, used to create an opening 
(Fig. 9.2a). Be sure to take a moment to select the best place for the puncture, one 
that is easy to visualize, not obscured by the light reflexes, and not too peripheral 
and that will be the most comfortable for the subsequent rhexis hand maneuvers. 
The puncture should be performed in a lateral scratching motion, rather than in a 
downward puncturing motion; the former reduces the chance of inadvertently punc-
turing the anterior hyaloid face.

For the next step, we use a low-molecular-weight cohesive OVD (regular Healon 
OVD; Abbott Medical Optics, USA) with a Rycroft cannula, threading it through 
the small opening in the posterior capsule. The OVD is injected into the space of 
Berger. It typically starts as a “spaghetti string,” but it forms a more cohesive “blis-
ter” shape as it comes to fill the space between the capsule and anterior hyaloid. 

a b

c d

Fig. 9.2 Performing the puncture (a, c) and observing the widening “split” (b, d)
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The cushion OVD should be increased until it is slightly larger than the ACCC, 
thereby acting as a tamponade to possible vitreous loss. At this point, the small 
capsular opening will usually split open (Fig. 9.2b). The split’s size should be kept 
to one that is smaller than the ACCC. The surgeon must, therefore, be very focused 
when performing this step. This split is usually accompanied by a smooth edge and 
an edge with a flap. We use an Ikeda microforceps (Fr2268 EyeTech) to grasp the 
flap to perform the rhexis and match the dimensions of the anterior rhexis. With 
time, and through repeating the exercise, the surgeon will come to develop a feel 
for how and where the capsule will split during the OVD injection. This can be 
used to personalize the technique to each individual surgeon’s most comfortable 
hand position.

9.4  Complications

If the PPCCC is undersized, then inserting the lens can be difficult and can result in 
extra zonular stress. Extra effort should be taken, therefore, to widen small PPCCCs. 
We recommend using straight microscissors or back-cut microscissors to restart the 
rhexis, depending on the shape of the opening. We do not advise using the needle 
again because the position required to cut the capsule is too vertical and could inad-
vertently disturb the anterior vitreous. Once a small cut has been made, we use the 
microforceps to lift the flap and to widen the opening along an arc, thereby increas-
ing the size of the aperture. Once it is wide enough, the flap is pulled centrally to 
complete, and to restore, the continuous curvilinear shape.

In cases of zonular instability, the lack of counter traction makes the PPCCC 
more complex and less predictable. In these cases, we use a capsular tension ring 
(CTR) to provide the necessary counter traction. The sizing of the CTR is very 
important; too small a size will provide little counter traction, too large a size 
will stretch the capsule like a drumhead, and the PPCCC puncture may elicit a 
very large capsule tear, rather than a small and discrete puncture. We generally 
select a CTR 1–2 mm smaller than the white-to-white measurement, which most 
often corresponds to an 11 mm CTR. We also recommend the routine insertion 
of a CTR in patients with an axial length ≥26.0 mm because larger eyes tend to 
have larger capsules, requiring additional stabilization to prevent wobbling of the 
BIL.

If the ACCC is larger than the normal 5 mm, or in cases of lens exchange for 
which the ACCC is irregular, the creation of the PPCCC requires the insertion of the 
ring caliper for size and centration. In these cases, the ring is inserted as described 
previously and rested on top of the anterior/posterior capsule complex; it is removed 
once the PPCCC is complete (Fig. 9.3).

9 The Posterior Capsulorhexis
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9.5  Core Messages

• Prepare your capsule by filling the anterior chamber and flattening the capsule.
• Do not fill the capsule with OVD.
• Do not puncture downward; use a lateral movement instead.
• Observe how the OVD collects in the space of Berger.
• Widen the PPCCC if it is too small.
• Use a CTR to provide a more stable bag, if necessary.
• If your ACCC is not the correct size or shape, then the ring caliper can be used to 

provide the correct sizing of the PPCCC.

9.6  Instruments Used

The instruments listed below are our preferred instruments, but similar ones can be 
used based upon the surgeon’s individual preference.

Item Description Manufacturer
OVD Healon, Healon GV Abbott Medical Optics, USA
Helsinki Aspiration cannula Hurricane Medical, Steriseal 

1273E
Rycroft OVD cannula Steriseal, included in OVD 

package
Microforceps Ikeda angled 30° Capsulorhexis 23.0 g 

forceps
EyeTech Fr2268

Microscissors 
straight

Straight scissors, curved shaft EyeTech Fr2275

Microscissors
back cut

23G scissor 45° EyeTech VR1514

Capsular tension 
ring

PMMA 11–13 mm Type 14C Morcher, Germany

Fig. 9.3 Using the ring 
caliper to perform the 
PPCCC in a post trauma 
case
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10Lens Preparation and Folding

Sorcha Ní Dhubhghaill

10.1  Introduction

Once the matching anterior and posterior capsulorhexes are complete, the next step 
is to prepare and to fold the lens implant. The BIL implant is an acrylic hydrophilic 
lens with a 28% water content making it a very flexible lens [1]. The total diameter 
of the lens, from haptic to haptic, is 7.5 mm [2]. The central optic diameter is 5 mm. 
The lenses are available as standard from 10.0D to 30.0D in 0.5 diopter increments, 
but other powers as well as toric versions are available upon request. Toric correc-
tions are also available on request. A preloaded injection system is not yet on the 
market, so the lens must be folded manually. In this chapter, we describe our tech-
nique for lens preparation and folding.

10.2  Surgical Technique

We use a non-toothed suture-tying forceps to lift the lens out of the lens packaging. 
Care should be taken not to touch the central optic, because the lens is made out of 
a hydrophilic material and any contact can reduce the quality of the implant. The 
lens is lifted by the haptic groove as shown below (Fig. 10.1).

There are currently two injection systems used for BIL implantation, both avail-
able from Medicel. The standard injector (Medicel ACCUJECT 2.5-3P LP604540) 
can be used for all diopters, but it does require a 2.8 mm incision for implantation. 
This system comes in two pieces, the injector and a loading unit. The IOL is dropped 
onto the loading unit and is aligned with the anterior haptic horizontally and the 
posterior haptic vertically (Fig. 10.2). For a non-toric lens implant, there is no dif-
ference between the anterior or posterior surfaces; thus, it is not possible to place it 

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-03086-5_10&domain=pdf
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Fig. 10.1 Lifting a toric 
BIL implant by the haptic 
edge

Fig. 10.2 Placing the lens 
on the loading unit

upside-down. Toric lenses must have their toric alignment markers anteriorly prior 
to loading so care must be taken to check the lens before the loading and folding. 
This cannot be done with the naked eye and should be done under microscope guid-
ance (Fig. 10.3). The newer Medical injectors are one-piece systems that are avail-
able for smaller incisions. In general, I use a 2.2 mm injector for lens diopters of 24 
or less. Between 24 and 26 diopters, I use a 2.6 mm, and for 27 diopters and above, 
I inject the lens through a 2.8 mm incision. The tip of the injector is more angled 
than the previous generation of injectors, so you have to be careful that the lens is 
not injected too deeply. Be sure to angle the injector so that the lens opens in the 
anterior chamber, above the bag. If you find that the lens tends to dive too deeply, 
you can you a side port instrument in your non-dominant had while you inject, as a 
barrier to guide the lens in the anterior chamber.

S. Ní Dhubhghaill
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Aligning the posterior haptics vertically puts them in the best position to tuck it 
under the ridge of the loading unit with the suture-tying forceps (Fig. 10.4).

Ensuring that the haptics are well tucked into the cartridge makes the folding of 
the lens more secure. Once the lens is in place, the cartridge can be filled with OVD 
(Fig. 10.5), and the lens is ready to be folded. Lower-diopter, thinner lenses are 
easier to fold than the higher diopters. When folding the lens, a useful tip is to 
observe the folding from the side so that you can better see that the lens is folding 
into the cartridge in the correct direction. Occasionally, the lens can fold in the 
opposite direction; forcing the fold can damage the lens.

Once the lens has been folded, the cartridge is inserted into the injector and 
locked into place. The blue plunger is advanced into the cartridge and the lens is 
pushed into the tip of the injector. The lens can be seen folding into a roll as it is 
advanced towards the tip (Fig. 10.6).

Fig. 10.3 Tilting the toric 
lens to confirm the anterior 
location of the toric marking

Fig. 10.4 Tucking the 
posterior haptics into the 
loading unit
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Fig. 10.5 Coating the lens 
and filling the cartridge with 
OVD

Fig. 10.6 Advancing the 
lens to the tip of the injector

Since the anterior chamber has already been filled with OVD during the PPCCC, 
we empty the extra OVD out of the cartridge prior to injection. The second lens 
injection system is the ACCUJECT 2.2-1P (LP604540). These injectors are a one- 
piece system with the cartridge already attached to the injector. The lens is dropped 
onto the loading area, aligned as previously (Fig. 10.2) and is then slid under the 
plastic cover with a tying forceps. It can then be folded and prepared for injection.

10.3  Complications

Occasionally, the haptics can be folded during the injection process. This appears as 
a ripple in the haptics of the BIL and if it occurs, the groove is closed off and the 
implant cannot be implanted in the capsular opening. The solution in this case is to 
hold one of the haptic’s flanges to stabilize the lens and to use a second instrument 
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to open the groove. We tend to use a blunt IOL rotator (Bausch and Lomb), and once 
the tip of the instrument enters the groove, you can see a popping action as the hap-
tics return to their normal position. The lens can now be inserted as normal.

10.4  Core Messages

• Never touch the central optic when manipulating the lens; lift the lens by the 
peripheral haptic edge.

• Ensure that there is plenty of OVD in the lens cartridge to lubricate the lens fold-
ing and injection.

• Become familiar with the feel of folding the lens. There should be some mild 
resistance with lower-power lenses folding more easily than higher-power ones.

• If the resistance is too high, do not force the lens to fold, given that it is likely in 
the wrong position. Recheck the lens placement in the cartridge, add more OVD 
and try folding the lens again.

• Angle the injector to ensure that the lens opens over the bag and doesn’t dive into 
the vitreous. A side-port instrument can help.

10.5  Instruments Used

The instruments listed below are our preferences, but similar ones can be used based 
on the surgeon’s preference.

Item Description Manufacturer
OVD Healon, Healon GV Abbott Medical Optics, USA
2.8 mm injector Two-piece injection set ACCUJECT 2.5-3P LP604540, 

Medicel, Switzerland
2.2 mm to 2.6 mm 
injector

One-piece injection set ACCUJECT 2.2-1P LP604500, 
Medicel, Switzerland

Microforceps Ikeda angled 30° Capsulorhexis 
23.0 g forceps

EyeTech Fr2268
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11BIL Lens Insertion

Sorcha Ní Dhubhghaill

11.1  Introduction

The BIL insertion technique differs from that of standard lenses. While most lenses 
can be injected directly into the capsular bag, the BIL requires a two-step approach. 
The key to safe BIL cataract surgery is to always respect and preserve the anterior 
hyaloid face. Disrupting the face can result in complications such as cystoid macu-
lar edema and retinal detachment, while maintaining an intact vitreous makes BIL 
cataract surgery just as safe as the standard lens in the capsular bag approach, with 
all the additional BIL benefits.

11.2  Lens Insertion

The BIL can be injected through wounds as small as 2 mm, depending on the sur-
geon’s preference and the refractive power of the implant. The larger lenses (>28 
dioptre spherical power) can be prone to damage if squeezed through a small wound 
and should be injected though larger, 2.6 mm incisions. In this chapter, we describe 
our approach to the safe injection and placement of the BIL implant.
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org/10.1007/978-3-030-03086-5_11) contains supplementary material, which is available to 
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11.3  Surgical Technique

The lens is slowly injected into the anterior chamber. Aim to inject the lens over 
the anterior capsule and not directly into position. Trying to inject the lens immedi-
ately into the two capsulorhexes is more uncontrolled and runs the risk of causing 
vitreous prolapse. We therefore break down the lens insertion into two steps. The 
first step is to inject the lens into that anterior chamber over the level of the iris, 
by holding the injector at a low angle (Fig. 11.1). If you find that the lenses tend 
to inject too deeply and dive through the posterior rhexis you can use a side port 
instrument in your non-dominant hand to guide the IOL and keep it horizontal and 
in the  anterior chamber.

Once the lens unfolds, any cellular material or blood behind the lens can be aspi-
rated using a Helsinki cannula. Taking this step ensures that there will be no mate-
rial behind the lens after insertion because there is no method of removing it. After 
cleaning any retrolenticular haze, the lens is then pushed down on top of the anterior 
capsule by injecting a cushion of OVD over the lens. This not only stabilizes the 
lens for insertion, but it also provides another moment where the anterior and pos-
terior capsules can be pushed together to ease insertion (Fig.  11.2). The biggest 
obstacle to simple lens implantation is the separation of the two capsular layers.

Inserting the lens starts by tilting the posterior haptic under the posterior capsule 
and pushing laterally, placing both capsules in the lens groove (Fig. 11.3). This step 
starts the process of capturing the capsules in the groove. During this movement, the 
cushion of OVD behind the lens will start to move toward the anterior chamber, 
thereby reducing the amount of OVD in the space of Berger, but the vitreous does 
not typically follow.

Fig. 11.1 Controlled injection of the lens into the anterior chamber
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The lens implant is then gently moved vertically over and back from the sur-
geon’s 12 o’clock position to encourage the capsules to slide into the lens groove, 
under the anterior haptics (Fig. 11.4). This process continues until the majority of 
the capsules are captured in the groove and only the second posterior haptic is still 
out of the capsule.

The OVD cannula is then used to gently push the second posterior haptic down-
wards (Fig. 11.5). Successful capsule capture is usually indicated by a “snapping” 

Fig. 11.2 Injection of Healon over the lens to push it back onto the capsule

Fig. 11.3 Tilting the posterior haptic and catching both capsules in the lens groove

11 BIL Lens Insertion
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Fig. 11.4 Gentle vertical movements are used to encourage the capsules into the groove

Fig. 11.5 Positioning the second posterior haptic and completing the insertion
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of the rest of the capsule into the groove indicating correct lens positioning. During 
the learning curve, careful inspection of the lens and capsule at this point is needed 
to ensure that both capsules remain in the lens groove. During the learning curve, 
one of the challenges of the BIL technique involves keeping the anterior and poste-
rior capsules together. This is key in making the lens implantation easier. This is 
achieved by counteracting the vitreous pressure and by maintaining a positive pres-
sure in the anterior chamber.

11.4  Complications

Occasionally during injection, the BIL can partially prolapse through the capsular 
openings, into the space of Berger. The lens can also fall into the posterior segment 
in patients who have had a vitrectomy previously. This can be avoided by tilting the 
injector to keep the aperture angled in the direction of the anterior chamber or by 
using a side port instrument. This can be resolved easily if it does happen however. 
Using the OVD cannula, inject a cushion of OVD under the lens to lift it into the 
anterior chamber. This can position the lens where it needs to be for insertion with-
out disturbing the anterior hyaloid face (Fig. 11.6).

An alternative implantation technique can be used, in the event that the capsular 
opening is a bit small or the zonulae are weak. The lens is first stabilized with the 
surgeon’s non-dominant hand using a nucleus rotator. A hooked instrument is then 
slowly slid under the lens, and the capsular edge is grasped by the hook (Fig. 11.7). 
The lens is then held by one instrument, as the second instrument leads the bag 
gently into the groove. This technique is particularly useful when the lens is misbe-
having and seems too tricky to insert in the normal way.

Time: 2015-03-05 10:36:05

Fig. 11.6 Intraoperative OCT imaging showing both capsular layers captured in the groove
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11.5  Core Messages

• Ensure that the anterior and posterior capsules are apposed prior to lens 
insertion.

• If the capsules are not on top of each other, the IOL can be used to push the ante-
rior capsule down to meet the posterior, bringing them together prior to inserting 
the IOL.

• If the anterior or posterior capsulorhexis is too small, enlarge the opening as 
described previously (Chap. 8).

• If there is any zonular weakness, the lack of countertraction can make insertion 
of the IOL very difficult; try using the bimanual insertion technique.

a b

Fig. 11.7 Bimanual BIL implantation technique
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12Toric BIL Implantation

Luc Van Os

12.1  Introduction

Cataract surgery offers the possibility to make a patient independent of spectacles. 
However, for a long time, corneal astigmatism was not corrected at the lenticular 
level when implanting an IOL during cataract surgery. With the introduction of toric 
intraocular lenses, the possibilities to improve uncorrected distance visual acuity 
(UCDVA) have become available. In a recent review, UCDVA was better, and there 
was more spectacle independence with toric IOLs than with non-toric IOLs [1].

As a consequence of its design, the centration of the BIL is very stable over time 
and can be accurately determined by the surgeon [2, 3]. Furthermore, the rotational 
stability of the BIL has proven to be very good, with a mean rotation of 0.36 ± 1.39° 
at 6 months after implantation [4]. It has also been proven that the surgically induced 
astigmatism (SIA) after BIL surgery with a 2.8 mm temporal self-sealing corneal 
incision is not statistically significant [5].

These three parameters indicate that the BIL is very suitable for adding a toric 
element to the IOL.

12.2  Indications for Toric BIL

It is important to differentiate the total astigmatism of the eye from the pure corneal 
astigmatism, which is the component that will be corrected when implanting a toric 
IOL. To that end, it is the keratometric values that are determinative to make the 
indication for a toric implant.

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-03086-5_12&domain=pdf
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In a Danish series from 2002–2013, 20% of non-pediatric patients who under-
went cataract surgery showed a preoperative corneal astigmatism of 1.5D or greater 
[6]. This indicates that the number of patients who might profit from a toric implant 
is quite important.

A toric BIL can be used for patients with corneal astigmatism of 1D or higher, as 
it has been proven that surgically induced astigmatism (SIA) is very low in BIL 
implantation with self-sealing temporal corneal incision [5]. In a study from our 
department, it was also shown that limited irregular astigmatism can also be cor-
rected with a toric BIL, provided that the irregularity does not exceed 15° [7].

12.3  Pre-Surgical Planning and Calculation of the BIL

The toric element of the BIL is added on the anterior side of the optic, given that the 
optic power of the toric element is greater when it is closer to the cornea. The pres-
ence of the toric element on the anterior surface of the BIL is pointed out by two 
round etchings on the edge of the optic that indicate the cylinder axis.

The haptics of the toric BIL and the circumferential size of the lens are identical 
to the standard BIL design.

The formula used to calculate the IOL is based on the SRK/T formula but uses a 
customized A-constant approach [8].

For the calculation of the toric BIL, a customized worksheet functions as the 
order form for the implant. It includes the keratometric values and the axial length 
and proposes different IOL options with their respective planned outcome. Two 
schematic drawings are pictured, indicating the cylinder axis (bold black line), 
marked by the two etchings (represented by two red circles) and the power axis (yel-
low line). These can help as a final reminder of the correct lens position during 
surgery.

A new calculation sheet in which posterior corneal astigmatism is taken into 
account for the calculation of the implant has recently been developed and will be 
validated and compared to the existing formula in the near future.

For more detailed information on the calculation of the toric BIL, the paper writ-
ten by Gobin et al. [8] is a valuable resource.

12.4  Surgical Technique

Before the actual surgery starts, axis markings are made on the corneal epithelium. 
Various techniques have been described to do this [9–11], which technique you use 
is not of importance in terms of the implantation of a toric BIL. You should use a 
technique that you feel comfortable or familiar with and that provides you with reli-
able and accurate marks.

L. Van Os
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Several microscope-assisted projections of the axis have recently become avail-
able or are in development. These can be very helpful for this part of the surgery in 
the future, but are not yet standard procedure in our hospital.

Once the surgery is initiated, special care should be taken regarding the centra-
tion of the ring caliper before performing the anterior capsulorhexis, as described in 
Chap. 6. Verifying the centration with the Eye Cage instrument is very helpful in 
these cases. It is also important not to oversize the capsulorhexis, as this might result 
in weaker constriction around the optic and thus in the possible rotation of the 
implant afterwards. The following steps of the surgery proceed as in a standard BIL 
surgery, again taking care for a carefully sized and matched posterior 
capsulorhexis.

When loading the IOL in the cartridge for injection, the toric element should be 
placed anteriorly; they can easily be recognized by the etchings that are added to 
indicate the cylinder axis. Loading the BIL under the microscope can offer addi-
tional reassurance of its correct positioning in the cartridge.

After the injection in the anterior chamber, it is helpful to already position the 
IOL according to the desired axis, before trapping the capsular blades in the periph-
eral groove. Rotating the IOL is easier while it is still unfixed in the anterior cham-
ber, and it will avoid unnecessary traction on the capsular bag and zonular fibers. 
Once the IOL is approximately aligned in this way, the capsule is positioned in the 
groove as described in Chap. 9, and the last rotational movements toward the exact 
position can be performed. This is done by positioning a blunt instrument, such as 
the tip of the Rycroft cannula on the OVD syringe in the slight dip made by either 
of the two etchings on the lens surface. This offers enough grip to make small rota-
tional movements. Once the lens is in the correct position, surgery can again pro-
ceed according to the usual protocol.

12.5  Complications

The main complications specific to toric BIL implantation are due to incorrect posi-
tioning of the BIL implant. It is important to remember that the etchings on the IOL 
indicate the cylinder axis, which will be perpendicular to the power axis. To avoid 
incorrect positioning, verify the positioning of the IOL by reviewing the patient’s 
biometric parameters and the order form for the IOL before starting the surgery.

Another possible pitfall concerns positioning the IOL in the cartridge. The etch-
ings on the IOL are on the same side as the toric element and should be anteriorly 
placed. Loading the lens under the microscope can be helpful in case you feel unsure 
about the position of the IOL in the cartridge. If the IOL is mistakenly implanted 
with the toric element positioned posteriorly, it can theoretically result in a decrease 
of up to 0.2 diopter in cylindrical power [8].

12 Toric BIL Implantation
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Postoperative rotation is rare but can occur. In this case, the rotation of the IOL 
can be done easily. Because the haptics do not go all the way into the capsular bag 
as is the case with more classic lens designs, it is easier to mobilize the lens within 
the rhexis ring. After mobilizing the lens, it can be rotated using a blunt instrument 
and taking hold of one of the etchings on the lens. If rotation reoccurs, for example, 
in cases where very little capsule fibrosis occurs, the placement of bean- shaped seg-
ments can help in stabilizing lens position (Chap. 18).

In cases with irregular astigmatism, a certain amount of astigmatism can per-
sist. This can be addressed with the use of contact lenses or corneal refractive 
procedures.

12.6  Practical Example

A 44-year-old patient presented with a cataract related to myotonic dystrophy 
(Steinert disease). Preoperative biometric measures for the left eye are shown below 
(Figs. 12.1 and 12.2).

The keratometric data from the Scheimpflug imaging and the axial length from 
the biometry are then added to the order form, which exists as an Excel worksheet 
(imaged below: Fig. 12.3). The worksheet will generate different options with their 
respective expected outcomes. The surgeon can then adjust the suggested IOL to his 
or her liking and can then send the form to the manufacturer. Figure 12.4 shows the 
postoperative positioning of the IOL in this patient.

Fig. 12.1 Scheimpflug imaging of the left eye
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Fig. 12.2 Haag-Streit Lenstar biometry
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Fig. 12.3 Order form
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12.7  Core Messages

• BIL offers excellent and surgeon-controlled centration.
• BIL is rotationally stable.
• The round etchings on the lens indicate the cylinder axis.
• Toric element should be placed on the anterior side.

12.8  Instruments Used

The instruments listed are our preference but similar can be used based on the pref-
erence of the surgeon.

Item Description Manufacturer
OVD Healon, Healon GV Abbott Medical Optics, USA
Rycroft OVD cannula Steriseal, included in OVD 

package
Eye Cage Alignment device EyeTech LCD305B, UK
Bean-shaped segments 
(type 80 A–F)

Sulcus-positioned IOL- 
stabilizing device

Morcher, Germany
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13The BIL Exchange Technique

Sorcha Ní Dhubhghaill and Clare Quigley

13.1  Introduction

Intraocular lenses are not typically implanted with the intention of removing them. 
Once a lens in the bag IOL is implanted within the capsule, a capsular response 
begins, mediated by the residual lens capsule epithelial cells (LECs) [1]. The cells 
proliferate and wrap around the optics and haptics of the implant. If such a lens 
needs to be explanted, separating the capsule from the implant can be extremely 
challenging, particularly in the regions around the haptics [2]. Lens design, bioma-
terial, duration of time in situ, and the presence of an Nd-Yag laser capsulotomy 
all influence the technical difficulty of removing an intraocular lens. Postoperative 
complications of lens in the bag IOL exchange may include posterior capsular opaci-
fication, vitreous prolapse, cystoid macular oedema, and increased astigmatism [3].

In the case of the BIL, the implant’s unique design features haptics which rest 
outside of the capsule, sealing the LECs in the groove. This allows for the restriction 
of the LECs from encapsulating the lens as well as the well-recognised prevention 
of posterior capsular opacification. This results in an IOL that is significantly easier 
to remove and to replace than a lens in the bag, even many years after the original 
implantation.

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-03086-5_13&domain=pdf
mailto:sorcha.nidhubhghaill@uza.be


112

13.2  Indications for a BIL Exchange

Like most other hydrophilic acrylic intraocular lenses, the BIL is susceptible to 
optic opacification, though this occurs rarely [4]. In these cases, the opacification is 
due to the deposition of calcium and phosphorous within the IOL biomaterial. In the 
case that we reported, these opacities manifested clinically 10 years after the origi-
nal implantation. We have estimated the rate of BIL opacification to be approxi-
mately 0.06% [4]. The other leading indication for BIL exchange in our centre is 
unexpected refractive outcome or ‘refractive surprise’. It can occur in situations in 
which the preoperative measurements, on the basis of which the IOL power is cal-
culated, are not sufficiently accurate. This tends to occur in ‘outlier’ cases such as 
extreme myopia and hypermetropia, previous radial keratotomy (RK) and keratoco-
nus in our centre. An increasing indication is also provided by the dissatisfied 
minority of patients who receive multifocal IOLs (MIOLs) and experience vision 
quality problems including glare and blur.

13.3  Surgical Technique

Surgery may be performed under topical or regional anaesthesia, based on the sur-
geon’s preference. We recommend a 3-step temporal main incision of 2.8 mm and a 
1 mm paracentesis. An intracameral injection of 0.1 mL adrenaline (1:1000) diluted 
in 0.9  mL preservative-free xylocaine is used to supplement the anaesthesia and 
pupil dilation. Ophthalmic viscosurgical device (OVD) is then injected into the ante-
rior chamber. Our preferred OVD for this purpose is Healon GV (Abbott Medical 
Optics, USA). The lens can then be mobilised and released from the capsular bag by 
rotating the IOL.  If the implant can be rotated, the capsule is free and unstuck, 
thereby making the subsequent step easier. An IOL rotator (Bausch & Lomb) and the 
OVD cannula are used to disengage the bag from the groove of the BIL (Fig. 13.1).

Fig. 13.1 Disengaging the lens from the capsule
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Once a little gap has been made, the OVD cannula can be advanced behind the 
lens and a cushion of OVD can be injected behind the lens optic (Fig. 13.2).

This has the combined benefits of both pushing the lens up into the anterior 
chamber and also pushing the anterior hyaloid down, thereby preventing vitreous 
prolapse during the removal. We use a lasso lens cutter (Moria Surgical, France) to 
bisect the lens, though a Vannas scissors or a femtosecond laser may also be used 
[4]. The lasso is inserted into the anterior chamber through the main incision and by 
a microforceps in the paracentesis. Using the forceps, the edge of the lens can be 
grasped and threaded through the loop of the cutter (Fig. 13.3).

Fig. 13.2 Injecting OVD behind the lens to lift it into the anterior chamber

Fig. 13.3 Guiding the lens into the lasso with the microforceps
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The lens is advanced until it is aligned in the centre of the loop, with the haptics 
adopting an X shape. The microforceps can then be removed to allow for the two- 
handed cutting movement to bisect the lens. The lasso can be used to cut lenses up 
to +30 dioptres, though thicker lenses take more effort to cut and should be done 
slowly (Fig. 13.4).

A toothed forceps can be used to remove the two lens pieces. If the lens pieces 
are still too difficult to remove, then the wound can be enlarged or the lasso can be 
used to cut the lens even smaller. When all the lens pieces have been removed, the 
anterior chamber should be inspected to ensure that there is no presence of vitreous 
prolapse. In most cases the cushion of OVD is enough to tamponade the vitreous, 
but if the lens removal is difficult, then an anterior vitrectomy may be required. Once 
this step has been completed, a new BIL can be injected into the anterior chamber 
and implanted into the opening in the same way as with the original lens. The case 
can then be completed like a normal BIL procedure as described previously.

13.4  Complications

The lens pieces should be grasped by the optic, rather than by the haptic, given that 
they tend to break during extraction. Scissors can also be used to cut the IOL, but 
great care should be taken to keep the lens stable and to prevent disturbance to the 
anterior hyaloid. It should also be noted that the best lens to replace a BIL is another 
BIL.  The anterior and posterior capsules begin to fuse relatively quickly after 
implantation, and opening them to implant a lens in the bag would be very difficult. 
The presence of a PPCCC also makes intracapsular lens implantation very difficult. 
A three-piece lens could be implanted in the sulcus, with or without an attempt at 
optic capture, but we would still advise a BIL wherever possible.

Fig. 13.4 The slow squeezing mechanism of the loop will bisect the lens in a controlled way

S. Ní Dhubhghaill and C. Quigley



115

13.5  Core Messages

• Rotate the BIL before trying to remove it to ensure the capsule is completely 
unstuck.

• Disengage the lens at the surgeon’s 12 o’clock position by retrieving the capsules 
out of the lens groove and pushing the posterior haptic down towards the vitreous 
allowing to Healon needle to find its way behind the lens optic.

• Inject a cushion of OVD behind the lens optic to lift the lens out of the capsule, 
into the anterior chamber.

• A lens lasso provides a very controlled way to bisect the IOL in situ and can 
work for lenses up to +30 dioptres.

13.6  Instruments Used

The instruments listed are our preference, but similar ones can be used based accord-
ing to the surgeon’s preference.

Item Description Manufacturer
OVD Healon, Healon GV Abbott Medical Optics, USA
IOL rotator Spatula Bausch & Lomb
Rycroft OVD cannula Steriseal, included in OVD 

package
Microforceps Ikeda angled 30° Capsulorhexis 23.0 g 

forceps
EyeTech Fr2268

IOL lasso 
cutter

Looped wire IOL lens cutter Moria Surgical Instruments, 
France
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14Femtosecond Bag-in-the-Lens  
Cataract Surgery

H. Burkhard Dick, Tim Schultz, and Ronald D. Gerste

14.1  Introduction

That phacoemulsification is the leading, maybe even the optimal, method to per-
form cataract surgery is a notion that is widely shared by many ophthalmologists. 
But as if giving life to the old conventional wisdom that good is good but better 
carries it, an increasing number of cataract surgeons have embraced a new technol-
ogy introduced by Zoltan Z Nagy in 2008. The femtosecond laser was already well 
established in corneal refractive surgery; its use in cataract surgery has grown 
steadily over the last decade. The femtosecond laser can – as of now – perform cor-
neal incisions, capsulotomy, lens fragmentation, and arcuate incisions to treat 
astigmatism.

Whether femtosecond laser-assisted cataract surgery (usually abbreviated as 
LCS = laser cataract surgery) is actually better than conventional phacoemulsifica-
tion or what the distinct advantages of the one method over the others are has been 
the subject of a number of studies and published personal opinions. The final verdict 
has not yet been spoken and probably never will – laser cataract surgery is an ongo-
ing development, and current techniques might be improved if not outdated within 
just a few years.

Some studies trying to assess the merits of one method versus the other suffer, 
however, from lack of an adequate matching. Comparing phacoemulsification 
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versus LCS sometimes resembles the old adage of apples that cannot be compared 
to oranges. Patients choosing LCS to a large degree opt for a premium IOL. One 
large, recent study compared more than 2800 LCS cases with almost 5000 con-
ventional phacoemulsification cases. In the former group, multifocal, toric, multi-
focal toric, and accommodating IOLs were inserted in almost 43% of the LCS 
group  – and in a combined less than 1% in the standard phacoemulsification 
group. The limits of comparing two populations with such huge differences are 
quite obvious [1].

A Cochrane review based on 16 randomized controlled trials (RCTs) enrolling a 
total of 1638 eyes found little evidence of any important difference in postoperative 
visual acuity between LCS and standard phacoemulsification; a small advantage for 
LCS was noted at 6 months in best-corrected distance visual acuity (CDVA) [2]. A 
recent analysis based on 14,567 eyes from 15 randomized trials and 22 observa-
tional studies found no statistically significant differences between the two methods 
in postoperative corrected as well as uncorrected distance visual acuity and in post-
operative refractive error. Some safety parameters were significantly in favor of 
LCS like capsulotomy circularity, postoperative corneal thickness, and in the reduc-
tion of corneal endothelial cells [3, 4]. In most of our patients, we are able to per-
form cataract extraction and IOL implantation with “zero phaco”  – without any 
ultrasound utilization at all. That, in our view, contributes to the high safety profile 
of LCS.

The femtosecond laser has proven particularly precise and effective when it comes 
to opening the capsule. It has been well established that the femtosecond laser creates 
better capsulotomy geometry and circularity than the manual capsulorhexis [5]. 
Numerous studies confirmed that these circular capsular openings surpass the man-
ual technique of continuous curvilinear capsulorhexis with improved IOL-capsule 
overlap. Capsulotomies performed by the femtosecond laser reduce the probability 
of IOL decentration and tilt [6]. The earlier the capsular bag diameter stabilizes, the 
better for a more predictable effective lens position, IOL power calculations, and 
refractive outcomes. Measuring capsular bag shrinkage in 53 eyes that underwent 
LCS and in 53 fellow eyes that underwent manual phacoemulsification, the LCS 
group had significantly less capsular bag shrinkage than the standard group at 1, 2, 
and 3 months, with a mean difference of 0.33 ± 0.25 mm at 3 months [7].

The impressive precision of the laser pretreatment and its safety are factors of 
significance when planning surgery with a sophisticated approach  – like 
bag-in-the-lens.

14.2  Methods/Technique

As other authors in this volume have well noted, creating appropriately sized and 
centered capsulorhexes relative to each other is important in BIL implantation. An 
optimal IOL centration is dependent on the position of the two capsulorhexes [8], 
the latter being a term used for manually performed continuous curvilinear capsu-
lorhexis (CCC), while the same step performed by a laser system should more 
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adequately be called a capsulotomy [9]. In BIL implantation, creating a manual 
posterior capsulorhexis has repeatedly been described as being quite demanding, 
maybe even impossible in some cases [10].

The femtosecond laser with its ability to create perfectly centered, reproducible 
circular capsule openings can be employed for both anterior and posterior capsu-
lotomies. In our experience, facilitating the creation of the posterior capsulotomy 
with an image-guided femtosecond laser provides precise control of size and centra-
tion symmetry with the anterior capsulotomy and reproducibility that is technically 
difficult with traditional manual techniques.

The surgical technique of employing the femtosecond laser in BIL cataract sur-
gery can be described in ten steps.

14.2.1  Step 1: Planning

While in LCS the patient is normally docked to the laser (we are using the Catalys 
platform [Johnson and Johnson Vision]) and the different steps – anterior capsulot-
omy, lens fragmentation, and corneal incisions, if desired – are done in short succes-
sion, femtosecond BIL cataract surgery requires two separate laser treatments for 
each eye. The treatment parameters we are usually choosing are 5.0 mm diameter 
and pulse energy of 4 mJ for the anterior capsulotomy. The incision depth is 600 mm. 
For the lens fragmentation, grid spacing of 350 mm or 500 mm and pulse energy of 
9.5–10 mJ are used. For the second capsulotomy treatment, a 4.6 mm diameter pos-
terior capsulotomy with energy of 4 to 10 μJ is used (Fig. 14.1).

Fig. 14.1 Laser planning 
screen with corneal main 
incision, arcuate incisions, 
capsulotomy, and lens 
fragmentation

14 Femtosecond Bag-in-the-Lens Cataract Surgery



120

14.2.2  Step 2: First Docking

The suction ring (Liquid Optics interface [Johnson and Johnson Vision]) is placed 
on the eye, and the first vacuum is activated to stabilize the eye. The suction ring is 
then filled with a balanced salt solution. A second suction is created between the 
suction ring and the non-applanating disposable lens (Fig. 14.2).

14.2.3  Step 3: Image Guidance

The three-dimensional full-volume optical coherence tomography (SD-OCT) 
image guidance system will determine the location and dimension of the cornea, 
the anterior chamber, the anterior capsule, and the posterior capsule, as well as the 
thickness of the crystalline lens. In almost all cases, the software automatically 
identifies the surfaces, and the surgeon has to confirm only the planned treatment 
that was customized based on the anatomical surfaces of the eye. The anterior 
capsulotomy can be centered automatically on the pupil or the scanned capsule. 
Additionally, the high-resolution cross sections of the anterior segment displayed 
to the surgeon often provide visualization of Berger’s space and the anterior hya-
loid surface, knowledge of which can be valuable in subsequent steps in the tech-
nique (Fig. 14.3).

14.2.4  Step 4: Laser Treatment

The surgeon confirms the treatment plan and presses the pedal to commence treat-
ment. On this first docking, the anterior capsulotomy, lens fragmentation (segmen-
tation and softening), and corneal incisions (if desired) are performed. After 
finishing the laser treatment, the surgeon undocks the eye and proceeds with lens 

Fig. 14.2 Sterile position-
ing of the suction ring on 
the eye of the patient
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Fig. 14.3 Infrared camera 
view of the laser system. 
The capsulotomy is centered 
on the capsular bag, the 
fragmentation of lens on the 
pupil

Fig. 14.4 Infrared camera 
view of the laser system 
during the treatment in a case 
with arcuate incisions and 
corneal main incision

removal. After the initial laser treatment, the patient interface is stored in a sterile 
cup holder (Fig. 14.4).

14.2.5  Step 5: Phacoemulsification and Lens Removal

The lens is removed like in any routine cataract surgery; using irrigation/aspiration 
in softened cataracts and phacoemulsification in denser, harder lenses (Fig. 14.5).

14 Femtosecond Bag-in-the-Lens Cataract Surgery



122

14.2.6  Step 6: Preparation for the Creation of the Posterior 
Capsulotomy

After the cortex is aspirated, the posterior capsule is carefully opened with a 
27-gauge self-bent needle. Sodium hyaluronate 1% (Healon) is injected posteriorly 
to push back the intact anterior vitreous surface and elevate the posterior capsule. 
An ophthalmic viscosurgical device (OVD) is also injected into the anterior cham-
ber to reform it. The incisions are hydrated with balanced salt solution. No sutures 
are necessary in adults (Fig. 14.6).

Fig. 14.5 Dens nucleus 
directly after laser treatment 
prior to manual removal

Fig. 14.6 Puncturing of the 
posterior capsule
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14.2.7  Step 7: Second Docking

The patient is swiveled back to the femtosecond cataract laser. He or she is docked 
again for the posterior capsulotomy.

14.2.8  Step 8: Image Guidance

The OCT image guidance system will scan the eye, process the full-volume data, 
and attempt to identify the anatomical surfaces of the eye. At this time, the system 
will advise that modifications are required because abnormal anatomy has been 
detected. The surgeon is instructed by the system to confirm and adjust the surface 
fits for the anterior and posterior lens. In this specific situation, this message should 
be ignored. The high-resolution axial and sagittal OCT images will show the less 
than 5 µm thick posterior capsule in a convex shape, the anterior hyaloid in a con-
cave shape, and a space between them, which was filled with OVD. The surfaces, 
from which the safety zones and the treatment are calculated, have to be custom-
ized. The convex surface in the anterior image (the posterior capsule) is customized 
and interpreted as the anterior capsule, the concave surface in the posterior image 
(the anterior hyaloid) is customized and interpreted as the posterior capsule, and the 
space between them is interpreted as the lens. Because the capsulotomy treatment is 
calculated based on what the user confirms as the correct surface, the planned cap-
sulotomy can be delivered to the posterior capsule to create a posterior capsulotomy. 
The infrared camera picture is used to center the posterior capsulotomy to the ante-
rior capsulotomy, and the intended location of the posterior capsulotomy is checked 
to be within the diameter of the anterior capsulotomy, usually with a 4.5–4.8 mm 
diameter (Fig. 14.7).

Fig. 14.7 Positioning of the treatment zone of the anterior capsulotomy on the posterior 
capsulotomy
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14.2.9  Step 9: Laser Treatment

In this step, the main asset of the femtosecond laser in BIL cataract surgery becomes 
evident: primary posterior capsulotomy is basically always possible and does not 
require any manual skills. The laser treatment time for the posterior capsulotomy is 
usually 12–14 s (Fig. 14.8).

14.2.10  Step 10: Implantation of the BIL

After the vacuum is released and the patient undocked, the patient is rotated back 
under the operating microscope. The edges of the posterior capsulotomy are easily 
seen due to the created gas bubbles. The anterior chamber is filled with sodium 
hyaluronate 1%. Using a microforceps, the surgeon verifies that the posterior capsu-
lotomy was completed and carefully removes it. The main incision is then enlarged 
to 2.8 mm. The BIL type 89 A (Morcher GmbH), a foldable hydrophilic one-piece 
IOL we are using, is loaded into a 2.8 cartridge (Medicel) and injected into the ante-
rior chamber. At the time of the injection, a spatula is placed beneath the IOL to 
prevent its injection into the vitreous. After the IOL is completely inserted and 
unfolded in the anterior chamber, the posterior haptics are placed behind the poste-
rior capsule and the anterior haptics in front of the anterior capsule, keeping the 
anterior and posterior capsules in the IOL’s flange. After IOL placement, the OVD 
is aspirated. Acetylcholine chloride is injected into the anterior chamber to bring the 

Fig. 14.8 During the 
posterior laser capsulotomy 
small bubbles can be seen
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pupil to miosis. The paracentesis and main incision are closed watertight, if neces-
sary by stromal hydration. At the end of surgery, one drop of pilocarpine 2% is 
instilled to maintain miosis (Fig. 14.9).

We have earlier published a series of 31 cases of femtosecond laser-assisted BIL, 
6 men and 25 women with an average age of 73.5  years ±8.0 (SD) (range 
59–91 years). There were no problems with intraocular pressure (IOP) during or 
after surgery, with the highest IOP measured postoperatively at 20 mm Hg. The cor-
rected distance visual acuity (CDVA) (logMAR) was 0.44 ± 0.17 (range 0.2–1.0) 
preoperatively and 0.08 ± 0.11 (range 0.1–0.3) at 1 month. The CDVA increased in 
all patients postoperatively (P  <  0.0005). Twenty-seven (87%) of the eyes were 
within 0.5 D of the target refraction at 1 month [11].

Femtosecond laser BIL cataract surgery in adult patients like these is impressive 
in several instances. The capsulotomy centration – and as a consequence the IOL 
centration – is excellent. The diameter of the capsulotomy can precisely be adjusted 
to the requirements of the specific IOL to be implanted. The position of the anterior 
capsule is well known as the final optic position of BIL IOLs. Any capsular bag 
shrinkage would not affect the IOL position in the postoperative period. As perfect 
as the centrations of the capsulotomy are its circularity – we have not encountered 
any tension folds and the alignment of the posterior capsulotomy with the anterior 
capsulotomy. Since it is easily possible to preserve the anterior vitreous membrane, 
the formation of PCO is prevented. The stability of the IOL alignment that might not 
change at all over time makes BIL – manually, but in particular with the femtosec-
ond laser – an ideal choice for sophisticated lenses like toric and multifocal IOLs.

14.3  Complications and Caveats

Postoperative care is not different from routine cataract surgery. In more than 
90 patients operated so far, we did not encounter intraoperative or postoperative 
complications like fibrin reaction, cystoid macula edema, or other problems. Our 

Fig. 14.9 Bag-in-the-lens 
after implantation
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experience, therefore, is not different from those of this book’s editor/primary 
author: Marie-Jose Tassignon has reported a very low complication rate after man-
ual BIL implantation in 807 eyes [10].

The surgeon has to be aware of a specific characteristic of femtosecond laser 
treatment: it increases the levels of prostaglandins in the aqueous humor, most likely 
due to mechanical or thermal stimuli. When we collected aqueous humor from 113 
patients who during cataract surgery either had just undergone femtosecond laser 
treatment or – in the control group of 107 eyes – before commencing conventional 
phacoemulsification, the differences were indeed astonishing. In the femtosecond 
laser group, the average level of prostaglandin E2 in one part of the study was 
182  pg/ml  – more than tenfold the concentration of PGE2 in the control group, 
which was 17.3 pg/ml. This does not need, however, to cause alarm. Administering 
nonsteroidal anti-inflammatory drugs (NSAID), one eye drop three times on the day 
of surgery before initiating treatment, has reliably prevented intraoperative miosis 
(a consequence of elevated prostaglandin levels and highly unwelcome during cata-
ract surgery) and seems to have reduced the risk of inflammation significantly [12].

There are certain system and logistical requirements for successful femtosecond 
laser BIL cataract surgery. Among the current imaging options, having a high- 
resolution 3D SD OCT is absolutely essential since only this device delivers the 
precision necessary, in particular for the posterior capsulotomy. For this step is so 
crucial in BIL cataract surgery, there is no regular applanation since the globe is still 
open at that time; the interface will be connected to the eye by posterior limbal 
docking.

The fact that in BIL cataract surgery – unlike in other LCS procedures – the laser 
is required for a second time after lens removal to perform the posterior capsulot-
omy makes it evident that the platform has to be positioned in the sterile environ-
ment of the operating room. In some institutions, there is a separation between a 
so-called laser suite and the operating room with the patient being pre-treated in the 
former and the surgery (mainly lens removal and IOL implantation) is performed in 
the latter. There are convincing reasons for the placement of the laser in the operat-
ing room beyond the specific necessities of BIL cataract surgery. One is avoiding a 
miotic eye on the operating table. If the pupil is smaller than the intended diameter 
of the laser-guided capsulotomy, the procedure will become difficult. Chances of 
encountering miosis are proverbially increasing with every minute gone by since 
laser treatment. The time-lapse caused by shuttling the patient from one room to 
another – maybe across a hallway – and then spending some time in a waiting room 
is a main cause for miosis, the reduction of pupil size mainly caused by the increased 
prostaglandin levels described above. There is a second argument for placing the 
laser in the operating room: separately used “laser suites” are usually described as 
“clean” – which from a hygienist’s point of view means: unsterile. We have con-
ducted histological studies on a human eye that was scheduled for enucleation after 
laser treatment. High-magnification light microscopy revealed complete cuts 
through several corneal layers with only minimal tissue bridges left in place. 
Therefore, after the corneal incision was made with the femtosecond laser, the eye 
must be considered “open” [13]. Therefore, a sterile environment and the use of 
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sterile tools like the interfaces of which a second one should be employed for the 
posterior capsulotomy is indispensable.

Finally, there is an economical consideration. In most healthcare systems, the 
femtosecond laser application in BIL cataract surgery is regarded as two separate 
interventions resulting in “two-click fees” and thus rendering the operation too 
expensive. It is within the responsibility of the industry to come up with a solution – 
unfortunately, there is right now no specific software program adjusted to perform-
ing posterior capsulotomy.

14.4  Instruments

The one instrument we are using that is different from the tools described in the 
other chapters is the laser platform. The Catalys Precision Laser System, designed 
at that time by OptiMedica (Sunnyvale, CA) and until very recently distributed by 
Advanced Medical Optics (AMO) before being acquired by Johnson & Johnson 
(New Brunswick, New Jersey), has been introduced into clinical practice in Europe 
in 2011. Unlike other femtosecond systems in use in cataract surgery, Catalys does 
not have its origins in a device used for Lasik. The manufacturer designed the sys-
tem exclusively with the lens (which requires a lower numerical aperture) in mind. 
Unique to the Catalys system are two features: the Liquid Optics interface docking 
system and an integrated spectral-domain optical coherence tomography (OCT) 
which is the core of the Catalys Integral Guidance system. The OCT is enhanced by 
sophisticated algorithms designed to ensure that the femtosecond laser pulses are 
delivered precisely to the intended location.

The system allows for a template-based planning approach with its touch screen 
graphic user interface. The surgeon can create a set of templates for anterior capsu-
lotomy and lens fragmentation. Different treatment plans are stored in the laser 
system’s database which allows the surgeon to choose a plan in advance of the 
procedure instead of entering the data after the patient is docked. Customized ante-
rior capsulotomy and lens fragmentation patterns are overlaid onto the OCT data 
and projected onto the graphic user screen enabling the surgeon to adjust – if neces-
sary – the position of the treatment zones depending on the anatomy and the posi-
tion of the eye. The surgeon confirms the automated surface identification markers, 
safety margins, and treatment zones before commencing the laser application.

The Catalys systems introduced a new docking technology after various compli-
cations associated with existing interfaces like corneal damage, a significant rise in 
intraocular pressure, and difficulties with variations in orbital anatomy were 
reported. The Catalys’ Liquid Optics interface includes a fluid-filled suction ring 
and a non-applanating disposable lens. The novel interface docks the patient to the 
system and is designed to provide a clear optical path for real-time video, OCT 
imaging, and laser treatment. Due to a rather gentle docking process, intraocular 
pressure rises only mildly, which is particularly important for older cataract patients, 
and minimizing scleral contact of the interface results in less redness of the eye after 
surgery.
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In more than 99% of eyes operated with the Catalys system, free-floating capsu-
lotomies in all corners were achieved. The capsulotomies were of a perfect diame-
ter, position, shape, and centration and provided thus the best conditions for the 
implantation of premium IOL, like aspheric, multifocal, toric, and accommodating 
IOL [14].

This laser system has proven its reliability and safety in more than 9000 cataract 
operations in many if which the BIL technique has been used – in both – adult and 
pediatric patients with excellent results and high patient (or, in the latter case, par-
ent) satisfaction.

14.5  Additional Headings: Femtosecond BIL Cataract 
Surgery in Children

There is one group of patients where the cataract surgeon’s care takes on a com-
pletely new dimension: the youngest. Boys and girls with pediatric cataract, whether 
their lens opacification is congenital, infantile, or juvenile, whether they will 
undergo surgery at an age of 3 months, 3 years, or as a young (almost) adult at age 
17, will bear the results of the cataract surgeon’s endeavors for an entire lifetime 
which (given current life expectancies in the industrialized world) means probably 
for 70 and 80 years. It is thus of prime importance to provide these young patients 
with the best we can offer them – which in many cases means employing the fem-
tosecond laser and also to implant a BIL.

Our experience with almost 9000 femtosecond laser-assisted cataract operations 
in adults convinced us that for many infants performing capsulotomy with the 
laser – one of the most crucial steps of the entire procedure – might be the right 
thing to do (as an off-label procedure, like so many surgical interventions in the 
infant eye). The manufacturer has introduced a smaller Liquid Optic interface espe-
cially for patients with tight palpebral fissures; this interface measures only 12 mm 
in diameter. The procedure of docking, scanning, and initiating the laser capsulot-
omy is very similar to what we do in elderly patients though some of the treatment 
data are a bit different. The incision depths vary from 400 to 1000 μm; pulse energy 
is set between 4 and 10 μJ. The intended diameter of the anterior capsulotomy is 
between 3.3 and 5.2 mm, for the posterior capsulotomy the diameter is between 3.2 
and 4.7 mm.

It is safe, convenient, and timesaving to rotate the patient under the operating 
microscope after laser capsulotomy and continue with the more “conventional” part 
of the procedure. Two side port incisions are created manually with a paracentesis 
knife; the anterior chamber is stabilized with an ophthalmic viscosurgical device 
(OVD), for instance, Healon 1.0%. In most cases we use the dimple-down technique 
described earlier. In this technique, a slight centripetal pressure on the capsule leads 
to the separation of the few potential remaining tags, and the anterior capsulotomy 
becomes completely free. The lens and cortex are removed with a bimanual irriga-
tion/aspiration (I/A) device (Geuder AG). Next it is back under the laser: redocking 
is followed by the posterior capsulotomy. The final step takes place under the 
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microscope again: In children younger than 3  years, we perform an anterior 
23-gauge vitrectomy through the paracentesis and then close the incisions with 11-0 
nylon sutures.

With growing experience we found out that particularly in very young children 
the capsulotomy diameter tends to turn out larger than planned. To correct for that 
aberration, we developed what is now known as the Bochum formula. According to 
this age-depending correction formula, the capsulotomy diameter in mm is to be 
programmed into the laser system’s software:

 

programmed diameter
aimed diameter

age
=

+ - *( )( )1 34 0 009. .  

The Bochum formula for pediatric laser capsulotomies helps to minimize the 
age-depending deviation from the targeted diameter [15]. The anterior and posterior 
laser capsulotomy in children is, according to our experience, safe to perform. 
Implant IOLs was primarily in children 1 year and older, while secondary implanta-
tion was generally planned before the age of 6 years.

The operation is the first step to visual recovery for a child with cataract, to be 
followed by long-term care provided by the ophthalmologist. The parents (or care-
takers) must be educated about the need for continuous follow-up so that complica-
tions like inflammation, glaucoma, and PCO can be detected and treated as soon as 
they arise, refractive errors can be corrected and amblyopia therapy pursued. In the 
immediate postoperative stage, the parents have to take care to administer pharma-
cological therapy as recommended by the surgeon or the ophthalmologist in charge 
of the follow-up. Normally, three different kinds of drugs are instilled as eye drops: 
antibiotics, anti-inflammatory agents, and maybe mydriatics/cycloplegics.

Antibiotics like fluoroquinolones are generally given for about a week after sur-
gery, in regimens like every 6 h. This group of antibiotics is generally well tolerated; 
Ciprofloxacin is reported to have minimal adverse systemic side effects and is well 
tolerated by the corneal endothelium. Fourth-generation fluoroquinolones such as 
gatifloxacin and moxifloxacin have been successfully employed in children under-
going cataract surgery, both pre- and postoperatively.

Since the inflammatory response to cataract surgery might be quite intense in 
children, the frequent administration of topical and sometimes even systemic ste-
roids is crucial to reduce the risk of complications like fibrinous membrane forma-
tion, synechia, the formation of inflammatory deposits on the IOL, and cystoid 
macular edema. Topical administration can mean the application of eye drops like 
1% prednisolone acetate every 1–6 h or – in extreme cases – the subconjunctival 
injection of 2–4 mg dexamethasone. Depending on the patient’s clinical presenta-
tion, the topical application of steroids – certainly the most common form of post-
operative anti-inflammatory therapy – will be continued for up to 12 weeks. In cases 
where steroid-related complications like delayed wound healing or IOP rise are an 
issue, NSAID like diclofenac or ketorolac eye drops can be used. The rationale 
behind the postoperative administration of mydriatics and cycloplegics is pain 
reduction by dilating the pupil, preventing inflammation, stabilizing the 
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blood- aqueous barrier, and diminishing the risk of synechia, pupillary block, and 
ciliary spasm.

Since a child’s refractive status frequently changes during the first years of life, 
examinations are recommended every 2–3 months. Bifocal glasses for these chil-
dren without accommodation are usually not tolerated before age 5 or 6. Particularly 
in younger children with an IOL, a considerable myopic shift can be expected [16].

Treating a child with cataract should give the cataract surgeon cause for a small 
pause in his or her daily routine, a short break in a sometimes overburdening sched-
ule, and an incentive for some reflections: the child just operated upon will carry the 
marks of our intervention far into the future. The boy or girl of today will during a 
lifetime of many decades be treated not just by the next generation of ophthalmolo-
gists but also by the generation after the next one. They will have to deal with our 
success in BIL cataract surgery – and also with our failures.

14.6  Core Message

The femtosecond laser has been used successfully in thousands of cataract opera-
tions worldwide – in routine procedures but also in a wide variety of complicated 
cases like patients with corneal disease (Fuchs dystrophy, cornea guttata), intumes-
cent cataract, small pupil, traumatic cataract, pediatric cataract, and Marfan syn-
drome. Its value for BIL cataract surgery is evident: the capsulotomies performed 
by the laser are of perfect circularity, optimal centration, and a diameter that fits the 
requirement of any IOL type chosen by the patient and the surgeon. Posterior cap-
sulotomy, a step so crucial in BIL technique, is as reliably performed with the laser 
as it is so often manually demanding if not, in some cases, outright impossible. 
There is hardly any PCO and the alignment of the IOL promises to last for a life-
time – which in the case of children with cataract means many decades. The safety 
standard of the technique is high, complications are rare. Femtosecond laser BIL 
cataract surgery is a procedure which promises optimal results for many patients.
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15The Small Pupil

Luc Van Os

15.1  Introduction

Cataract surgery in eyes with small pupils can be very challenging to the surgeon. 
The visualization of the lens can be greatly diminished which will make every step 
of the surgery more difficult, from the anterior capsulorhexis to the positioning of 
the lens. As a consequence, surgery through a small pupil increases the risk of com-
plications like iris damage, capsular tears with vitreous loss, etc. In the bag-in-the- 
lens technique, a small pupil can be a particular nuisance because of the importance 
of the correct sizing of both the anterior and posterior capsulorhexis. The position-
ing of the implant in the rhexis ring formed by the anterior and posterior rhexis is 
also more difficult when the pupillary aperture is small. In this chapter, we will 
elaborate on techniques used to facilitate safe surgery and the positioning of a bag- 
in- the-lens implant in eyes with small, poorly dilating pupils.

15.2  Surgical Technique

15.2.1  Preoperative Measures

Risk Identification
Small pupils are a common occurrence during cataract surgery; one study reported 
an incidence of 11% in uncomplicated cataract surgery [1]. Several subgroups 
of patients are known to be at risk for poor pupillary dilation (Table 15.1). It is 
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important to be aware of these risk factors when assessing the patient during the 
preoperative visit. In pseudoexfoliation syndrome, the accumulation of fibrillar 
material in the iris results in a dysfunction of both the iris dilator and sphincter 
muscles [2]. Diabetes mellitus is another well-known risk factor for poor reaction to 
mydriatics [3]. This might be related to damages to the autonomous nervous system 
in patients with long-standing diabetes.

Anterior uveitis can result in the formation of posterior synechiae (Fig. 15.1), 
which will impede the pupil’s dilation. Another mechanism causing miosis in 
patients with a history of uveitis is the formation of membranes on the pupillary 
border that also counteract the dilation of the pupil.

Intraoperative floppy iris syndrome (IFIS) is a triad of increased iris billowing, a 
tendency for iris prolapse through the incision and progressive miosis in the course 
of surgery. It is mainly related to the use of alpha-1A blockers such as tamsulosin, 
but it can also be caused by other drugs such as finasteride or certain antipsychotics. 
IFIS can still occur even if the patient discontinued the medication years before their 
surgery [4]. The chronic use of miotics can also result in decreased action of myd-
riatics. Finally, elderly patients frequently have smaller pupils than younger patients, 
which might be caused by a decrease in sympathetic activity.

Fig. 15.1 Anterior segment 
photo illustrating posterior 
synechiae

Table 15.1 Risk factors for 
poorly dilating pupils

Pseudoexfoliation syndrome (PEX)
Diabetes mellitus
Intraoperative floppy iris syndrome (IFIS)
Uveitis
Chronic use of miotics
Elderly patients
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Topical Mydriatics
A number of different mydriatics are currently available and can be divided into two 
groups according to their course of action. The first are the adrenergic stimulants 
that act through the stimulation of the iris dilator muscle, the most commonly used 
of which is phenylephrine. The second group consists of the parasympaticolytics 
(tropicamide, cyclopentolate, atropine) that result in inhibition of the iris sphincter 
muscle. When combined, their different modes of action will be complementary and 
result in maximum pupillary dilation.

The formulations can be administered in the form of eye drops (e.g. tropicamide 
5 mg/ml, phenylephrine 10%) or in the form of an ocular insert containing both 
tropicamide and phenylephrine that can be positioned in the inferior fornix 1 h prior 
to surgery (Mydriasert, Laboratoires Théa, France).

Topical NSAIDs
Nonsteroidal anti-inflammatory drugs (NSAIDs) block cyclooxygenases 1 and 2 
(COX 1, COX2), resulting in a decreased transformation of arachidonic acid to 
prostaglandins. Prostaglandins cause smooth muscle contraction in the iris and are 
thus involved in miosis [5]. As a consequence, the preoperative use of topical 
NSAID can help in sustaining mydriasis throughout the surgery [6]. In our centre, 
we use topical diclofenac 1 mg/ml (Dicloabak®, Laboratoires Théa, France), one 
drop, every 15 min, for 1 h prior to surgery.

15.2.2  Intraoperative Measures

Intracameral Mydriatics
To obtain additional mydriasis at the start of surgery, intracameral administration of 
mydriatics can be used. Several different preparations have been used and proven to 
be safe, e.g. adrenaline, phenylephrine, ketorolac, etc. In our centre we now use a 
commercially available solution of tropicamide, phenylephrine and lidocaine 
(Mydrane®, Laboratoires Théa, France) at the start of the surgery to assist in mydri-
asis and pain control. Previously we used a mixture of adrenaline 1/1000 with lido-
caine. Intracameral injection will provide a more stable iris and a more sustained 
dilation than topical mydriatics [7].

Viscoelastics
Using a cohesive ophthalmic viscosurgical device (OVD) will also aid in dilating 
the pupil further. However, when there is very little reaction to the mydriatics 
already administered, it is not likely to be sufficient to allow to proceed with the 
bag-in-the-lens procedure comfortably. In this case, it would be advisable to use a 
pupil expanding device.

Lysis of Synechiae and Membranes
The pupil will not dilate in case of the presence of posterior synechiae because of 
the adhesion of the iris tissue to the anterior lens capsule. When these are 
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disengaged, it can result in immediate and sufficient mydriasis without the need for 
the further use of surgical devices in some cases.

The separation of posterior synechiae is obtained through viscodissection 
(Fig.  15.2, Video 15.1) with an OVD and through the use of a blunt spatula if 
necessary.

In addition to posterior synechiae, membranes on the pupillary margin can 
impede the pupil to fully dilate. They are mostly the result of anterior chamber 
inflammation and can be seen in patients with a history of uveitis. These can be 
removed by peeling them off the pupillary edge with a fine-toothed forceps, like the 
Ikeda microforceps (Fr2268 EyeTech) which we also use to perform the 
capsulorhexis.

Pupil Expansion Ring
We prefer to use a pupil expansion ring in case dilation after topical and intracam-
eral administration of mydriatics is insufficient, and any present synechiae or mem-
branes are removed. In our centre, we use the Malyugin ring (MicroSurgical 
Technology (MST), USA) with a diameter of 7 mm, given that smaller diameters 
will not accommodate the BIL. Other pupil expansion rings are available; each type 
of these devices has its own advantages and disadvantages. In case of bag-in-the- 
lens surgery, it is, however, important that the size of the ring is big enough, due to 
the design of the IOL. This is why we use the 7 mm Malyugin ring rather than the 
6.25 mm, to provide sufficient space to insert the implant through the newly created 
pupillary opening.

Fig. 15.2 Viscodissection 
of posterior synechiae
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The Malyugin ring is very valuable in cataract surgery in eyes at risk of intra-
operative floppy iris syndrome (IFIS). It will prevent the iris from progressively 
becoming miotic through the course of the surgery and will provide a more 
stable iris. Iris prolapse can still occur, but it will be less frequent and easier to 
reposition [8].

The Malyugin ring comes preloaded with an injector which makes its positioning 
quite straightforward (Video 15.2). The plunger on the device must first be slid back 
to load the ring. Then the tip of the injector device is inserted through the main inci-
sion of at least 2.2 mm. The first scroll of the ring will appear when the plunger is 
slid forward. This should be led towards the opposite edge of the pupil where the 
scroll will catch the iris between both coils of the scroll. The ring is then further 
injected into the anterior chamber. The three remaining scrolls can be positioned by 
using a blunt hooked instrument, such as a Lester manipulator.

After positioning the ring, the pupillary aperture will be large enough to continue 
the surgery following the usual protocol. As mentioned previously, great care should 
be taken when positioning the bag in the lens. The haptics can catch the iris or the 
ring itself and make implantation more difficult because of the design of the lens. 
Therefore, after injecting the lens into the eye, start by carefully positioning the IOL 
behind the iris but in front of the capsular bag (Fig. 15.3). This way the iris will not 
be able to hinder further positioning when sliding the capsule edges into the 

Fig. 15.3 Gently manipulating the BIL through the Malyugin ring stepwise
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peripheral groove of the IOL. After the IOL has been properly placed, the Malyugin 
ring can be removed from the eye by disengaging the scrolls.

Iris Retraction Hooks
Iris retraction hooks are a helpful adjunct to the surgery if a pupil expansion ring is 
not available or if the pupil is too small to enable the use of one. Care should be 
taken in the positioning of each of the hooks so that insertion and positioning of the 
IOL is not hindered later on in the surgery.

15.3  Complications

When preparing solutions for intracameral injection, care should be taken to avoid 
contamination that could result in toxic anterior segment syndrome (TASS) or 
endophthalmitis.

Using pupil expansion devices can result in iris damage or tissue loss and transil-
lumination and sometimes permanent mydriasis. However, these complications are 
very rare with the currently available pupil expansion devices.

15.4  Core Messages

• Identify patients at risk for poor dilation.
• Try to ensure proper mydriasis before surgery.
• If in doubt or unstable iris, do not hesitate to use a pupil expansion ring (e.g. 

Malyugin ring).
• Take care positioning the implant – start close to the capsule surface to avoid 

trapping the iris.

15.5  Instruments Used

The instruments listed are our preference, but similar ones can be used based on the 
surgeon’s own preference.

Item Description Manufacturer
OVD Healon GV Abbott Medical Optics, USA
Microforceps Ikeda angled 30° capsulorhexis 23.0 g 

forceps
EyeTech Fr2268

Malyugin ring 
7,0 mm

Pupil expansion ring MicroSurgical Technology, 
USA
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16BIL in Patients with Uveitis

Christian Billotte

16.1  Introduction

Cataracts are a very frequent complication associated with chronic uveitis and long- 
term corticosteroid therapy. Different aetiologies are responsible, but patients with 
uveitis and cataract often have common characteristics. The cataract occurs at a 
younger age than in the typical cataract, and they often have impaired pupillary dila-
tion with the added complexity of posterior synechiae (PS). These cataracts can also 
opacify quickly and result in significant visual impairment. Different manifestations 
of lens opacification have been observed, but there is a high rate of posterior capsu-
lar opacification and white cataract. Ocular hypertension is also frequent in uveitis, 
and this can be due to the chronic inflammation as such or secondary to the anti- 
inflammatory medication.

Cystoid macular oedema can also be present in a high percentage of patients and 
should be looked for during the preoperative assessment, either by OCT imaging or 
clinical evaluation. When planning the cataract surgery itself, a three-month period 
of uveitis quiescence is advised. We also recommend an increase in the anti- 
inflammatory treatment at least 1 week prior to surgery. The current international 
standard of care is phacoemulsification surgery followed by the implantation of a 
lens in the bag acrylic IOL. While successful, this approach is associated with sec-
ondary complications [1–5] due to postoperative inflammation and the important 
participation of the epithelial cells of the lens capsule in particular in this 
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inflammatory environment. These secondary complications include capsular bag 
contraction, IOL displacement, rapid secondary opacification of the visual axis, 
cystoid macular oedema [4–7] and hypertony [8]. These complications may require 
further medication, secondary intervention or Nd:YAG capsulotomy.

16.2  Impaired Pupillary Dilation

Impaired pupillary dilation is very common in uveitis, but it is never an intractable 
situation. The first thing to do is to inject some mydriatic agent in the anterior cham-
ber, in the vicinity of the irido-capsular synechiae. Under ocular viscoelatic device 
(OVD) coverage, release the synechiae mechanically with a Lester hook or similar 
tool (Figs. 16.1 and 16.2). An additional corneal paracentesis may help in this. The 
reinjection of cohesive OVD will, most of the time, allow at least 5 mm pupil diam-
eter, a necessity for the BIL procedure (Fig. 16.3), to be inserted and to centre the 
5 mm calliper to size the anterior capsulorhexis (Fig. 16.4).

While we try to avoid touching the iris, in some cases, mechanical pupil main-
tainers, such as a Malyugin ring (Figs. 16.5, 16.6 and 16.7) or equivalent cannot be 
avoided. We tend to use iris retractors (Figs.  16.8, 16.9 and 16.10) though this 
requires four paracenteses. The advantage of the pupillary ring over iris hooks is 
better stabilization as iris hooks can sometimes herniate through the uveitic iris due 
to its weakness. Malyugin rings are available in a variety of sizes but it is important 
to note that if you choose a 6 mm diameter ring, it is very difficult to fit the BIL 
through the ring, given that its total width is 7.5 mm. In these cases, it is easier to 

Fig. 16.1 Uveitic eye with 
posterior synechiae
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Fig. 16.2 Manual 
dissection of posterior 
synechiae with a Lester 
hook

Fig. 16.3 Performing a 
posterior rhexis through a 
5 mm pupil

just remove the ring prior to lens injection. Reinjection of OVD is usually enough to 
maintain the pupil diameter during implantation. The BIL can be implanted through 
a 7 mm Malyugin ring. In that case it is not necessary to remove the ring until after 
BIL implantation. The surgeon must decide about the best ring size based on the 
patient’s eye condition. Other solutions such as iris stretching, iridotomies and 
sphincterotomies are more traumatic to the iris tissues, and I do not tend to use 
them. Iris retractors can be very useful under the right circumstances.
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Fig. 16.4 The BIL in place

Fig. 16.5 Uveitic eye with 
posterior synechiae
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Fig. 16.6 Performing an 
anterior rhexis through a 
Malyugin ring

Fig. 16.7 The BIL in a 
uveitis case
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Fig. 16.8 Uveitic eye 
preoperatively

Fig. 16.9 Iris hooks in the 
uveitic eye
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Fig. 16.10 The BIL in 
place under four iris hooks

16.3  Anterior Capsulorhexis

The circular capsulotomy can be performed with great care, as described in a previ-
ous chapter, once the pupil diameter has reached a minimum of 5 mm. Patients with 
uveitis can often present with a white or intumescent cataract. In these cases, we 
recommend the use of trypan blue to stain the capsule as an accurate capsulorhexis 
is key in the BIL technique. The role of the femtosecond laser in these cases has not 
yet been fully evaluated, but we are not convinced that it adds value. It can also pres-
ent other risks, particularly in cases with small pupils. If you do choose to perform 
femtolaser in these cases, it should also be adapted because the anterior capsule 
tends to be thicker and great care is needed to avoid the iris.

16.4  Phakoemulsification

The visibility of the posterior capsule can be reduced so hydrodissection should also 
be undertaken with care. The posterior capsule can also be very fragile and may 
break more easily. The phacoemulsification itself is not the most demanding stage 
of the procedure, given that these cataracts occur in younger patients and the lens 
can be softer. It can also be helpful to perform the cortex material removal using a 
bimanual approach. All cortical material and strands should be removed to improve 
capsule visibility for the posterior capsulorhexis to be performed as next step.

The primary posterior continuous curvilinear capsulorhexis is performed as in all 
cases of BIL cataract surgery. Cohesive OVD helps greatly to maintain a pupil 
diameter that is sufficient to make the posterior CCC of the same size as the anterior. 
If the posterior rhexis is too small, then it can be enlarged like an anterior rhexis. 
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This is done by making a small snip in the edge of the rhexis with retinal scissors. 
The capsulorhexis can then be enlarged without compromising the strength of the 
capsule. If the PPCCC is larger than the anterior rhexis, the lens will be fine, as 
anterior rhexis can support the BIL alone. If the ACCC is too large though, then the 
posterior CCC should be performed with great accuracy in order to promote BIL 
stability.

The lens is injected into the anterior chamber over the level of the iris. If the pupil 
is too small, you may need to use a two-handed technique to insert the lens and 
retract the iris at the same time (Video 16.1). It is essential that the groove of the BIL 
is visible when inserting the lens to confirm that it has been placed correctly. The 
pupil tends to be smaller in these cases, so the pupil constriction required in other 
BIL cases is usually not needed once the remaining OVD has been removed.

We complete these cases with a sub-tenon injection of long-acting triamcino-
lone. The postoperative care consists of NSAID drops and a combination of cortico-
steroids drops with antibiotics. Drops are given four to six times a day, depending 
on the clinical case. We do not recommend mydriatic drops postoperatively as this 
can result in iris incarceration in the BIL. Systemic medication is adapted based on 
the underlying uveitis and postoperative clinical findings.

16.5  Managing Complications

If the anterior rhexis is lost, then a traditional lens-in-the-bag technique can be used. 
If they are available, bean-shaped ring segments can recreate the rhexis opening and 
allow the BIL to be used in these cases. If the posterior capsule is torn during the 
phacoemulsification with vitreous loss, the BIL can still be used. The surgeon can 
choose to insert a sulcus lens, but for those more familiar with the BIL implantation, 
the lens can be inserted and suspended only by the anterior capsulorhexis.

In all cases with uveitis, it is important to carefully evaluate the zonular integrity 
and stability of the natural crystalline lens prior to surgery and/or during surgery. If 
zonular integrity is weak, the BIL is more prone to anterior displacement and iris 
capture. If this is likely to happen, the best course of action is to create a peripheral 
iridotomy. It is therefore also mandatory to ensure wound closure by means of 
hydration or with sutures.

16.6  Advantages of BIL in Uveitis

Measuring postoperative inflammation is often difficult in uveitis. There are so 
many different aetiologies clustered under the collective term uveitis, which a one- 
size- fits-all approach is not possible. A multicentre clinical approach is needed in 
order to compare lens-in-the-bag and bag-in-the-lens implantation. Until a broader 
evidence base has been established, we can only speak from our years of clinical 
experience with the BIL. It is our clinical experience that postoperative inflamma-
tion is very low. This is a general observation, not only in uveitis but also in eyes at 
risk of postoperative inflammation, e.g. diabetes, capsular exfoliation, children and 
combined posterior segment surgery.
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The sealed closure of the equator of the bag prevents the reaction of the lens 
epithelial cells with the biomaterial of the IOL. It also prevents the release of cells 
and inflammatory mediators into the aqueous humour factors. The remaining 
peripheral part of the capsular bag will guarantee perfect centration and stable 
refraction, provided that both anterior and posterior CCC have been well-performed 
and the zonules are solid. We had one case of pupil block that did not generate a 
raised intraocular pressure despite not having an iridotomy. We believe that this was 
due to iris atrophy.

The eradication of secondary cataract is easier to measure. In our series of 51 
uveitic eyes, the rate of secondary cataract was 0%, and no anterior capsular phimo-
sis was observed. The absence of secondary YAG capsulotomies also prevents all of 
the complications after posterior YAG-laser capsulotomy and no patient presented a 
dislocation of the BIL IOL.

Other situations, such as combined phako-vitrectomy, usually carry a high risk of 
secondary inflammation, leading to posterior iris synechiae, early anterior and pos-
terior capsular opacification and contraction. In a study by Auchere-Lavayssière [9]
comparing 45 patients of phako-vitrectomy with BIL (group 1) and 55 with LIB 
(group 2), posterior iris synechiae and capsular modifications were checked after at 
least 3 months of observation. The occurrence of posterior synechiae was signifi-
cantly reduced (p = 0,003) in group 1 BIL (2%), versus (40%) in group 2 LIB. In 45 
patients of phako-vitrectomy with BIL (group 1) and 55 with LIB (group 2), poste-
rior iris synechiae and capsular modifications were checked after at least 3 months 
of observation.

PCO needing YAG capsulotomy occurred in 0% in group BIL versus 36% in 
group LIB (p < 0,0001). No anterior capsular phimosis occurred in group BIL, com-
pared to 11% in group LIB.  These results show a dramatic decrease in the side 
effects related to postoperative inflammation with the BIL.

16.7  Summary

In our experience of almost 10 years, the IOL implantation with the bag-in-the-lens 
gives much better results in every situation of inflammation, than classical in the bag 
IOL implantation.
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17Zonulolysis and Lens Luxation

Nils-Erik Boonstra

17.1  Introduction

Zonulolysis is defined as a weak or absent zonular support of the lens capsule. This 
can result in malposition of the lens, either subluxation or total luxation of the lens. 
Zonulolysis and lens luxation are known challenges in cataract and lens surgery. 
Different techniques have been used and recommended, but to date no consensus 
has been reached on the best surgical approach [1]. Much depends on the surgeon’s 
preference and experience.

The causes of zonulolysis are many, but some of the most common causes are 
associated with injuries (Fig. 17.1). In children and young adults, ectopia lentis is 
more likely to be associated with heritable conditions like Marfan syndrome, homo-
cysteinuria and Weill-Marchesani syndrome [2, 3]. Ectopia lentis is also seen in 
more isolated conditions like mutation in the ADAMTSL4 gene [4]. In the elderly, 
pseudoexfoliation syndrome is probably the most common cause of subluxation.

In the last two decades, there has been a continuous development of surgical 
techniques, intraocular lenses and supporting devices, enabling the surgeon to pre-
serve the capsular bag rather than performing conventional intracapsular cataract 
extraction (ICCE) or a pars plana lensectomy. Preserving the capsular bag allows 
for the support of a posterior chamber intraocular lens (IOL), minimizes the risk of 
vitreous loss and reduces complications such as retinal detachment. Thus, ICCE and 
pars plana lensectomy with scleral or iris fixated intraocular lens are now more fre-
quently regarded as backup measures.
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Fig.  17.1 Traumatic 
cataract and zonulolysis

Fig.  17.2 Capsular hooks
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Excellent and innovative techniques with different sutured supporting rings have 
been developed [5]. Cionni capsular tension ring and Ahmed capsular tension seg-
ment are used with traditional lens-in-the-bag (LIB) IOLs. Capsular hooks 
(Fig. 17.2) enable the surgeon to stabilize the capsular bag during lens and cortex 
removal, and capsular tension rings (CTR) (Fig. 17.3) expand the capsular bag and 
distribute the force to the remaining zonulas. However, over time the capsular bag 
may shrink, and sutures may break, both with possible re-subluxation of the lens 
needing additional surgery. In addition, posterior capsule opacities (PCO) probably 
occur more commonly due to an incomplete closure of the capsular bag. YAG cap-
sulotomy may be difficult in these cases.

The bag-in-the-lens (BIL) IOL gives no PCO or capsular shrinking in front of the 
IOL [6]. Its design, with a central groove, allows it to be fixated to the sclera with 
lasso suture(s) (Fig. 17.4b) or by a non-suture technique using two specially devel-
oped bean-shaped segments (Fig. 17.4c) for both support and centration, neither 
interfering with the closed capsular bag. Together, this makes the BIL particularly 
suited for use in challenging cases with zonular weakness and lens luxation. This 
chapter describes both ways of fixation and centring the BIL in eyes with mild to 
severe lens luxation.

Fig.  17.3 Capsular hooks 
and capsular tension ring 
placement
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17.2  Methods

When dealing with challenging cases of zonulolysis, it is an advantage to master not 
only one but several of these techniques, given that different cases may profit from 
different approaches. The bag-in-the-lens is superior in preventing PCO and capsu-
lar shrinking. The two techniques described below show how one can centre and 
stabilize the “capsular bag – BIL” complex directly, without interfering with capsu-
lar integrity. Both techniques have also been used in children.

a

c

b

Fig.  17.4 Illustration of bag-in-the-lens after implantation in an eye with zonulolysis (a), after 
centration with “lasso suture” to the sclera (b) and after centration with two bean-shaped rings in 
the sulcus (c)

N.-E. Boonstra



157

17.2.1  Lasso Suturing

In cases with mild subluxation of the lens, it may be sufficient to simply place a 
CTR to regain centration. However, if additional fixation seems necessary during 
surgery with lens-in-the-bag (LIB) and CTR, this cannot be done in the same opera-
tion because some degree of capsular fibrosis is needed before suturing through the 
capsular bag without the risk of creating a tear in the bag.

In LIB cases, where one wishes to fixate the IOL peroperatively, the choice 
stands between different fixation rings like the Cionni capsular tension ring or 
Ahmed capsular tension segment. This allows the capsular bag with IOL to be fix-
ated to the sclera without suturing through the capsular bag and is useful to have in 
stock for special cases.

When using the bag-in-the-lens IOL, one has the possibility to “lasso” the IOL 
to the sclera by placing one or more sutures in the interhaptic groove of the lens. 
This allows for the direct suturing and centration of the IOL.

17.2.1.1  Surgical Technique
Surgery is performed under local anaesthesia, preferably retrobulbar. The pupil is 
dilated with cyclopentolate and phenylephrine preoperatively. A standard approach 
with two 1.2 mm side ports and a 2.2 mm main incision at the limbus is made. The 
anterior chamber is filled with Ophthalmic Viscosurgical Device (OVD) in softshell 
technique (Viscoat® and Provisc®). In cases with a small degree of lens sublux-
ation, a capsulorhexis with the correct size is made using a caliper ring. Thorough 
hydrodissection allows for the rotation of the nucleus with less force on the remain-
ing zonulas. Careful nucleus removal, preferably with chopping in dense cataract 
cases, is recommended. The cortex is removed with the irrigation-aspiration system. 
The capsular bag is filled with OVD (Provisc®), and a standard size CTR is placed. 
In more severe cases of zonulolysis, the CTR may have to be placed before or dur-
ing lens removal (Fig. 17.5a). In some cases, capsular hooks may be needed. The 
OVD is removed from the capsular bag, and the anterior chamber is refilled with it. 
Alternatively, the CTR can be implanted without OVD in the capsular bag. A small 
tear centrally in the posterior capsule is made with a 30G needle, and Berger’s space 
is filled up with OVD beyond the size of the capsulorhexis. A posterior capsu-
lorhexis is made using a microforceps with the anterior rhexis as guide. If capsular 
hooks are used, these can be repositioned through both capsulorhexes if additional 
support is needed during lens implantation. The main incision is increased to 
3.0 mm. The BIL 89A is injected into the anterior chamber and pushed into position 
close to the capsular bag. The posterior haptic is gently manipulated through both 
rhexes. If hooks are used, they should be removed during this procedure to facilitate 
the smooth edge of both rhexes to slip into the interhaptic groove. Depending on the 
design of the hooks, it may be possible to remove them after positioning the BIL.

Depending on the degree of the zonulolysis, either one or two lasso sutures 
should be placed. If needed, even more sutures can be placed, but extra stabilization 
can also be obtained by increasing the distance between the entry and the exit points 
of each suture. The scleral fixation should be at the place of maximum zonular 
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weakness. An optional second lasso can be placed opposite to the first. The conjunc-
tiva is recessed to facilitate scleral suturing at the pars plicata. The preferable suture 
is Prolene 9-0 with a straight needle, but other non-resorbable sutures may also be 
used. The OVD is injected into the sulcus at the place of suturing, and the needle is 
passed through the pars plicata into the sulcus 1.5 mm behind the limbus. The nee-
dle is met by a cannula through one of the limbal incisions and is externalized 
(Fig. 17.5b). It is then turned around and passed back through a 25G cannula placed 
through the pars plicata 2–5  mm from the first insertion point (Fig.  17.5c). The 
thread is guided into the interhaptic groove with the Y-manipulator or a similar tool 
(Fig.  17.5d). It may be necessary to do this bimanually with two instruments 
(Fig. 17.5e). The lasso should be tightened enough to allow good centration. After 
the knot is made, it should be rotated into the eye (Fig. 17.5f). Alternatively, the knot 
could be placed beneath a scleral flap or in a scleral pocket. An optional second 
“lasso suture” should be placed in the same manner on the opposite side. In cases of 
severe zonulolysis and risk of luxation of the capsular bag – IOL complex to the 
posterior pole during suturing – a temporary intended “iris capture” of the BIL can 
be useful. An iridectomy can be made in cases with a high risk of postoperative “iris 
capture” or pupillary block. The OVD is removed using the irrigation-aspiration 
system and the conjunctiva closed with Vicryl 8-0 resorbable sutures. Cefuroxime 
(Aprokam®) is installed in the anterior chamber at the end of surgery.

17.2.1.2  Complications of the “Lasso” Technique
• Suture break: One of the known complications of scleral suturing an IOL is 

breakage of the suture and dislocation of the IOL. This is probably also the case 
with “lasso suture” of the BIL. To prevent suture break, Prolene 9-0 or similar 
should be used with careful handling to avoid kinks during suturing.

• Subluxation: The IOL complex may subluxate, either due to suture break or pro-
gressive zonulolysis. Re-suturing should be considered if the degree of luxation 
affects vision or leads to other symptoms. This can be done with either new or 
additional lasso sutures or by suturing the CRT to the sclera in one or two 
locations.

• Iris capture: Iris capture may occur in cases with loose IOL complex or sutures 
placed too anteriorly. Treatment is either medical by dilating the pupil or surgical 
by repositioning the BIL. An iridotomy should be performed, preventing recap-
turing by deepening the anterior chamber.

17.2.2  Bean-Shaped Rings

Another way to centralize the BIL-IOL in cases of zonulolysis and lens luxation is 
by using the specially designed bean-shaped rings (Fig. 17.6). The insertion of the 
custom-designed bean-shaped ring was originally used intracapsularly in eyes with 
localized zonular defects, but they can also be placed in the sulcus for permanent 
non-sutured centration of the BIL.
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a b

c d

e f

Fig. 17.5 Different steps in the “lasso suture” technique
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The advantage of this device over the “lasso suture” technique is the absence of 
scleral sutures, probably offering a more permanent solution in younger patients. 
The bean rings are produced in different outer ring sizes for customized use accord-
ing to the size of the eye. The inner diameter has a radius of 2.5 mm to fit into the 
interhaptic groove of the BIL. They should be used in pairs, allowing for 360-degree 
support. The size of the ring should be calculated by using the white-to-white 
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corneal diameter or by measuring the sulcus diameter with UBM or anterior seg-
ment OCT.

17.2.2.1  Surgical Technique
Surgery can be performed under local anaesthesia, but general anaesthesia is pre-
ferred in younger patients. A standard approach with two 1.2 mm sideport incisions 
and a 2.2 mm main incision at the limbus is used. The pupil is dilated with cyclo-
pentolate and phenylephrine preoperatively. OVD is injected into the anterior cham-
ber by using the softshell technique (Viscoat® and Provisc®). In moderate and 
severe lens luxation, capsulorhexis is better visualized and controlled if the capsule 
is dyed with Vision Blue®. A small capsulorhexis, preferably not smaller than 
3 mm, is made as centrally as possible on the anterior capsule. In cases with mild 
subluxation, a capsulorhexis of the correct size can be made using a caliper ring no. 
5 (Fig. 17.7a). The luxated lens can be centralized with one or more capsular hooks. 
Thorough hydrodissection will allow nucleus rotation with less force to the remain-
ing zonulas. Careful lens nucleus removal must be done. The cortex is removed with 
the irrigation-aspiration system taking care not to damage the remaining zonulas. 
The capsular bag is filled with OVD (Provisc®), and a standard-sized CTR is placed 
inside the capsular bag (Fig. 17.7b). In more severe cases of zonulolysis, the CTR 
may have to be placed earlier, during or before lens removal. After nucleus and 
cortex removal, the guidance ring is placed onto the capsular bag. It is advisable to 
lift each capsular hook to allow the caliper ring to be placed directly onto the cap-
sule. A cut is made in the existing anterior rhexis, and this is enlarged with the 
microforceps to the correct size using the caliper ring as a guide. The caliper ring is 
then removed. The OVD is removed from the capsular bag, and the anterior cham-
ber is filled with it. A small tear is made centrally in the posterior capsule with a 30G 
needle, and Berger’s space is filled with OVD beyond the size of the capsulorhexis. 
The posterior capsulorhexis is made with a microforceps using the anterior rhexis as 
guide. If capsular hooks are used, then these can be repositioned through both the 
anterior and posterior rhexis to support the capsular bag and zonulas during implan-
tation. The main incision is increased to 3.0 mm. The BIL 89A is injected into the 
anterior chamber and pushed into position close to the capsular bag. The posterior 
haptic is gently manipulated through both rhexes (Fig. 17.7c). If hooks are used, 
they should be removed during or after this procedure. After the correct placement 
of the BIL, the first bean ring is implanted through the main incision and placed in 
the sulcus (Fig. 17.7d). With a bimanual manoeuvre, the inner ring is placed into the 
interhaptic grove of the BIL. The same manoeuvre is done with the second bean 
ring (Fig. 17.7e).

The inner ring of the bean rings should be pushed into the lens groove simultane-
ously to ensure a correct position. The OVD is removed using the irrigation- 
aspiration system, and the conjunctiva is closed with Vicryl 8-0 resorbable sutures. 
Any vitreous in the anterior chamber should be removed using a vitrector. 
Acetylcholine (Miochol®-E) can be injected to prevent iris capture within the IOL 
haptics and to test for vitreous prolapse. Cefuroxime (Aprokam®) is installed in the 
anterior chamber at the end of surgery.
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Fig. 17.7 Different steps in the bean ring technique
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17.2.2.2  Complications of Bean Rings
• Iris capture: When using the bean-shaped rings in the sulcus, the IOL complex is 

placed slightly more anteriorly, and iris capture and pupillary block are more 
likely to occur (Fig. 17.8). It is therefore advised to perform an iridectomy per-
operatively or a YAG iridotomy pre- or postoperatively. Treatment of iris capture 
is either medical by dilating the pupil or surgical by repositioning of the BIL. An 
iridotomy should be made, preventing recapturing by deepening the anterior 
chamber.

• Subluxation: Subluxation of the capsular bag  – IOL complex can occur with 
incorrect placement/dislocation of the bean rings either out of the groove or out 
of the sulcus. Repositioning or fixation should be considered in these cases. 
Subluxation can also be the result of bean rings that are too small. In this case, 
they should be replaced by larger bean rings with greater outer ring diameter or, 
alternatively, on one side only. Finally, subluxation can occur as a result of asym-
metrical anatomy in zonular strength. In this case, consider suturing the IOL 
complex to the sclera. In some cases, the two bean rings can be sutured together 
to facilitate better centration.

• Postoperative refractive challenges: In cases of zonulolysis, the acceptable post-
operative refraction error range is larger than in normal cataract surgery. If unac-
ceptable refractive errors occur, consider contact lens use or corneal surgery as 
alternatives to lens exchange.

Fig. 17.8 Iris capture after 
BIL with bean rings, treated 
by dilating the pupil. Notice 
the iris captured by the 
anterior haptic to the left
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17.3  Core Messages

• Bag-in-the-lens (BIL) is an excellent option in challenging cases of zonulolysis 
and lens luxation.

• Instant fixation suture(s) can be placed using “lasso suture” technique, without 
interfering with the closed capsular bag.

• Remember to empty the capsular bag before performing the posterior rhexis if 
OVD is used when implanting the CTR.

• The bean rings are suited for sutureless centration of the BIL in younger patients.
• Use a CTR in all cases of zonular weakness.
• Consider iridotomy in cases with bean rings.
• Always have a surgical backup plan.

17.4  Instrument Used

The instruments listed are our preferences, but similar instruments can be used 
based on the preference of the surgeon.

Item Description Manufacturer
Sideport knife ClearCut 1.2 Dual Bevel Alcon
Slit knife ClearCut 2.2 SB Alcon
OVD Provisc, Viscoat Alcon
Hydrodelineator 
cannula

REF585107 bvi, Visitec

Dye Vision Blue DORC
Caliper ring No. 5 Morcher
Capsulorhexis forceps K5-090D Medilens
Capsular tension ring Eyejet CTR Morcher
Microforceps Ikeda angled 30° capsulorhexis 23.0G forceps, 

Fr2268
EyeTech

Capsular hooks The Mackool Cataract Support System II (CSSII) Impex
Suture Prolene 9-0 Ethicon
Cannula 25G Braun
Manipulator “Y” K3-5535 Katena
Forceps Handle 360 Ahmed micrograsper

Hoffman/Ahmed horizontal scissors
MST
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18Scleral Anchoring of the Modified  
Bean- Shaped Ring Segments
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18.1  Introduction

Zonular fibres are suspensory ligaments that hold the lens in its physiological posi-
tion [1]. These fibres have their origin in the ciliary epithelium and are inserted onto 
the lens in a circular manner [2]. Defective zonules can be caused by congenital 
malformations, total or partial agenesis, hereditary metabolic diseases, chronic 
inflammation and microfibrillopathy and by mechanical disruption [1, 2]. These 
conditions can be found in pseudoexfoliation syndrome, high myopia, Marfan syn-
drome, Weill-Marchesani syndrome, ocular trauma or as a result of previous intra-
ocular surgery [1, 2]. The zonular fibres are affected by these pathologies; this 
causes the zonular weakening or dehiscence and can lead to lens luxation or sublux-
ation. Lens exchange surgery is technically challenging in the presence of lens luxa-
tion or subluxation; therefore, this procedure should be performed only by 
experienced surgeons.

Zonular stabilisation for bag-in-the-lens (BIL) implantation is usually achieved by 
using bean-shaped ring segments [3]; however, these devices do not offer enough 
zonular stability when the zonulopathy is severe and, therefore, modified bean- shaped 
ring segments have been designed in order to facilitate their scleral suturing [4]. Both 
devices’ designs are basically the same; the only difference between them is that the 
modified bean segments have an eyelet for facilitating scleral suturing (Fig. 18.1) [3].
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This chapter presents the modified bean-shaped segments’ anchoring technique 
for zonular reinforcement, which is required for bag-in-the-lens (BIL) implantation, 
by exploring the example of a case of lens-bag complex subluxation [4]. The anchor-
ing technique described in this case could be applied to the special cases mentioned 
above.

18.2  Indications

The signs of damaged zonules include iridodonesis, phacodonesis, lens subluxation 
or the presence of vitreous in the anterior chamber [5]. In some of these cases, it is 
necessary to implant a capsular tension ring – CTR – in order to enhance the lens- 
bag’s stability. These incomplete ring-shaped devices are manufactured from poly-
ethylmethacrylate (PEMA) and have an eyelet at each end [5, 6].

The CTR distributes a centrifugal force towards the capsular bag equator when 
placed inside the capsular bag, thereby transferring the tension from the area that 
has intact zonular fibres to areas with zonular weakness or dehiscency [5, 6].

A standard CTR will not offer sufficient support when the zonular dehiscence is 
greater than four clock hours or in cases of severe zonular laxity. In order to over-
come this inconvenience, Cionni has introduced the modified CTR [7] (M-CTR or 
Cionni ring) which has been specifically designed for scleral anchoring. This is 
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Fig. 18.1 Technical schematic of the modified bean-shaped ring segment
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accomplished through a fixation element that is attached to the standard CTR, which 
ends with an anchoring eyelet [7].

Following Cionni’s development, other devices for lens-bag stabilisation have 
been elaborated, and these include Henderson modified endocapsular tension ring, 
Ahmed capsular tension segment or the Coloboma shield [5]. Any of these devices 
could be successfully used in association with the in-the-bag IOL implantation. 
Unfortunately, these devices could not be used with the bag-in-the-lens (BIL), 
because their special technique for positioning requires a greater degree of zonular 
stability [3, 8].

The bean-shaped ring segments were developed on the basis of the standard 
CTRs [3] and in order to provide additional capsular support, thereby allowing for 
BIL implantation [8].

The standard bean-shaped ring segments do not provide sufficient support in 
cases of severe zonular damage, unless they are anchored to sclera; for this reason, 
an eyelet has been attached to the centre of the inner face of the outer semicircle to 
facilitate anchoring it to the sclera [4].

18.3  Surgical Technique

A 77-year-old female patient complained of a recent decrease of OD vision. Her 
ophthalmological history indicated a cataract surgery with CTRs and BIL implan-
tation (+8D lens OD and +3D lens OS) 8 years previously, high myopia bilaterally 
(OD −13D, OS −14D) and pseudoexfoliation glaucoma. At the time of hospital 
admission, her best corrected visual acuity was 0.2 (decimal Snellen). The biomi-
croscope examination of the OD showed an extensive zonular dialysis with lens-
bag complex inferior subluxation. In the OS, the biomicroscope examination 
showed a well-centred BIL and pseudoexfoliative material on the lens surface. A 
dilated fundus examination revealed OU myopic retinal pigmentary changes and 
disc excavation secondary to the pseudoexfoliation glaucoma. The autorefractom-
etry for the OD was unmeasurable and was −0.50DS/−1.00 DC @ 173° for the 
OS. Intraocular pressure was 20 mmHg OD and 19 mm OS with topical medica-
tion (latanoprost).

The surgical intervention’s first step consisted of a double anaesthesia, both topi-
cal with oxybuprocaine and intracameral with both adrenaline (1:1000) and xylo-
caine solution. After a 3 min isobetadine antiseptic protocol/procedure, the eye was 
draped with a sterile drape.

A scleral pocket (Fig. 18.2) can be created by using a crescent blade with a start-
ing point in a clear corneal incision in the zonular area that presents maximum 
dehiscence, according to the scleral fixation technique without the necessity for 
conjunctival dissection as described by Hoffman et al. [9]. In this way, the need for 
the following steps can be eliminated: suture knot rotation, sutured wound closure, 
conjunctival dissection, scleral cauterization and suture [9]. The main incision is 
made with a blade of 2.8 mm in a clear cornea diametrically opposed to the area of 
maximum dehiscency. The anterior chamber depth is maintained by intracameral 
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injections of a cohesive ophthalmic viscosurgical device (OVD) (Healon GV, Abbott 
Medical Optics).

The modified bean-shaped ring segment is prepared by passing it through its 
eyelet of a double armed 10-0 Prolene suture twice, on two straight needles with 
both port needle and forceps.

The two sutures are successively inserted intraocularly through the main incision 
and externalised parallel to each other at the scleral pocket, approximately 2 mm 
from the limbus. The bean segment is implanted in the sulcus using a microforceps 
and is lined up with the scleral pocket by using the secured eyelet (Fig. 18.3). From 

Fig. 18.2 Creation of a Hoffman pocket

Fig. 18.3 Schematic of 
the suture bean placement
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inside of the scleral pocket, both ends of the 10-0 Prolene suture are retrieved with 
both a forceps and a microforceps through the limbal corneal incision, located at the 
scleral pocket base (according to the Hoffman technique), and are tied with two 
suture-tying forceps [9]. In this way, the knot is protected inside the scleral pocket, 
thereby eliminating the need for additional scleral and conjunctival sutures.

The scleral anchoring of the modified bean segment permits the insertion of the 
segment’s inner semicircle into the BIL’s interhaptic groove [4], by using an instru-
ment with a rounded knob attachment (i.e. Lester manipulator). The implantation of 
a second modified bean segment is necessary to augment zonular stability.

This second device may or may not be sutured to the sclera in the same way as 
the first one. The insertion of the second segment inner semicircle into the BIL’s 
interhaptic groove is made by two IOL manipulators, resulting in optimal BIL sup-
port and centration [4]. The OVD is washed from the anterior chamber after the lens 
has been positioned in both modified bean segments.

Carbachol solution is injected into the anterior chamber, as well as cefuroxime 
(Aprokam®, Thea Pharmaceuticals), to reduce the risk of infection at the end of the 
surgery as well as to reduce the risk of iris incarceration in the complex formed by 
the BIL and bean segments.
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19Combined BIL and Vitrectomy
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Abbreviations

AC anterior chamber
ACCC anterior continuous curvilinear capsulorhexis
BIL “bag in the lens” foldable IOL
BSS balanced salt solution
CTR capsular tension ring
HPMC hydroxypropylmethylcellulose
I/A irrigation and aspiration
IOFB intraocular foreign body, -ies
IOL intraocular lens
OVD ophthalmic viscoelastic device
PDR proliferative diabetic retinopathy
PPCCC primary posterior continuous curvilinear capsulorhexis
PPV pars plana vitrectomy
PVR proliferative vitreoretinopathy
RD retinal detachment
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19.1  Introduction

Many vitreoretinal surgeons perform simultaneous cataract surgery and vitrectomy, 
if there is a significant cataract or if a nuclear cataract formation has to be expected 
soon after a vitrectomy, especially in the presbyopic patient [1].

In complex vitreoretinal diseases (e.g., rhegmatogenous retinal detachments 
with or without proliferative vitreoretinopathy (PVR), advanced proliferative dia-
betic retinopathy (PDR) with tractional retinal detachments or in ocular trauma 
cases with dense vitreous hemorrhages), phacovitrectomy should be considered 
even in younger patients: The risk of an inadvertent lens touch during vitreous base 
shaving, dissection and removal of peripheral membranes or laser coagulation of 
peripheral breaks, and subsequent early cataract formation is quite high. An intra-
operative lens opacification can occur during a lengthy operation even without a 
lens touch and impedes a sufficient visualization of the posterior segment. 
Removing the crystalline lens and implanting an intraocular lens (IOL) before the 
vitrectomy enable the surgeon to perform all surgical manipulations, which are 
necessary for an adequate treatment of the underlying disease, up to the ora serrata 
and the pars plana.

However, significant fibrinous exudation, posterior synechiae, and early poste-
rior capsular opacification can occur, if cataract and posterior segment surgeries are 
combined, especially in eyes with a compromised blood-retinal barrier like in PDR, 
PVR, uveitis, after ocular trauma, or if longer-acting intraocular tamponades are 
needed [2–7]. An intravitreal gas tamponade can lead to a slight tilt, and decentra-
tion of the IOL (even if it was centered perfectly at the end of the surgery, i.e., in the 
bag with the anterior capsule covering the peripheral optic completely) can result in 
an early fibrosis of the posterior capsule (Fig. 19.1).

The concept of the “bag in the lens” (BIL) [8] IOL addresses all these potential 
complications. After a PPCCC and implantation of a BIL, there will be no posterior 
capsular opacification in the visual axis and no anterior capsule contraction. A YAG 
capsulotomy is no longer needed in these eyes [9, 10]. The BIL has good long-term 
stability [11].

Long-acting mydriatics are a risk factor for posterior synechiae after combined 
surgery [12]. If they are avoided postoperatively, synechiae between the posterior 
iris and the anterior lens capsule cannot develop because the anterior haptic of the 
BIL separates the anterior capsule near the capsulorhexis completely from the 
pupillary margin.

19.2  Methods/Technique

19.2.1  The “Bag in the Lens” Type 89F

In our clinic we started to implant the BIL in 2009. It soon became the IOL of 
choice for all vitrectomies combined with phacoemulsification and intraocular lens 
implantation [13].
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However, starting with the Morcher Type 89A (Morcher, Stuttgart, Germany) 
which has a diameter of 7.5 mm of both haptics, a pupillary capture occurred in 
about 38%, mainly in air- or gas-filled in the first postoperative days.

The BIL was modified by enlarging the diameter of the anterior of the two ellipti-
cal haptics from 7.5 mm to 8.5 mm (Morcher Type 89F, Fig. 19.2a), while the pos-
terior haptic was not changed (Fig. 19.2b).

The Morcher Type 89F is available from +10 to +30 diopters (on request also 
from +8.5 to +9.5 diopters) in increments of half diopters. Only in highly myopic 
patients, the Morcher Type 89A has still to be used (0 diopters to +8.0 diopters in 
increments of one diopter, on request).

Meanwhile, more than 3000 combined surgeries have been performed in our 
clinic with the BIL, in the vast majority with Type 89F.

19.2.2  Indications

The BIL can be implanted in every eye undergoing combined phacoemulsification 
and vitrectomy, if the zonules are stable enough to support an IOL, if an anterior and 
a primary posterior continuous circular capsulorhexis (ACCC and PPCCC) of an 
adequate size (between 4.5 and 5.0 mm) have been performed, and if there is no 
radial tear in the ACCC.

19.2.3  Surgical Technique with the BIL Type 89F

Phacovitrectomy requires peribulbar or general anesthesia. To avoid a positive vitre-
ous pressure, a subsequent retrobulbar or subtenon injection should be postponed 

Fig. 19.1 Single-piece 
IOL with posterior 
capsular opacification after 
two vitrectomies for PVR 
retinal detachment. Inferior 
haptic in front of anterior 
capsule
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until the completion of the PPCCC, if a peribulbar anesthesia fails to produce ade-
quate analgesia and akinesia.

Before starting phacoemulsification, the first pars plana trocar for the infusion 
line is placed, usually inferotemporally. We use a high flow 27 gauge cannula 
(DORC, Zuidland, the Netherlands) with the valve left on the cannula. Then a clear 
corneal incision is performed using a 2.8 mm keratome.

The technique of the anterior continuous circular capsulorhexis (ACCC) is the 
same as described in Chap. 6: Healon GV (Abbott Medical Optics Inc., Santa Ana, 
USA) is injected into the anterior chamber (AC), and a 5 mm ring caliper (Morcher) 
is implanted and centered. An ACCC of 4.5–5.0 mm is carried out within the ring. 
After hydrodissection and phacoemulsification, the cortex is removed thoroughly 
with irrigation/aspiration (I/A) and by injection of BSS with a 27 gauge Sauter 
hydrodissection cannula (Beaver Visitec International, Abingdon, UK) between the 
peripheral anterior and posterior capsule. Removal of as much of the peripheral 

a

b

Fig. 19.2 BIL Type 89 F, 
view from anterior (a) and 
posterior (b). The major 
axis of the elliptical 
anterior haptic is 8.5 mm 
and of the posterior haptic 
only 7.5 mm
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cortex remnants as possible is performed to reduce the likelihood of a Soemmerring 
ring [14] in the future. After flattening the anterior chamber by gentle depression 
of the posterior lip of the corneal incision, Healon GV is injected with the cannula 
parallel to iris plane and capsular bag and peripheral to the ACCC. The viscoelastic 
should not open the capsular bag so that both capsules remain attached to each other.

A PPCCC is much more difficult in a loose posterior capsule. The use of a cap-
sular tension ring (CTR) is recommended if significant folds or wrinkles can be seen 
in the posterior capsule before puncturing the posterior capsule. A CTR is also used 
in eyes with pseudoexfoliation, in zonular instability, after ocular trauma, in high 
myopic eyes, or after a previous vitrectomy. We use an Eyejet CTR type 14 C 
(Morcher). The CTR can be injected between both capsules without opening the 
capsular bag with the ophthalmic viscoelastic device (OVD). This is usually possi-
ble by simple injection of the CTR into the bag parallel to the plane of the posterior 
capsule and guiding the ring by gentle movements of the injector.

The PPCCC (see detailed description in Chap. 7) is started with a sharp 30 gauge 
needle (Becton, Dickinson & Company Ltd., Drogheda, Ireland) mounted on a 
Healon syringe. It is approached nearly tangential to the central posterior capsule. 
Immediately before penetration of the posterior capsule, a few radial folds can be 
seen, which will immediately vanish after penetration of the capsule. After entering 
Berger’s space with the lumen of the needle completely beyond the capsular open-
ing, Healon can be injected slowly in front of the anterior hyaloid without changing 
instruments. After creating at least a small bubble of Healon behind the posterior 
capsule, the slit should be enlarged by grasping one edge until a small semicircular 
flap is created. This helps to prevent a sudden rupture of the posterior capsule while 
injecting more Healon with the 27 gauge Sauter hydrodissection cannula into 
Berger’s space. The flat cannula can be inserted through one of the two paracentesis 
to inject Healon behind different parts of the posterior capsular opening. It is very 
useful to use a high magnification of the operating microscope to be sure that the 
Healon cannula is directly behind the posterior capsule and not in front of the pos-
terior capsule or behind the anterior hyaloid. The attachments between the anterior 
hyaloid and the posterior capsule should be completely released beyond the ACCC 
so that no vitreous can prolapse into the AC. The PPCCC should be slightly smaller 
or of the same size, but not larger than the ACCC.

We inject the BIL Type 89F through a 3.0  mm corneal incision with the 
NAVIJECT TM 2.8-1P (LP604410W) injector (Medicel AG, Altenrhein, 
Switzerland). The BIL has to be laid into the cartridge with the longer anterior hap-
tic upside and with the axis of the anterior haptic parallel to the axis of the injector 
(Fig. 19.3). Addendum: The NAVIJECT injector is currently not available any more. 
In our clinic it has been replaced by the Inside® Easy injector 2.4 (O&O mdc Ltd., 
Lewes, East Sussex, U.K). With this injector a 2.6 mm incision is enough for a 
wound injection of the BIL Type 89F.

It is important to check the correct entry of the plunger into the cartridge before 
implanting the IOL under the microscope. A twisted plunger in the cartridge will lead 
to an increased resistance during the injection of the IOL and can block the complete 
release of the trailing part of the anterior haptic into the anterior chamber. This could 
cause a defect of the anterior haptic (Fig. 19.4) we have seen in a few cases.
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The leading haptic should be directed into the space between pupil and anterior 
capsule. However, the leading haptic can slip inadvertently through the PPCCC into 
the anterior vitreous cavity. This can be managed by lifting this part of the IOL with 
a spatula or a cannula (via the corneal tunnel and posterior to the optic) above the 
capsules (Fig. 19.5).

Usually the trailing haptic remains near the corneal incision after the removal of 
the injector. With a Healon cannula entering the anterior chamber through the cor-
neal incision or via a paracentesis, this part of the IOL can be pushed down with 
Healon or the cannula itself. More Healon is injected on top of the optic so that the 
BIL is parallel to and near the capsules. The implantation is similar to putting a 
knob into a buttonhole. Starting with one half of the posterior haptic, which is 
pushed by the Healon cannula or a Neuhann Nucleus Rotator (Geuder AG, 
Heidelberg, Germany) underneath both capsules, the second half is inserted in 

Fig. 19.3 BIL Type 89F 
in Naviject® cartridge with 
anterior haptic upside and 
its major axis parallel to 
cartridge

Fig. 19.4 BIL Type 89F 
with a defect of the 
anterior haptic after 
implantation into the AC
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small, gentle steps into Berger’s space until both capsules are implanted into the 
groove of the BIL.

If the zonules are weak, a bimanual technique using an iris hook to stretch the 
rim of ACCC and PPCCC while pushing the second half posterior to the capsules is 
recommended.

The OVD is removed out of the AC with I/A and a relative low irrigation pres-
sure. With higher irrigation pressures, the AC can be deepened too much which 
could induce an undesirable constriction of the pupil before the vitrectomy.

The corneal incision is sutured with 10-0 nylon. The suture is usually removed at 
the end of the surgery.

The other two pars plana trocars (in our clinic usually 23 gauge) are inserted, the 
infusion line is connected to the inferotemporal trocar, and the vitrectomy is started. 
The OVD in Berger’s space is removed with the vitreous cutter taking care not to 
engage the posterior capsule.

At the end of the vitrectomy, the pupil is always constricted with Miochol®-E 
(Bausch + Lomb Incorporated, Rochester, USA). To achieve a sufficient constric-
tion, the injection of adrenaline into the AC should be avoided after the IOL 
implantation.

19.2.4  Surgical Technique in Eyes with a Reduced or Absent Red 
Reflex

Cataract surgery in eyes with a markedly reduced or absent reflex can be quite chal-
lenging. The ACCC usually can be performed under high magnification of the oper-
ating microscope even with no red reflex. Visualization of the anterior capsule 
during the ACCC or during phacoemulsification can be improved using an intra-
cameral illumination [15–18] (via a sideport incision) or with retroillumination 
using a chandelier light [19, 20] in the pars plana. The injection of triamcinolone on 
the anterior capsule [21] or into the anterior vitreous [22] has also been described.

Fig. 19.5 BIL Type 89F 
after implantation of “bag 
into lens” in an eye 
undergoing vitrectomy
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It is important to control the peripheral capsular bag with an endoillumination 
light probe in the AC since all cortical remnants should be removed before initiation 
of the PPCCC. After the implantation of the BIL, it is not possible to remove corti-
cal fibers anymore.

If the red reflex is reduced due to a circumscribed preretinal or subretinal hemor-
rhage, it is sometimes possible to enhance visualization of the posterior capsule by 
tilting the eye. However, in diabetic patients with a moderate intravitreal and/or 
preretinal hemorrhage in the beginning of the cataract surgery, the red reflex often 
deteriorates before starting the PPCCC.

The critical steps of puncturing the posterior capsule, injecting OVD into 
Berger’s space, and starting the PPCCC often require an intracameral illumination. 
We usually use a shielded 27 gauge illumination probe (DORC) via a paracentesis. 
A 23 or 25 gauge probe can be used instead through a widened paracentesis or the 
main incision.

The probe should illuminate the capsular bag tangentially. The posterior capsule 
is punctured, and Healon is injected carefully through the slit and just behind the 
posterior capsule (Fig. 19.6).

Reflections of the light on the metallic surfaces of the needle, the forceps, or the 
Healon cannula can be disturbing. A successful separation of the anterior hyaloid 
from the posterior capsule can be seen if the blood-stained anterior vitreous moves 
posteriorly.

If the anterior hyaloid has been perforated too early, the Healon is injected not 
into Berger’s space but into the anterior vitreous. If this happens, it should be 
attempted to separate the anterior hyaloid from the posterior capsule. Berger’s space 
should be opened with the Healon cannula behind the posterior capsule and in front 
of the rim of the defect in the anterior hyaloid. Then Healon is injected slowly 
peripheral to the rim.

An intracameral illumination with a small-gauge endoillumination probe in the 
paracentesis is also very useful during the implantation of the bag into the IOL 
(Fig. 19.7).

An alternative approach to intracameral illumination-assisted PPCCC is to 
improve the red reflex before the PPCCC. The PPV is started to remove the central 

Fig. 19.6 Performing the 
PCCC in the eye with 
absent red reflex due to 
vitreous hemorrhage. 
Intracameral illumination 
with a 27 gauge shielded 
endoillumination probe in 
paracentesis

T. P. Eckert



181

intravitreal and preretinal hemorrhages but without starting membrane surgery 
which could cause active bleedings. After having improved the red reflex, it is much 
easier to identify the anterior hyaloid and to open Berger’s space with Healon. A 
disadvantage of this technique is the increasing mobility of the capsular bag, which 
tends to have a concave profile after removal of the anterior vitreous. A CTR should 
be considered. The technique of PPCCC in such a situation is similar to the tech-
nique for already vitrectomized eyes described in 19.2.6.

19.2.5  Surgical Technique in Eyes with Posterior Synechiae  
and/or Small Pupils

If the pupil is too small to perform the ACCC and PCCC safely or if there are pos-
terior synechiae, we use five iris retractors (Alcon/Grieshaber) to dilate the pupil to 
about 5–5.5 mm, so that the caliper ring can be seen completely. After the BIL is 
implanted, the iris hooks are removed, and the corneal incision is sutured. The vis-
coelastic is left in the AC to avoid flattening of the AC and pupillary constriction. 
Usually, the pupil remains wide enough to reach the peripheral retina and the vitre-
ous base by indentation. Before the last fluid-air exchange and the injection of the 
tamponading agent, the OVD is removed from the AC with bimanual 
I/A. Postoperative mydriatics are not necessary since posterior synechiae will not 
develop again even after heavy fibrin exudation in the first days. Fibrinous mem-
branes are only treated with hourly local steroids.

19.2.6  Surgical Technique in Vitrectomized Eyes

If a phakic eye has been already vitrectomized, cataract surgery can be difficult, 
especially in myopic eyes with a deep chamber and in eyes with decreased zonular 
stability. Even with lower irrigation pressures, the anterior chamber can be very 
deep during phacoemulsification, and the pupil tends to constrict early.

Fig. 19.7 Implantation of 
the bag into the lens with 
intracameral illumination 
(the same eye as in 
Fig. 19.6)
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A CTR should be implanted to stabilize the posterior capsule. However, the 
absence of significant amounts of vitreous behind the posterior capsule makes it 
more flaccid. Puncturing such a posterior capsule is more difficult than in a non- 
vitrectomized eye and should be carried out only with a sharp needle.

Healon injected into Berger’s space can separate even a thin layer of anterior 
hyaloid, but often the viscoelastic simply falls into the vitreous cavity.

Because there is no barrier between posterior segment and anterior chamber, the 
eye can become too soft.

Therefore, the pars plana infusion should be connected to the first trocar before 
starting the PCCC. Irrigation pressures should be set to low values (5 mm Hg). By 
intermittent activation of the infusion, one can pressurize the vitreous cavity with 
small amounts of fluid as needed. Higher irrigation pressures could press the OVD 
out of the AC via the corneal incision and should be avoided. Using this technique, 
it is usually possible to perform the PPCCC.

Because of the increased elasticity of the posterior capsule, a smaller opening 
should be attempted by pulling the posterior capsule more to the center than usual 
(similar to an ACCC in children). Implanting the capsular bag into the groove of the 
BIL is easier after closure of the corneal incision with the OVD still in the AC. With 
the pars plana infusion on, the posterior haptic is positioned behind the PCCC using 
a Neuhann Nucleus Rotator or a similar instrument through a paracentesis. The 
OVD can be removed with bimanual I/A after successful implantation of the BIL.

19.2.7  Surgical Technique in Gas-Filled Eyes

If an early reoperation in a phakic eye is necessary, and there is still air or gas in the 
eye, this should be removed via the pars plana before starting the PCCC. All three 
trocars should be inserted before starting the PCCC.

Small air or gas bubbles behind the posterior capsule can be tolerated since they 
can be displaced by injection of Healon or by removing them via the AC.

19.2.8  Surgical Technique in Silicone Oil-Filled Eyes

The buoyancy of silicone oil leads to a convex contour of the capsular bag after 
removal of the lens cortex. This improves the apposition of both capsules and facili-
tates the PPCCC compared to vitrectomized eyes without oil tamponade. Therefore, 
it is not useful to remove the oil before the PPCCC. After filling the AC with Healon 
GV as usual, implanting a CTR and puncturing the posterior capsule, the oil can be 
separated easily from the posterior capsule with Healon. If this is accomplished, no 
silicone oil will prolapse into the AC during the PPCCC.

Theoretically, it would be possible to aspirate the silicone oil through the PPCCC 
[24–27]. We prefer to remove the silicone oil after implantation of the BIL with 
active aspiration through one of the 23 gauge pars plana cannulas to protect the 
corneal endothelium.
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19.3  Special Indications

19.3.1  Posterior Capsule Rupture

In a complicated cataract surgery with a rupture of the posterior capsule, the BIL is 
an alternative to a sulcus-fixated IOL, if the ACCC is intact and not larger than 
5.0 mm. After anterior vitrectomy, the anterior (if too small) and the posterior cap-
sular opening are enlarged (if smaller than the ACCC) with microscissors and an 
end-gripping microforceps to a size of 4.5–5.0 mm.

This is also true for all combined phacovitrectomies with an inadvertent poste-
rior capsule rupture.

19.3.2  Penetrating Ocular Trauma

In penetrating traumas with a perforation of the crystalline lens peripheral to the 
central 7 mm a normal 5 mm, ACCC is usually possible. After the removal of the 
nucleus and cortex, the posterior capsule defect often extends into the center of the 
posterior capsule. After vitrectomy of the anterior vitreous, such a defect can be 
converted into a noncontinuous posterior capsulorhexis of about 5 mm with small- 
gauge microscissors and microforceps through the pars plana cannulas or through a 
paracentesis. Then the ACCC and at least parts of the posterior capsule can be 
implanted into the groove of the BIL leading to an acceptable stability.

19.3.3  IOFB Removal Through PPCCC

Intravitreal foreign bodies (IOFB) of appropriate size can be removed through the 
capsular openings with an endomagnet or with microforceps pulling or grasping 
the IOFB out of the anterior vitreous cavity, if they fit through the corneal incision 
[28–30]. The corneal endothelium should be protected by OVD.  During the 
extraction through the AC the infusion is deactivated. The lens is implanted 
afterward.

19.3.4  Uveitis

Especially in inflamed eyes and in chronic uveitis, the BIL is a very good option. A 
synechiolysis and pupillary dilation with iris hooks are often needed.

Posterior synechiae cannot arise, even after a heavy postoperative fibrin exuda-
tion, because the paracentral and mid peripheral anterior capsule is covered by the 
anterior haptic. Aggressive steroid treatment should be applied in the first week. 
Surprisingly, these eyes calm down rather quickly. Giant cells on the hydrophilic 
IOL can be found postoperatively, especially in chronic uveitis or advanced 
PDR. Usually this reaction is relatively mild.
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19.4  Complications Related to the IOL Design

19.4.1  Condensation on the Posterior Surface of the BIL During 
Fluid-Air Exchange

After a fluid-air exchange, condensating water vapor will almost always cover the 
posterior surface of the hydrophilic BIL at least in parts and deteriorates the view on 
the fundus significantly. If further intravitreal manipulations under air are necessary 
(e.g., drainage of subretinal fluid, laser coagulation of breaks, peripheral vitrec-
tomy), this can be very annoying (Fig. 19.8).

One drop of hydroxypropylmethylcellulose (HPMC) 2% (e.g., Aurovisc®, 
Aurolab, Madurai, India) applied on the posterior surface of the BIL eliminates the 
condensation completely and restores a good visualization of the retina.

19.4.2  Pupillary Capture

A pupillary or iris capture is a known complication of the BIL, even in normal cata-
ract surgery [8, 10]. It can occur also with other IOL types, if the optic is not covered 
completely by the capsular bag (e.g., in sulcus-fixated IOL). In a retrospective anal-
ysis of combined cataract extraction and pars plana vitrectomy, 1-piece IOLs “in the 
bag” were more prone to pupillary capture than 3-piece IOLs [23].

Pupillary capture is the most common BIL-related complication in combined 
phacovitrectomy (about 7% in our series). The likelihood of a pupillary capture is 
higher in gas-filled eyes. This is also true after reoperations in an eye with a BIL.

The intravitreal gas bubble can tilt the BIL and push one or even both haptics in 
front of the pupillary plane, especially if the patients lie in a supine position, for 

Fig. 19.8 Condensation 
of water vapor on posterior 
surface of BIL 
immediately after an 
fluid-air exchange
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example, in the postanesthesia recovery. When the pupil is constricting during this 
period, parts of the iris can get caught into the groove of the BIL. In most of the 
cases, three to six clock hours of incarceration are found, usually in the first postop-
erative days. With a longer-acting gas such as C2F6, a pupillary capture can occur 
even after the first week.

To prevent a pupillary capture, Miochol®-E is injected at the end of surgery to 
constrict the pupil. Even small intracameral doses of acetylcholine can induce a 
bradycardia and hypotension. Therefore, the anesthetist should always be informed 
if intracameral Miochol®-E is used. Blood pressure and heart rate should be moni-
tored in the first hour after the intracameral injection. In our clinic every patient 
receives 0.25 mg intravenous atropine prophylactically at the end of the surgery.

Even a slight leakage through one of the corneal incisions at the end of the operation 
should not be tolerated since a flat AC favors a pupillary capture. If the pupil remains 
relatively wide, it should be checked that the anterior haptics are behind the pupil.

The patient is advised to avoid a supine position. Mydriatics must not be applied 
postoperatively as long as a significant amount of gas is in the eye (about 3 days in 
an eye with a complete air fill, about 1 week using SF6 and even more with a longer- 
acting gas like C2F6). Usually it is possible to see the peripheral retina in a gas- 
filled eye without dilating the pupil.

However, at the end of the vitrectomy, some pupils cannot be constricted suf-
ficiently or the patient lies on his back, or mydriatics are applied too early or 
inadvertently.

If there is only a partial pupillary capture, repeated application of short-acting 
mydriatics can lead to a complete dilation of the iris pulling the pupillary margin out 
of the groove of the BIL. The patient should be asked to maintain a prone position 
for the following hours in order to minimize the pressure of the intravitreal gas on 
the BIL. With continued prone positioning, the pupil can constrict in front of the 
BIL within the next hours (Fig. 19.9).

In most cases we prefer to reposition the incarcerated iris. A slim iris spatula is 
put through a paracentesis opposite to the captured area into the AC and underneath 

Fig. 19.9 Partial pupillary 
capture on the second day 
after phacovitrectomy with 
air tamponade
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the pupil near the captured part. With a sliding motion of the spatula parallel to and 
in front of the BIL, the captured iris is pulled out of the groove of the BIL. This 
should be done in the operating room under topical or intracameral anesthesia.

Trying to push the haptic in front of the iris behind the pupil should not be 
intended, since this can lead to a luxation of the BIL into the vitreous cavity.

In the rare event of a complete pupillary capture during the first postoperative 
days, there is a risk of pupillary block glaucoma. This situation requires a bimanual 
technique using two spatulas. The tip of the first iris spatula is inserted tangentially 
into the groove near the incarcerated area then behind the incarcerated iris. While 
pushing the pupillary margin to the periphery, the second spatula engages the pupil 
from a paracentesis opposite to the first spatula. This second iris spatula is sliding 
under the pupil until the first half of the haptic is covered with the iris again. The 
second half of the pupil can be repositioned as described. In a gas-filled eye, it is 
much easier to perform this maneuver after having filled the AC with an OVD. This 
is removed bimanually after repositioning the iris.

19.5  Silicone Oil

Silicone oil can be used in combination with the BIL without any restrictions. The 
silicone oil can be removed completely from the optic. However, numerous small 
emulsified oil droplets can get caught into the groove of the BIL which can be seen 
under high magnification (Fig. 19.10). These droplets cannot be removed by irriga-
tion or aspiration.

19.6  Troubleshooting

If vitreous enters the AC before implantation, remove the vitreous with the vitreous 
cutter through the pars plana cannulas first. If needed, triamcinolone acetonide can 
be injected into the AC to enhance a complete removal of vitreous strands in the AC 
and near the lens capsule. Only implant the BIL after complete removal of the ante-
rior vitreous.

Fig. 19.10 Retained 
emulsified oil droplets in 
the groove of the BIL after 
silicone oil removal
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19.7  Disadvantages of Combined BIL and Vitrectomy 
Compared to Phacovitrectomy with a Standard IOL

To date the price for the BIL is higher than for a standard IOL. In addition a ring 
caliper and the second OVD are needed. The IOL can be ordered only after an 
instructional course [31]. There is a learning curve. The cataract surgery (mainly the 
PPCCC) takes at least a few minutes longer. The PPCCC can be quite difficult, 
especially in eyes with a reduced or absent red reflex. In air- or gas-filled eyes, a 
diagnostic mydriasis has to be avoided in the first postoperative days. Pupillary 
capture can occur also in reoperations requiring an air or a gas tamponade.

19.8  Core Messages About the BIL in Vitreoretinal Surgery

The “bag in the lens” (BIL) IOL can be used in every vitreoretinal disease requiring 
phacovitrectomy, even in complex and advanced diseases.

The BIL offers a good intraoperative and postoperative visualization up to the 
peripheral retina and an excellent intraoperative stability, also during scleral 
indentation.

A posterior capsular opacification and a contraction of the anterior capsule can 
be avoided completely. In most cases the capsular bag remains relatively transpar-
ent. A postoperative YAG capsulotomy is not necessary anymore.

Until now we haven’t seen an opacification of the surface of the hydrophilic IOL 
[32], although most IOLs were in contact with air or gas.

If ACCC and PPCCC are of appropriate size, there will be no postoperative 
decentration of the BIL, even after a gas tamponade.

The AC becomes quiet within a few days, even in eyes with fibrinous 
exudation.

Outstanding is that even eyes with acute or chronic inflammation will never 
develop posterior synechiae or a seclusio pupillae. The pupil always remains mobile. 
This is especially helpful in eyes requiring further surgeries.

In posterior capsule defects, the BIL can be used as a backup lens instead of a 
sulcus-fixated IOL, if the ACCC has remained intact and is not wider than 5 mm.

If an exchange of the BIL is needed (e.g., after false biometry in macular-off 
RD), a BIL is much easier to explant [33] than a conventional single-piece or three- 
piece IOL out of a fibrotic capsular bag.

Pupillary capture can be avoided in most cases by using the Morcher Type 89F, 
constricting the pupil with acetylcholine at the end of the vitrectomy and by avoid-
ing mydriatics in the first postoperative days.
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19.9  Instruments/Tools Used During Combined BIL 
and Vitrectomy

This is a personal selection. Similar instruments can be used instead.

Item Product (number) Manufacturer
“Bag in the lens”
foldable IOL

Type 89F: 8.5–30 dpt.
Type 89A: 0–8 dpt.

Morcher,
Stuttgart, Germany

Ring caliper Ring Caliper Type 5 Morcher
Capsular tension ring Eyejet CTR type 14C

(PMMA 11–13 mm)
Morcher

Lens injection system Naviject® Injector Set
2.8 mm
(LP604410W) Addendum: 
Inside® Easy injector 2.4

Medicel AG,
Altenrhein, Switzerland 
Addendum: O&O mdc Ltd., 
Lewes, East Sussex, UK

OVD Healon
Healon GV

Abbott Medical Optics,
Santa Ana, USA

Capsulorhexis forceps Mohr Capsulorhexis 
Forceps (50.265)

DORC International,
Zuidland, the Netherlands

23 gauge microforceps Eckardt End-gripping
(1286.W06)

DORC International

23 gauge microscissors Straight (1286.J06)
Curved Horizontal (1286.
M06)

DORC International

23 gauge light fiber Eckardt Multi-Fiber
Endoillumination Probe/
Chandelier (3269.MF06)

DORC International

27 gauge light fiber Shielded Totalview 
Endoillumination Probe
(3269.SBS04)

DORC International

30 gauge cannula BD Microlance 3
30 Gauge 1/2 inch
(304000)

Becton, Dickinson & 
Company Ltd.,
Drogheda, Ireland

Hydrodissection cannula Sauter 27 gauge Flat Tip
Nucleus Hydrodissector 
(585099)

Beaver Visitec International,
Abingdon, UK

Nucleus rotator Thomas Neuhann
Nucleus Rotator
(G-32160)

Geuder AG

Iris hook Frankfurt Model Iris Hook
and Lens Manipulator
(G-31911)

Geuder AG

Iris retractors Flexible Iris Retractor
(611.74)

Alcon / Grieshaber AG, 
Schaffhausen, Switzerland

Balanced salt solution BSS® Alcon,
Fort Worth, USA

Acetylcholine chloride
10 mg/ml

Miochol®-E Bausch + Lomb Incorporated, 
Rochester, USA

Hydroxypropylmethylcellulose 
(HPMC) 2%

Aurovisc® Hypromellose 
Ophthalmic Solution 2%

Aurolab,
Madurai, India

Financial Disclosure The author has no financial interest in any material or method mentioned.
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20IOL Dislocation and the Diving BIL

Ernesto Bali, Haroon Haider, and Marie-José Tassignon

20.1  Introduction

Since Harold Ridley, rehabilitation after cataract surgery has been revolutionized by the 
implantation of an IOL. The IOL restores, and often improves, the focus of light rays upon 
the retina. Unfortunately, Ridley’s lens design was abandoned due to the nearly 10% dis-
location rate. Improvements in surgical technique, lens material and lens design decreased 
the likelihood of postoperative IOL malposition ever since. The incidence of malposi-
tioned IOLs still remains significant but is not the major cause for patient dissatisfaction. 
Incorrect lens power has become the leading reason for IOL explantation in recent years.

20.2  Classification and Aetiology of Lens Dislocations

IOL malpositioning can be divided into three categories:

 1. Dislocation (luxation), consisting of the complete loss of the lens into the vitre-
ous cavity due to zonular lysis or IOL implantation in an unsecure capsular bag. 
It occurs with an incidence of 0.8–1.2% [1, 2].

 2. Clinically significant decentration (subluxation), due to capsule contraction or 
zonular lysis. In this case part of the lens remains in the posterior chamber. Its 
incidence is about 3% [2].

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-03086-5_20&domain=pdf
mailto:ernesto.bali@chirec.be
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 3. Clinically insignificant decentration, defined as non-coincident centration of 
optic and pupil area, though without causing subjective symptoms. Its incidence 
is estimated to occur in 25% of lens-in-the-bag implantations [2].

Time of onset of IOL malpositioning in the anterior chamber is another param-
eter that may be used to classify malpositioned IOLs. Initial presentation may range 
from the time of implantation to a decade or more after the primary surgery. The 
majority of malpositioned IOLs, however, are observed within 3 months after origi-
nal surgery [3].

Implant malpositioning may cause significant visual disability mainly due to 
high-order aberrations, causing decreased contrast sensitivity, glare, monocular dip-
lopia and chromatic distortion. Subjective symptoms associated with a decentred 
IOL are in correlation with the “aphakic portion” of the pupil. Light passing through 
this aphakic crescent forms a blurred secondary image on the retina. For example, 
when 50% of the pupil is exposed, it causes a 50% decrease in contrast [4]. It is 
important to stress that although most optics are 5.5–6.0 mm in diameter, the effec-
tive zone of best acuity may be even smaller, according to the lens design, the lens 
power and the lens biomaterial (refractive index).

Multifocal implants typically employ a limited central zone for best distance 
acuity. These IOLs are very sensitive to reduced contrast sensitivity and decreased 
quality of vision in case of slight IOL decentration. In case of clinically significant 
lens decentration, patients’ subjective complaints include colour discrepancies, 
observation of the lens haptic/optic and the ability to describe its shape. One paper 
also described how a patient could observe the pits in the IOL optic after Nd:YAG 
laser capsulotomy [5, 6].

Over time, the types of malpositioned IOLs have evolved with changes in implant 
style and surgical technique. Subluxation was most commonly seen with the iris- 
fixated lenses of the 1970s and 1980s. Pupillary capture of the optic was most com-
mon in sulcus-fixated lenses without haptic angulation. Haptic malposition from the 
posterior chamber into the anterior chamber was often observed through large 
peripheral iridectomies, still in vogue in the late twentieth century. Elaborate dis-
cussions in the literature on sunrise, sunset, and windshield wiper syndromes gave 
clues about the possible aetiology of this condition. This led to better lens design as 
well as to improvements in surgical techniques [7]. It is well accepted nowadays 
that these conditions are associated with the discontinuity of the anterior capsu-
lorhexis, capsular bag tear or loose zonular apparatus, all of which most frequently 
occur as a complication of cataract surgery [8–10].

However, preexisting conditions that predispose an eye to a weakness of these 
structures or conditions that restrict the surgeon’s view during implantation may 
lead to a greater likelihood of postoperative IOL malpositioning. Pseudoexfoliation 
syndrome, prior trauma, prior surgery such as pars plana vitrectomy, systemic con-
nective tissue disease like Marfan’s syndrome, extreme advanced age and prior 
miotic therapy may all increase this risk. This is not to mention the traumatic post-
operative dislocation of the IOL, with all of its variable expressions.

E. Bali et al.
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20.3  The BIL Implant

The most frequent complication after cataract surgery remains posterior capsule 
opacification (PCO). The idea of capturing the remaining lens epithelial cells 
(LECs) in a closed space was based on the laboratory results of Marcantonio and 
Vrensen [11]. The bag-in-the-lens intraocular lens (BIL-IOL) was designed to erad-
icate PCO. To achieve this goal, the implantation technique includes an anterior and 
posterior capsulorhexis of the same size. The insertion of the remaining posterior 
and anterior capsule into the lens groove of the IOL captures the peripheral LECs, 
thereby preventing them from migrating onto the visual axis.

The early studies of the bag-in-the-lens implantation showed an incidence of iris 
capture of 2.35% [12]. Pupil dilation resolved the iris capture in most cases. In the 
event that it did not, iris capture was resolved at the slit lamp by pushing back the 
IOL after puncturing the anterior chamber with a 27-gauge needle. In the refractive 
cases, the iris capture was released in the operating room under topical anaesthesia 
in association with a peripheral iridotomy. Visual acuity outcome was not affected 
after the resolution of this complication. Since then, the peripheral groove of the 
BIL had been reduced to 0.25 mm instead of 0.4 mm, and the haptic flanges were 
reduced to 0.2 from the initial 0.25  mm, in order to avoid postoperative IOL 
wobbling.

In unexperienced hands, BIL-IOL dislocation can occur in 0.12% of cases [12]. 
This complication was a more significant risk prior to the development of the ring 
caliper in 2007.

Performing a well-sized and centred anterior capsulorhexis was a real challenge 
before the introduction of different devices that allow for the perfect sizing of the 
anterior capsulorhexis. The ring caliper, manufactured by Morcher, is the most ele-
gant and subtle tool to help the surgeon to perform a reliable anterior capsulorhexis 
of the correct size. In addition, it is the less expensive device that is currently on the 
market for this purpose.

We encountered some cases of lens dislocation after having performed too small 
anterior and posterior capsulorhexes. Positioning of the BIL in case of too small 
rhexes demands more pressure and manipulation, increasing the risk to push the 
lens into the vitreous cavity. One positive is that in the case of BIL diving, it can be 
repaired by simple vitrectomy. In case of dislocation of the BIL in the presence of 
too large a rhexis, repositioning is possible provided bean-shaped rings are used to 
sandwich the BIL. This technique is elaborated more in greater length in other chap-
ters of this book (Nils-Erik Boonstra and Sorcha Ní Dhubhghaill).

In the BIL-IOL technique, the design of the IOL and the sealing of the anterior 
and posterior capsule, at their merging point, confer a very strong adhesion. In case 
of trauma, the capsule can release the BIL into the anterior chamber (Fig. 20.1) or 
into the posterior chamber (Fig.  20.2), leaving the capsular bag intact. The seal 
around the lens makes it act like a release valve for the traumatic shockwave and 
generally leaves the zonulae undisturbed. This allows a unique opportunity and 
advantage to reposition the BIL very easily in its original location. The BIL can be 

20 IOL Dislocation and the Diving BIL
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Fig. 20.1 Anterior 
luxation of the BIL after 
blunt ocular trauma

Fig. 20.2 Dropped BIL in 
the posterior segment of 
the eye in a vitrectomized 
eye before the advent of 
the ring caliper

E. Bali et al.



195

repositioned into its original position under local anaesthesia. This technique gives 
by far less complications than putting a traditional posterior chamber IOL into the 
anterior chamber [13]. In cases of combined BIL and vitrectomy with gas insuffla-
tion, we tend to use the 89F model that has a larger anterior plate. This reduces the 
risk for iris incarceration and posterior dislocation (this technique is elaborated in 
greater length in the chapter by Tillman Eckert).
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21Preparing Pediatric Cataract Patients 
for BIL Cataract Surgery

L. Lytvynchuk, D. Kuhn, M. Sander, and B. Lorenz

21.1  Introduction

Pediatric lens disorders, despite being by and large treatable, remain one of the 
major causes of visual disability in children. When left untreated, they usually lead 
to the development of amblyopia or even blindness [1, 2]. In high-income countries, 
pediatric cataracts have become one of the most commonly avoidable causes of 
blindness in children [2]. The impact of visual impairment on children and on their 
quality of life, both socially and economically, is considered to be tremendous [3]. 
Each year nearly 0.5 million children develop blindness, which is caused by differ-
ent ocular and systemic diseases including lens disorders [4, 5]. It has been reported 
that over 200,000 children worldwide are blind from cataracts and that this rate is 
increasing among the already 1.4 million blind children in the world [4]. Global 
vision’s 2020 initiative included childhood blindness among priority eye diseases 
and established the Global Childhood Blindness Program [6]. That is why the ade-
quate and time-conscious management of pediatric lens disorders is essential.

There are two major groups of pediatric lens disorders: pediatric cataract and 
dislocation of the crystalline lens. Both entities usually require a complex treatment 
approach, including proper and early diagnosis, therapeutic treatment or surgical 
intervention, and visual and social rehabilitation. In this chapter, we will focus on 
the necessary preoperative considerations regarding pediatric cataract surgery.
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21.2  Epidemiology

The epidemiology of pediatric cataracts depends on various factors that should be 
assessed in each particular population group. The thorough analysis of the causes 
and overview of the rate of the pathology is important for establishing preventive 
methods and the best and most optimal approaches in treatment. The most impor-
tant factors that influence the epidemiology of pediatric cataract include economic 
development, the population’s cultural specifics, dietary conditions, and level of 
pediatric medical care [6, 7]. Prenatal rubella infection remains an important cause 
of pediatric cataract in many developing countries all over the world [6]. The preva-
lence of pediatric cataracts is increasing in some countries, as a result of the earlier 
detection of cataracts because of improved screening through the Vision 2020 pro-
gram [8].

21.3  Etiology

The etiology of pediatric cataract is determined by multiple pathophysiological fac-
tors [9–11]. It can be classified into hereditary, non-hereditary, and idiopathic types. 
The frequency of all three cataract types varies in different countries and population 
groups [9]. The results of a Danish Study published in 2004, which included 1027 
cases, showed that the most frequent type was an idiopathic form of cataract 
involved in 63% of cases [12]. The frequency of hereditary and non-hereditary pedi-
atric cataracts in this study was calculated as 29% and 8% of cases, respectively. 
Hereditary cataracts are related to gene mutations or familial inheritance. The most 
common mutations are observed in crystalline genes, membrane protein genes, and 
cytoskeletal protein genes [9, 13]. This type of cataract can also be related to faulty 
developmental regulation or other ocular or systemic abnormalities [14]. The non- 
hereditary pediatric cataracts are usually associated with various etiologies, such as 
metabolic disorders (diabetes, galactosemia, hypoglycemia, and galactokinase defi-
ciency), intrauterine infection (TORCH), ocular trauma, and radiation or iatrogenic 
causes [15, 16].

The diagnosis of idiopathic cataract can be established when the exact cause of 
the lens disorder cannot be detected. It is estimated that the majority of unilateral 
cataract cases, and nearly half of all bilateral cataract cases, have an idiopathic ori-
gin [7]. Additionally, pediatric cataracts can be defined by the age of onset as con-
genital (within 1  year of life) or juvenile cataract (within the first decade) [9]. 
Moreover, congenital cataract may be associated with one of the systemic syn-
dromes that affect the musculoskeletal system (Smith–Lemli–Opitz and Stickler, 
myotonic dystrophy) [17, 18], central nervous system (Marinesco–Sjögren, 
Zellweger), kidney (Lowe syndrome, Alport syndrome, and Hallerman–Streiff–
François syndrome) [19–21], or skin (Cockayne, incontinentia pigmenti, ichthyo-
sis) [22]. It has been reported by different authors that in between 8.3% and 25% of 
congenital cataracts have an inherited origin [23].
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21.4  Timing of Surgery

Visual outcomes following cataract surgery in children are strongly correlated with 
the period of visual deprivation caused by the opaque crystalline lens [24, 25]. Visual 
deprivation and its duration need to be considered in relation to the period of visual 
development during which the deprivation began. The concept of latent, plastic, and 
critical periods was introduced in order to define the age at which the development of 
the visual system is most vulnerable. Based on laboratory and clinical studies, it was 
established that the critical period can last from birth to 12 years [26]. It is also believed 
that there are different sensitive periods for each visual function [27]. Generally, the 
sensitive period of visual development remains most plastic until 2–3 years, with a 
gradual decrease of plasticity up until 9–12 years. Throughout the latent period, the 
visual deprivation causes little or no effect on visual potential. During the sensitive 
period, with decreased plasticity, the visual deprivation usually causes permanent and 
irreversible changes in the development of the affected eye’s visual function. It has 
been shown that in cases of congenital cataract, when the deprivation persists from 
birth, the latent period ends after 6 weeks of age [28–30]. In order to avoid significant 
anomalies of visual development, performing cataract surgery within 6 weeks is rec-
ommended. The same timing of surgery is employed for cases of unilateral congenital 
cataract [29, 31]. Hartmann et al. have reported on the results of a randomized multi-
center clinical trial for 114 infants (Infant Aphakia Treatment Study Group) based on 
the examinations performed at the age of 4.5 years with primary surgery aged between 
1 and 7 months. The authors concluded that early surgery is important to obtaining 
good visual outcomes in pediatric patients with unilateral infantile cataracts [32]. For 
bilateral cases, the optimal age for cataract removal is 8 weeks, given that surgery is 
performed after 10 weeks of age and results in a visual acuity of ≤20/100 [33]. Studies 
have shown a bilinear correlation of visual outcome and age at surgery in patients 
with bilateral congenital cataract, which was characterized by a progressive decrease in 
visual acuity with increasing age [34]. Additionally, attention has to be paid to the risks 
of local and general complications by pediatric patients of different ages [35].

It is reasonable to schedule the surgery at the earliest time of deprivation and, at 
the same time, within the plastic period of visual development, when the distorted 
visual functions still can be fully or partially repaired [9]. However, there is a higher 
risk of postoperative complications when the surgery is performed at a younger age 
[36]. Overall, the decision regarding the timing of the surgery has to be based on the 
clinical condition and the presence of significant visual deprivation.

21.5  Indications for Surgery

The indications for the surgery can differ in every particular case, but surgery is 
usually suggested in the following cases: complete lens opacifications, central 
opacifications (≥3 mm in diameter) that occlude the visual axis, and substantial 
visual deprivation associated with nystagmus or strabismus [37]. The development 
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of the visual functions in children is strongly correlated with the clarity of optical 
media. That is why early surgical intervention has to be considered. Conversely, a 
newborn’s eyes that have congenital cataracts are underdeveloped, and the ocular 
response to the surgery can lead to the development of postoperative complications. 
Determining the timing of the surgery, by taking all of the patient’s existing pecu-
liarities into account, is recommended.

21.6  IOL Selection

At present, the surgical treatment of pediatric cataracts with the implantation of an 
IOL is a widely accepted approach [7, 9, 11, 35]. However, IOL selection and power 
calculation in children are more challenging compared to adults. The fact that the 
anatomical parameters of the child’s eye are constantly changing (axial length, cor-
neal curvature and diameter, ciliary body, capsular bag) makes the prediction of 
postoperative refraction in different ages a very difficult task. Additionally, inaccu-
racies of biometrical parameters usually achieved in the operating room (misalign-
ment of the eye, deformation of the soft cornea, handheld diagnostic tools, etc.) can 
lead to errors in the IOL power calculations, which will definitely affect postopera-
tive refraction. The choice of IOL power usually depends on the surgeon’s tactics 
with regard to target refraction and methods to treat postoperative amblyopia. The 
standard formulas for IOL power calculation in adults have been used for children 
as well. The most frequently used formulas are those that require AL and corneal 
power (SRK-T, Hoffer Q, Haigis, Holladay). It has been shown by multiple studies 
that the prediction error after IOL implantation in children is higher than in adults 
by using the same formulas for IOL power calculation, ranging from 1.22 D to 1.64 
D [38–40]. The role of IOL implantation in the treatment of postoperative amblyo-
pia is not clear. However, the studies that showed no significant difference in visual 
functions between aphakic and pseudophakic eyes have analyzed the lens-in-the- 
bag technique or primary implantation of the IOL in the sulcus [32, 41]. Moreover, 
a complex of anisometropic changes (aniseikonia, anisophoria, anisometropia, age 
fluctuations, amblyopia treatment) have to be considered in cases of unilateral cata-
racts [10]. It has been shown that the myopic shift (myopisation) is larger after the 
implantation of an IOL with higher power comparing to a lowly powered IOL. At 
present, there are no clear data about the best strategy for postoperative target refrac-
tion in long-term follow-up; however, there are a number of recommendation tables 
regarding postoperative refraction.

21.7  Surgical Approach

Various surgical techniques are available that use different types of IOL to treat cata-
racts in children. The most common approach is to perform a posterior capsulorhexis 
in order to avoid the risk of posterior capsule reopacification (PCO). Additionally, the 
optic capture technique is used in order to prevent retrolental reopacification [42]. It 
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has been claimed that a sharp-edged lens-in-the-bag IOL prevents the migration of 
the lens epithelial cells, but the occurrence of PCO in long-term follow-up has also 
been reported [43]. PCO has been reported in up to 80% of eyes that have cataract 
extraction with IOL implantation, depending on the length of the follow-up [43, 44]. 
The bag-in-the-lens technique, first reported by Tassignon et al., has revolutionized 
the surgical approach and has decreased the rate of major postoperative complica-
tions [45]. The most important advantages of the BIL IOLs are that this technique 
facilitates the optimal centration of the optical part of the IOL and that correct 
implantation drastically minimizes the rate of visual axis reopacification (VAR). This 
is achieved through the special IOL design, where the rims of the posterior and ante-
rior capsulorhexis are captured inside the groove of the BIL IOL, thereby limiting the 
escape trajectory for posterior lens opacities [45].

21.8  Preoperative Assessment

The assessment of the visual functions in preoperative and postoperative periods in 
children remains challenging. There are a number of parameters that have to be 
studied. Apart from visual acuity, examining fixation, nystagmus (frequency, ampli-
tude, direction of the beat, waveform), eye alignment, and color vision has all been 
suggested. Furthermore, it is important to realize that visual function is not solely 
dependent on the ophthalmic status.

Almost every cataract surgery in children necessitates general anesthesia [46] 
(Fig. 21.1). With the development of modern surgical techniques, cataract surgery 
in children has become a relatively safe and quick technique. Congenital cataracts 
may be associated with various systemic syndromes, which can make it difficult to 
give a prognosis on the results of anesthesia. The impact of general anesthesia on 
neuro-ophthalmological pathways has not been profoundly studied, in spite of the 
fact that this could play a role in the postoperative visual outcomes.

21.9  The Role of General Anesthesia

There has been a growing debate on the topic of avoiding repeated general anesthe-
sia for elective surgery in children under the age of 2 years in recent years because 
of a possible link between anesthetics and neurobehavioral effects [47–49], which 
led to an FDA safety announcement in 2016 [50]. Remarkably safe general anesthe-
sia is administered to millions of pediatric patients worldwide every year. Since 
there is not enough information about the effects of anesthetic drugs on the brains 
of infants, nobody really knows whether the use of these medicines poses a risk or 
if the risk is significant enough to outweigh the benefits of the planned surgery. It is 
unlikely that the surgery itself has a detrimental effect on the neurobehavioral out-
come of children operated upon, given that pediatric lens surgery is considered 
“minimally invasive surgery” with very little surgical trauma. This is especially true 
if the ophthalmic surgery is of a short duration. Anesthetics are a necessary part of 
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the care of children needing any surgery or procedures. It should be noted that in 
animal studies almost all anesthetics have been found to cause injuries to the brain 
at some point. Therefore, specific medications or techniques can hardly be consid-
ered to be any safer or better than any others [51, 52].

For some children who have been scheduled for lens surgery, the ophthalmic 
problem is merely just one aspect of a systemic disease complex. The parents are 
usually best informed about the medical history of their children and can contribute 
thoroughly both to the preoperative evaluation and to the physical examination [53].

As mentioned previously, congenital cataract can be associated with a variety of 
systemic hereditary diseases, such as homocystinuria, Marfan syndrome, Down 
syndrome, etc. Despite cataract surgery being a “minimally invasive procedure,” the 
anamnesis has to include a full medical and surgical history [54]. Pneumonia, laryn-
gitis, and acute asthma are clear indications that surgery should be delayed by at 
least 4 weeks [55, 56].

General anesthesia presents severe risks in a very small number of children with 
severe comorbidity. Explaining the whole anesthetic procedure to the parents is 
mandatory, and this should include possible side effects and complications related 
to the anesthesia. Far more importantly, from the point of view of the children at 
least, are their concerns about pain induced by venipuncture, postoperative pain, 
and the discomfort caused by an eye patch (Fig. 21.2). All of those aspects should 
be addressed before asking for consent.

Fig. 21.1 Positioning of 
the pediatric patient
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21.10  Conclusion

In recent years, ophthalmic surgeons have widened the indication for planned lens 
surgery in infants under the age of 3 years. It is important to consider all factors 
related to the cataract thoroughly: the patient’s age, presence of other ocular or sys-
temic pathology, the different aspects of visual function, etc. It is unlikely that the 
surgery itself has a detrimental effect on the neurobehavioral outcome of operated 
children, given that pediatric lens surgery is considered a “minimally invasive sur-
gery” with very little surgical trauma. Unfortunately, this may not be true of the 
general anesthesia needed to perform this kind of surgery in neonates or infants. 
Based on review results in 2016, the FDA released a safety announcement warning 
that repeated use of general anesthetic and sedation drugs during surgeries in chil-
dren younger than 3 years may affect the development of children’s brains. Health-
care professionals, and anesthesiologists in particular, have to discuss those 
warnings with parents, thereby carefully balancing the benefits of appropriate anes-
thesia in young children against the potential risks. A comprehensive medical his-
tory, a laboratory, and an extended examination are important in young patients that 
suffer from complex syndromes.

Fig. 21.2 Postoperative 
eye shield
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21.11  Core Messages

• Adequate development of visual functions and optimal visual outcomes are the 
main goals of pediatric cataract surgery.

• The advantages of both, aphakia and pseudophakia, remain debatable.
• The impact of general anesthesia on neurobehavioral issues and visual outcomes 

is not well studied, so care should be taken to limit general anesthesia to the 
minimum needed.

• The bag-in-the-lens technique allows for the minimization of the rate of visual 
axis reopacification after cataract surgery.

• The preferable method of IOL calculation and the long-term visual outcomes 
have to be studied further.
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22Visual Outcomes and Complications 
After BIL in the Paediatric Population

L. Lytvynchuk and B. Lorenz

22.1  Visual Outcomes

Testing and interpreting children’s visual function remains challenging. The results 
of various visual tests depend, first and foremost, on the patient’s age and attention, 
time of examination, examiner’s experience, etc. [1]. The postoperative visual out-
comes after cataract surgery in children depend on the age of onset, associated ocu-
lar and/or systemic pathology, timing of the surgery, surgical technique and target 
refraction; these can all be influenced by a variety of systemic and local complica-
tions. Independently, the efficacy of postoperative visual rehabilitation will be 
greatly influential on the long-term results.

Postoperative visual outcomes are greatly determined by the target refraction of 
the eye treated and the power of the IOL implanted. However, it is not clear yet how 
to achieve this in an exact way in a paediatric population. Axial length (AL) and kera-
tometry measurements are usually performed under general anaesthesia using hand-
held devices in infants and toddlers or in disabled children. Different formulas for the 
calculation of IOL power are currently used, even though the accuracy of IOL power 
calculation in children younger than 36 months remains questionable [2, 3].

The most common complications that affect visual function include posterior cap-
sule opacities (PCO), secondary glaucoma, loss of anterior vitreous and cystoid mac-
ular oedema [4]. PCO, with excessive retrolental cellular proliferation, remains the 
main concern for the postoperative clarity of the visual axis and for visual recovery. 
Intraoperative capsulorhexis has become a standard step in paediatric cataract sur-
gery, one that significantly reduces the rate of PCO. However, a partial or complete 
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closure of the posterior capsule occurs in up to 40% of cases, thereby leading to a 
decrease of visual axis clarity, as well as to decreased visual function [5–9].

The use of the bag-in-the-lens technique in paediatric cataract cases allows for 
the visual axis to remain free of secondary opacification and for the optimal optic 
condition for the development of visual functions (Fig. 22.1). The correct placement 
of the BIL IOL facilitates good centration and the stability of the IOL in the poste-
rior chamber, both of which are major factors in the achievement of optimal refrac-
tive results. The BIL IOL implantation technique was first performed in adults and 
has demonstrated both a high success rate and a low frequency of postoperative 
posterior capsular opacities (PCO) [10, 11].

The bag-in-the-lens technique necessitates a learning curve, with little or no 
additional consumption of time if performed by an experienced surgeon. An addi-
tional transcorneal or pars plana vitrectomy can sometimes be needed in paediatric 
cataract cases. This can be necessary due to the prolapse of the vitreous body, pres-
ence of persistent fetal vasculature (PFV) or abnormalities of the anterior vitreo- 
lenticular interface.

Currently, there are limited data available regarding postoperative short-term and 
long-term visual outcomes after cataract surgery in children using the BIL tech-
nique, but it is increasingly used throughout the world. The authors believe that the 
analysis of visual functions has to be performed in single age groups, given that the 
causes of cataract and progression of postoperative development of visual functions 
differ.

22.1.1  Postoperative Visual Rehabilitation

The development of the visual system starts in the postnatal period and continues up 
into one’s teenage years. The presence of sufficient external stimuli after birth is 
critical for future visual acuity and binocular vision, as well as to the adequate 
growth of visual pathways and the optical system. The treatment of paediatric cata-
racts can be divided into two stages. The first stage involves the surgical removal of 

Fig. 22.1 Postoperative 
image of a BIL IOL 
implanted at age 7 years
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the cataract, with IOL implantation in the case of the BIL technique. The second 
stage of treatment involves the correction of the remaining refractive error and the 
treatment of amblyopia.

Correction of Residual Refractive Error All paediatric patients, who have under-
gone uneventful cataract surgery, have to start postoperative visual rehabilitation, 
ideally within a few days after the surgery. The normal growth of the eye is charac-
terized by an increase in axial length and decrease of the corneal curvature; the 
reason why is that refraction will evolve from hypermetropia to emmetropia or even 
myopia over time. This is why the IOL is calculated to achieve postoperative hyper-
metropia in infants and toddlers. However, the unfocused light is not enough to 
provide an optimal stimulus to the retina, which is essential for the visual function’s 
early development. The early postoperative correction of the residual refractive 
error is, therefore, strongly recommended in infants and toddlers for near distance.

The timing of the surgical intervention in paediatric cataract patients and the 
start of amblyopia treatment including the correction of the residual refractive error 
are crucial with regard to the sensitive and critical period of visual development in 
children. This is especially so in cases of congenital cataract.

Residual refractive errors are corrected with glasses or contact lenses (CL), but 
both kinds of correction can fail due to insufficient compliance. Correction with 
glasses is usually prescribed in cases of binocular cataract or in children who can-
not tolerate contact lenses. Modern paediatric glasses are relatively safe and the 
lenses can be replaced easily if damaged. The possibility of bifocal lenses is one 
of the advantages of glasses. However, there are some disadvantages related to 
correction with glasses. Stable fixation of the glasses is difficult in patients under 
1 year due to the relative weight of the glasses and to difficulties in keeping the 
frame in place on the child’s nose bridge and ears, although very satisfactory 
frames have become available in recent years. The possible influence of spherical 
and colour aberrations of the glasses on a child’s visual system has to be consid-
ered as well, although this has not been well-studied in the paediatric population. 
Moreover, the difference in magnification, which cannot be predicted precisely, 
can cause aniseikonia and impact the fusion of the visual inputs, which is crucial 
for the development and maintenance of binocular vision. The small square of the 
lenses in the glasses and its frame make the visual fields smaller and impair the 
focus on the paracentral and peripheral retina.

In contrast, CL eliminate the risk for aniseikonia, due to their firm contact with the 
cornea and absence of magnification or reduction of visual input size. The use of CL 
markedly reduces the inconveniences related to the use of glasses, such as the limita-
tion of activity, discomfort to the ears and nose and the risk of damaging with conse-
quent eye injury. Additionally, corneal astigmatism can be corrected more efficiently 
with the use of CL that have to be of a rigid type in the case of astigmatism. Children 
cannot usually express the early complaints caused by contact lenses. Therefore, 
attention has to be paid to possible complications related to CL, such as corneal 
inflammation, local allergic reactions, corneal trauma due to damaged CL, dry eye 
and corneal hypoxia. It is recommended to avoid anisometropia, given that an 
interocular difference in refraction of more than 2.0 D can lead to the development of 
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amblyopia. The power of the CL prescribed depends on the patient’s age and the 
preferred distance to be corrected. In patients under 1 year, the near vision is more 
important; therefore, an overcorrection ranging from 2.0 D to 3.5 D is recommended. 
The need for overcorrection decreases with age, and emmetropia is recommended at 
the age of about 4, together with bifocals or even progressive lenses.

In our practice, children under 1 year are corrected for near vision. Optical cor-
rection should be provided for both, near and distance, in children over 2 years old.

Correction with bifocal glasses is strongly recommended in children aged 
2–6 years old who have undergone bilateral cataract surgery. The prescription of 
progressive glasses can be considered in children older than 6 years.

Treatment of Amblyopia In spite of the low rate of intra- and postoperative compli-
cations after BIL technique, all paediatric patients remain at risk for the develop-
ment or persistence of amblyopia, which is the most frequent cause of monocular 
visual impairment in children with an incidence rate of 2–5%. The importance of 
amblyopia treatment is supported by data revealing that acquired ocular pathology, 
such as inflammatory diseases or ocular trauma, is more likely to occur on the fel-
low eye. After the paediatric cataract has been removed, some possible causes of 
amblyopia can still remain. Suppression, inadequate motility of the eye, reduced 
fixation, aniseikonia, anisometropia and strabismus are possible factors leading to 
the development and exacerbation of amblyopia. Therefore, the treatment of ambly-
opia has to be started as soon as possible.

Occlusion is one of the most effective approaches to treating amblyopia. It allows 
one to diminish the dominance of the better eye and for a decrease in suppression of 
the amblyopic eye. The occlusion regime is prescribed individually and depends on 
multiple factors, such as age, presence of strabismus, pre- and postoperative vision 
in both the dominant and the non-dominant eye or the degree of suppression. 
Occlusion of the leading eye in patients up to 1 year of age can be necessary during 
half of their waking time.

Moreover, strabismus surgery may be necessary to allow for the development or 
restoration of binocular vision, which is essential for visual outcomes.

22.1.2  Short-Term Visual Outcomes (0–1 Year)

In 2007, Tassignon et al. first reported the results of a multicentre study on BIL IOL 
implantation in 32 eyes of 22 paediatric patients with a mean age of 6 years and 
2 months (range 2 months to 14 years) [12]. IOL power was calculated prior to the 
surgery. The mean postoperative follow-up period was 17.45 months (range 4.0–
68.8 months). The target refraction was +6.0 D in patients younger than 1 year, +4.0 
D between 1 and 2 years, and emmetropia in children over 2. The mean spherical 
equivalent of postoperative refraction was −0.10 D (range −4.50 to +5.00 D). A 
clear visual axis was documented in the postoperative period by using imaging.

We conducted a retrospective, non-randomized study of 85 eyes from 56 patients 
who underwent cataract surgery with BIL IOL implantation via corneal incision 
(B. Lorenz et al., Giessen Pediatric Cataract Study Group, unpublished data). The 
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patients were divided into four age groups, because we were convinced that there 
was a strong correlation between the preoperative age-specific condition of the eye 
and postoperative anatomical and functional results, which can influence the timing 
of the operation and application of the optimal surgical and therapeutic approach in 
the future. The distribution into age groups was as follows: 1st group, 0–younger 
than 3 months; 2nd group, 3 to 12 months; 3rd group, older than 12–36 months; and 
4th group, older than 36 months to 17 years old. Unilateral cataracts were diagnosed 
in 24 cases (42.9%) and bilateral cataracts in 32 cases (57.1%). In three cases of 
bilateral cataract, only one eye was operated with the BIL technique.

The selected target refraction in cases of unilateral cataract was chosen by taking 
the refraction of the contralateral eye and the age at surgery into consideration. The 
highest dioptre power of the BIL IOL available in our operating facility was +34.5 D.

A clear visual axis was documented in all cases in the early postoperative period 
in our cohort (Fig. 22.1). The entire group’s mean early postoperative refraction was 
+3.33 dioptres. However, it the different age groups and decreased gradually with 
age towards emmetropia from +9.76 D in the 1st age group to +0.39 D in 4th age 
group. The mean postoperative best corrected visual acuity (BCVA) in each group 
increased with age. The improvement of BCVA was significantly higher in older 
patients. Tromans et al. reported that the prediction error, meaning the difference 
between preoperative target refraction and postoperative achieved refraction, 
depended on axial length, corneal size and age at the time of surgery after lens-in-
the-bag implantation [2]. Their results showed that the postoperative prediction 
error was larger in patients younger than 36 months of age and in patients with an 
AL of less than 20 mm.

We analysed the prediction error in four different age groups: according to age, 
axial length and corneal curvature. The prediction error in the different age groups 
decreased gradually from +3.43 D in the 1st group to +1.06 D in the 4th group (pre-
liminary data) (Fig. 22.2). Our results correlate with previously reported data using 
the lens-in-the-bag technique and demonstrate an evident gradual decrease in pre-
diction error with age at surgery. Similarly, we noticed a larger prediction error in 
eyes with shorter axial length and smaller corneal radius. This indicates that the 
standard formulas can be used with relative precision only in older paediatric 
patients, and new modified formulas have to be considered.

In our cohort, we analysed ten eyes of eight patients who had preoperative and 
postoperative astigmatism measurements to evaluate the significance of the main 
corneal incision’s site 2.4 mm wide with respect to astigmatism changes. The mean 
preoperative astigmatism was −2.35 D (range −0.37 D to −8.00 D) with a mean 
axis of 36.5° (range 166° to 2°). Nine out of ten eyes had a temporal tunnel incision; 
one surgery was performed with a superior tunnel. The mean postoperative astigma-
tism was −1.55 D (range −0.5 D to −5.75 D) with a mean axis of 64.5° (range 180° 
to 4°). Nyström et al. reported the implantation of BIL IOL via a sclerocorneal inci-
sion. However, our data suggest that clear corneal or limbocorneal incision 2.4 mm 
wide does not induce a significant postoperative astigmatism once the resorbable 
sutures are gone.

The placement of both capsulorhexes into the optic groove facilitates the firm 
positioning of the BIL IOL with the possibility to implant toric IOLs in eyes with 
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preexisting corneal astigmatism (see Chap. 11). However, there is a lack of data 
about the use of toric BIL IOL in children. In our study, we implanted the toric BIL 
IOL in both eyes of one patient. During the short-term follow-up (4 months), the 
position of the IOL remained stable, which was confirmed with autorefractometry.

22.1.3  Long-Term Visual Outcomes

In 2015, Van Looveren et al. reported the first long-term results of BIL IOL implan-
tation during a 5-year follow-up period in 46 eyes of 31 children [13]. In their study, 
the authors enrolled patients aged 2 months to 14 years with various types of paedi-
atric cataracts (including spherophakia and persistent foetal vasculature (PFV)). 
IOL calculations were based on the SRK/T formula using data from preoperative 
examinations performed under general anaesthesia. The target refraction in patients 
<3 months of age was +3.0 dioptres (D), 3–6 months, +2.0 D; and >6–9 months, 
+1.0 D. In patients older than 9 months, the target refraction was emmetropia. In 
cases with unilateral cataract, the target refraction was guided by the refraction of 
the contralateral eye. IOL power was available up to +39.0 D. The postoperative 
refraction ranged from −2.0 D to +2.0 D in 52% of cases. The refraction of the 
majority of cases tended to mild myopia with the highest result being −6.0 D. In 15 
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cases (30 eyes) of bilateral cataract, in which it was possible to determine preopera-
tive visual acuity, the mean corrected distance visual acuity (CDVA) improved from 
0.2 decimal preoperatively (range 0.0–0.4) to postoperative 0.83 decimal (range 
0.2–1.0). In cases with unilateral cataract (16 children), the mean CDVA improved 
from 0.07 decimal (range 0.0 to 0.4) to postoperative 0.27 decimal (range 0.0–0.7) 
showing that maximum visual rehabilitation is more difficult to obtain in unilateral 
cases. The authors reported that the visual axis remained clear over the period of 
5 years in 91.3% of the cases examined. Among the very few complications encoun-
tered, reopacifications occurred in four eyes of three children due to the inadequate 
placement of the posterior capsule into the IOL. These cases all required additional 
surgical intervention. Among the patients aged less than 6 months at the time of 
surgery (eight eyes of five patients), three eyes had no complication. The most com-
mon complications were reopacification of the visual axis and anterior synechia. 
The mean postoperative CDVA in patients younger than 6 months was 0.32 (deci-
mal). The authors noted that reopacification, secondary glaucoma and inflammatory 
response were the main causes of a decrease of visual acuity in the long term. 
However, the rate of these complications was relatively low.

We analysed the long-term follow-up by the Giessen Pediatric Cataract Study 
Group (Lorenz et al., unpublished data). In our cohort of BIL IOL implantation, the 
longest follow-up period in the entire group of 56 patients (85 eyes) was 7 years. 
The mean postoperative follow-up was 16.2 months. A clear visual axis was docu-
mented in 94.1% of cases. In two cases (two eyes from the same patient), the visual 
axis was opaque due to postoperative uveal inflammation with opacification of the 
cornea and vitreous body. In the remaining cases, the cause of the opacification was 
retrolental proliferation as a result of inadequate position of the posterior capsu-
lorhexis or insufficient separation of the posterior capsule from the anterior vitreous 
surface; this was treated surgically. The improvement of visual functions correlated 
with preoperative visual functions, ocular comorbidity, the compliance to amblyo-
pia treatment and postoperative complications. In uncomplicated cases, a gradual 
increase in visual functions was noticed during the first 12 months after the surgery. 
Visual acuity continued to progress up until 72 months of follow-up.

Recently, Nyström et al. published their results in a series of 109 eyes of 84 chil-
dren aged between 2 weeks and 14.1 years at the time of surgery. They found a clear 
visual axis in 95.4% of patients, over a mean follow-up of 2.8 years. Visual recovery 
was significantly better in children with bilateral cataracts as compared to unilateral 
cataracts. About 55.6% of eyes attained a CDVA of ≥0.5 decimal in the bilateral 
cataract group, as opposed to 37.5% in the unilateral cataract group [14].

As paediatric cataract is a relatively rare disease, paediatric patients are usually 
admitted to special eye departments where they undergo cataract surgery. Patients 
frequently travel hundreds of kilometres in order to obtain surgical care. After the 
treatment, a large contingent of the patients are followed up by local ophthalmolo-
gists in their native city or country, which makes it difficult to gather complete data 
on long-term results. The registration of the paediatric cases using a telemedicine 
approach should be considered.
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22.2  Complications of the BIL IOL Technique

The visual outcomes following paediatric cataract surgery with the BIL technique 
are strongly related to surgical complications that can happen either during the 
surgery or in the postoperative period. Intra- and postoperative problems are typi-
cal to all kinds of cataract surgery with or without the implantation of intraocular 
lenses and in all age groups. It has been shown that the concept of BIL technique 
allows for the number of postoperative complications to decrease, such as PCO or 
macular oedema. Some of the complications occur because of intraoperative 
manipulations, while other complications are related to the anatomical and physi-
ological characteristics of the developing paediatric eye. Among them are the 
small size of the anterior chamber, underdevelopment of the anterior chamber 
angle, short axial length, more active tissue response on surgical intervention and 
more.

In the following section, we describe paediatric cataract surgery’s most impor-
tant complications in general but more specifically with regard to the BIL 
technique.

22.2.1  Intraoperative Complications and Their Management

The operating field in neonates is characterized by a lack of space during any intra-
ocular surgery. The reason for this is a small interpalpebral fissure and the relatively 
big ratio between the size of the cornea and sclera compared to the adult eye. We 
recommend a temporal approach in every case in order to reduce the difficulties 
encountered during surgery, thereby avoiding potential intrasurgical complications.

Congenital cataract can frequently be associated with microphthalmia and/or 
with eyelid malformation. If necessary, a canthotomy can be performed at the begin-
ning of the surgery using Westcott scissors to make a single cut of 3–5 mm length. 

Fig. 22.3 Closure of the 
temporal limbo-corneal 
incision with 10.0 Vicryl 
suture (age at the time of 
surgery 7.6 years)
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Even a small canthotomy will provide an adequate area in which to perform the 
intervention. The site of the cut does not usually bleed. At the end of the surgery, the 
canthotomy has to be closed using two to three absorbable single sutures. The site 
of canthotomy usually heals without any significant cosmetic defect.

Subconjunctival haemorrhages can occur during surgery. Bleeding from con-
junctival or episcleral superficial vessels is usually limited due to the incomplete 
development of the vasculature in an infant’s eye. The presence of this relatively 
minor complication can lead to major problems in the postoperative period. 
Perilimbal subconjunctival bleeding with elevation of the conjunctiva can impact 
the closure of the entry wound, even if it has been sutured. Continuous bleeding can 
cause the leakage of the blood into the anterior chamber when the wound margins 
are not very tight. Suturing of the operating wounds is strongly advocated as cata-
ract incisions in children are rarely self-sealing (Fig. 22.3). Additionally, a subcon-
junctival haemorrhage can serve as a medium for bacterial growth. Massive and 
continuous conjunctival bleeding should be stopped using diathermy. A subcon-
junctival haemorrhage can be an issue by which the parents of the patient judge the 
surgery’s success. This is why it is important in such cases to show the unpatched 
eye after the surgery to the parents and explain the natural course of the healing 
process.

Surgical Trauma of the Cornea Like in every cataract surgery, complications 
related to wound construction can occur when performing the BIL technique 
(Fig. 22.4). It should be borne in mind that the incisions will not self-seal at the end 
of the surgery in a child’s eye, even if hydrated, due to the thin cornea, low rigidity 
of cornea and sclera and the softness of the eye. The clear corneal, limbocorneal or 
sclerocorneal incisions have to be performed in a three-step manner. We perform an 
initial limbocorneal incision 2.2 mm wide, and we extend it to 2.4 mm just before 
the implantation of the BIL IOL. If the incision tears, it will influence the surgery 
flow, and the incision has to be sutured immediately, and a new incision should be 
made elsewhere if necessary. We use 23- and 25-gauge MVR blades to create the 

Fig. 22.4 Corneal damage 
after pediatric cataract 
surgery (age at the time of 
surgery 6 months)
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paracenteses, as this is sufficient for the use of micro-instruments, and the risks of 
postoperative wound leak are, therefore, reduced.

Improper wound construction can facilitate iris prolapse and result in postopera-
tive pupillary defects, as well as uveal reaction. Therefore, the length of the inci-
sions ought to be long enough to prevent prolapse of the iris. Iris prolapse has to be 
treated with iris reposition, and an alternative wound creation should be considered. 
All incisions should be sutured and tested for leakage at the end of surgery 
(Fig. 22.3).

Small Pupil and Iris Maldevelopment Adequate mydriasis is essential for any cata-
ract surgery, especially during the implantation of a BIL IOL. The diameter of the 
optical part of the BIL IOL (type 89A) is 5 mm, and the total diameter is 7.5 mm. 
The minimal pupil size has to be 5.5–6.5 mm in diameter in order to visualize the 
capsulorhexes and the edges of the IOL during implantation. To achieve sufficient 
mydriasis, additional intracameral injection of diluted mydriatics (adrenalin) can be 
necessary. However, this step has to be discussed with the anaesthesiologist due to 
possible cardiovascular reaction even on a low concentration of mydriatics.

Different iris retracting devices can also be used in order to reach a stable size of 
the pupil during the whole surgery. Temporary implantation of iris retractors can be 
considered, which will necessitate four to six additional paracenteses. An MVR 
blade is preferred over a 27-gauge needle for this purpose, because a needle creates 
a round-shaped incision with poorer adaptation of the opening, as opposed to the slit 
incision of a blade. The iris retractors can damage the pigment of the pupillary mar-
gin, due to the small contact surface and relatively strong retraction. This can lead 
to an irregular pupil after the surgery and to the dispersion of pigmented cells within 
the anterior chamber and onto the IOL surface.

Alternatively, iris retracting devices such as the Visitec® I-Ring® Pupil Expander 
(Beaver-Visitec International, Inc., Waltham, MA, USA), the Malyugin Ring 2.0 
(MicroSurgical Technology, Redmond, WA, USA) or similar iris expanders can be 
used. However, the use of iris expanders is limited in younger children because of 
the small size of their eyes. We recommend using the iris expanders only in eyes 
with a corneal diameter of over 10 mm.

Maldevelopment of the iris is not a contraindication for BIL IOL implantation. 
In case of iris coloboma or aniridia, the visualization of the capsular bag and retro-
lental space is improved (Fig. 22.5). It can help during the implantation of the BIL 
IOL and avoid possible side effects of intracameral miotics. Nonetheless, partial or 
complete absence of the iris can influence the postoperative visual function and 
cause increased light sensitivity.

Capsulorhexis-Related Complications The creation of an anterior and posterior 
continuous curvilinear capsulorhexis (ACCC and PCCC) is essential for the suc-
cessful implantation of a BIL IOL. The capsular anatomy is different in paediatric 
patients than it is in adults. The vastly increased elasticity of the capsular bag, a 
more anterior insertion of the zonulae and a higher vitreous pressure make both the 
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Fig. 22.5 BIL IOL 
implanted in the eye  
with coloboma of the iris 
(age at the time of surgery 
12 months)

anterior and the posterior capsulorhexes less predictable and reproducible in chil-
dren [13, 14]. These circumstances increase the risk of capsulorhexis-related com-
plications. Understanding of the capsules’ behaviour can be gained through building 
up own experience.

Radial tearing of the anterior capsulorhexis may not only complicate a planned 
BIL IOL implantation but can also lead to more severe complications, such as rup-
ture of the posterior capsule and vitreous prolapse. In case of an extended anterior 
capsular tear, the use of a BIL IOL has to be reconsidered. However, the BIL IOL 
can be gently implanted when only a limited tear of the anterior or posterior capsu-
lorhexis has occurred. The implantation of a BIL IOL Type 89F with larger optic 
and extended anterior haptic element that can cover a capsular defect should be 
considered in the case of limited capsular rupture in older paediatric patients.

Adequately filling the anterior chamber with ophthalmic viscoelastic device 
(OVD) is recommended in order to avoid the tearing of the anterior capsulorhexis. 
The flap of the capsulorhexis has to be inverted backwards and pulled towards the 
centre of the pupil or directed even a little bit in the opposite direction of the rhexis. 
In case of the extension of the capsulorhexis, anterior chamber scissors or vitreoreti-
nal small gauge scissors can be used to direct and correct the extension of the 
capsulorhexis.

The size of the capsulorhexis has to be somewhat smaller to the targeted size. In 
our experience, the anterior capsulorhexis is more predictable with the smaller cal-
liper ring #4 (4.3 mm), while the rhexis is still big enough to implant the BIL IOL 
without overstretching both the anterior and posterior capsulorhexes.

Zonular dehiscence can be a sign of the maldevelopment of the zonular apparatus 
or ocular trauma and can sometimes be diagnosed only during surgery. A capsular 
tension ring can be used in cases of limited zonular dialysis. Tassignon et al. reported 
the use of bean-shaped rings (Morcher GmbH, Stuttgart, Germany), the additional 
supporting elements produced by PMMA, that can stabilize and centre the BIL IOL 
[15]. These can also be considered in case of sectorial zonular dehiscence.
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Incomplete Separation of the Anterior Vitreous and Vitreous Prolapse The separa-
tion of the anterior hyaloid from the posterior capsule is an important step in the 
surgery. As initially described by Tassignon et al., the main goal of injecting hyal-
uronic acid through the incision in the posterior capsule is to push the anterior 
hyaloid posteriorly and displace the posterior capsule forwards so that it will reach 
the anterior capsulorhexis [10]. Another important issue of this manoeuvre is to 
make the posterior capsule, as well as the edge of the future posterior capsu-
lorhexis, free of vitreous adhesions in order to perform the placement of both cap-
sulorhexes into the BIL IOL groove without difficulties. To avoid complications, 
the injection of the OVD between the posterior capsule and the anterior vitreous 
should be done gently while directing the injection flow towards the periphery of 
the capsular bag, but not into the vitreous cavity. In children with cataract, there is 
an increased incidence of anomalous anatomy of the vitreo-lenticular interface. 
This can make the separation of anterior hyaloid from the posterior capsule more 
difficult. In cases where it is impossible to perform an adequate separation, a par-
tial vitrectomy may help to free the posterior capsulorhexis from strongly adhesive 
vitreous.

An incomplete separation of the anterior vitreous from the posterior capsule 
can cause a vitreous prolapse. In this case, the prolapsed vitreous has to be 
removed from the anterior and posterior chamber with an anterior vitrectomy 
before positioning the BIL implant. An injection of a small amount of triamcino-
lone acetonide can help to detect the prolapsed vitreous. We experienced a vitre-
ous prolapse in 14.1% of cases of our paediatric patients (12 eyes). The most 
frequent causes of vitreous prolapse were the presence of remaining fetal vascu-
lature and fibrosis of the posterior capsule and posterior capsular tear. In all 12 
cases, a limited anterior vitrectomy was performed and the BIL IOL was success-
fully implanted.

22.2.2  Postoperative Complications and Their Management

Corneal oedema appears to be one of the most common complications but is usually 
transient. The surgery itself, as it is performed within the very small space of the 
anterior and posterior chamber of the child’s eye, is the most frequent cause of cor-
neal oedema. Additionally, postoperative inflammation, as well as ocular hyperten-
sion, can lead to dysfunction of the endothelial cells and swelling of the stroma. An 
incidence rate of 35% temporary corneal oedema has been reported in paediatric 
cataract surgery. However, as a rule, it resolves spontaneously within 3–5 days with-
out treatment.

Deformation of the Pupil and Capture of the Iris Postoperative inflammatory reac-
tion as well as intrasurgical trauma to the iris can lead to formation of anterior 
synechia and deformation of the pupil (Fig. 22.6). Surgical reconstruction of the 
pupil has to be considered in the early postoperative period in order to prevent iris 
atrophy, corneal opacification and increased light sensitivity.
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Spontaneous constriction of a previously dilated pupil can lead to iris capture 
into the groove of BIL IOL in the postoperative period (Fig. 22.7). In our patients, 
we noticed that an injection of air into the anterior chamber at the end of the surgery 
can lead to iris capture as well. To prevent an iris capture, intraoperative pupillary 
constriction using a miotic agent for intraocular use (such as acetylcholine or carba-
chol) is recommended after correct placement of the BIL IOL. In the early postop-
erative period, instillation of pilocarpine 1% should be considered in patients with 
exceptionally large pupils.

Longstanding and untreated capture of the iris can result in synechiae which can 
lead to degenerative and ischemic changes of the pupillary rim. This will result in 
an irregular pupil with reduced constriction ability. Freshly diagnosed cases of iris 
capture can sometimes be treated with topical mydriatics, enabling the iris to escape 
from the groove of the implant. An additional surgical intervention is preferable 
when synechiae are already present. This will then consist of the injection of OVD, 
release of iris capture and injection of a miotic agent in the anterior chamber.

Fig. 22.6 Deformation of 
the iris after BIL IOL 
implantation with anterior 
synechia connected to the 
sites of paracentesis (age
at the time of surgery 3.8 
months)

a b

Fig. 22.7 Circular iriscapture in early postoperative period after implantation BIL IOL Type 89A 
(a). Surgical reposition of the iris in the same patient (b) (age at the time of surgery 2.7 years)
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Dislocation of the BIL IOL The main causes of IOL dislocation are an incorrect 
placement of the capsular bag into the groove of the IOL, an oversized capsulorhexis 
(>5.3 mm), shallow anterior chamber after the surgery and ocular trauma.

In our series of cases, we documented only one case of IOL dislocation into the 
vitreous cavity, in spite of the calliper ring being used to facilitate the anterior cap-
sulorhexis (Fig. 22.8). In this case, after vitreous removal, the IOL was explanted 
through the corneal incision, and a three-piece posterior chamber IOL was implanted 
into the sulcus with capsular support. We did not record any cases of dislocation of 
the BIL IOL into the anterior chamber.

Decentration of the BIL IOL Optimal centration of the central optical zone of the 
BIL IOL is necessary to achieve the best corrected visual acuity after surgery. The 
centration of the BIL IOL depends on the centration of anterior and posterior cap-
sulorhexes. IOL decentration is, therefore, related primarily to complications con-
cerning the capsulorhexis. Furthermore, fibrosis of the capsular bag with retrolental 
vitreous proliferation and improper separation of the anterior vitreous from the pos-
terior capsule may play a role in complicated cases.

The careful positioning and creation of both anterior and posterior capsu-
lorhexes are essential to obtaining a good position for the IOL (see Chaps. 7 and 
8). Verbruggen et al. have studied BIL IOL centration in adult patients. The decen-
tration of BIL IOL was less when compared to other study results that evaluated 
lens- in- the-bag IOLs [16]. The authors concluded that the fibrotic changes of the 
capsular bag have no significant effect on BIL IOL centration in the postoperative 
period.

Ocular Hypotony According to the American Academy of Ophthalmology (AAO), 
a decrease of intraocular pressure below the normal limit (<10 mm Hg) is classified 
as postoperative ocular hypotony (in adults).

Fig. 22.8 Dislocation of 
BIL IOL into the vitreous 
cavity due to inadequate size 
of capsulorhexis (age at the 
time of surgery 3.8 months)
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The most common cause of postoperative hypotony is the leakage of aqueous 
humour through one or more incisions. Additionally, hypotony can appear as a 
result of postoperative uveitis, cyclodialysis or retinal detachment. The flattening of 
the anterior chamber is the most frequent sign of postoperative hypotony.

Biomicroscopy with a cobalt filter and the instillation of 1–2 drops of 2% fluo-
rescein (Seidel test) are usually performed in order to detect the site of the leakage. 
Careful examination of the wounds has to be performed 24–48 h after the primary 
surgery. Additional closure using 10.0 Vicryl or Prolene is recommended in case of 
postoperative leakage through a wound. Ultrasound examination has to be per-
formed in order to exclude cyclodialysis or retinal detachment. Chronic uveitis can 
also cause ocular hypotony in the late postoperative period.

Ocular Hypertension Glaucoma-related adverse events are common in paediatric 
cataract surgery. The risk of glaucoma persists in spite of the improvement in surgi-
cal techniques, but the implantation of an IOL does not increase the rate of postop-
erative ocular hypertension. It has been reported that glaucoma-related complications 
appear more frequently in younger patients within the first year of follow-up, espe-
cially when the surgery is performed during the first weeks of life. Ocular hyperten-
sion is also more likely to develop in patients with bilateral cataracts. A longer 
follow-up of these children may further characterize risk factors and long-term 
outcomes.

The implantation of the BIL IOL creates no additional risks of postoperative 
ocular hypertension in paediatric patients. However, the haptic of the BIL IOL in 
eyes with microphthalmia may lead to contact with underdeveloped structures of 
the anterior chamber angle. Tassignon et al. reported two cases of ocular hyperten-
sion in their case series [12]. Both cases were reported to suffer from additional 
anterior segment dysgenesis. Medical treatment was applied in one case, while a 
surgical procedure was needed in the other. In the same centre, Van Looveren et al. 
reported one case of glaucoma in their series with a 5-year follow-up [13]. Nyström 
et al. reported glaucoma in 13.8% percent of eyes, in line with other recent reports 
in paediatric cataract surgery [14]. In this study, a postoperative IOP higher than 
22 mmHg was considered as glaucoma.

We analysed the postoperative glaucoma-associated adverse events in different 
age groups (Giessen Pediatric Cataract Study Group). An intraocular eye pressure 
above 18 mmHg, measured with applanation tonometry, was considered to be ocu-
lar hypertension. The highest rate of increased IOP (33.3%) was seen in the young-
est group of patients where the surgery was performed before 3 months of age. The 
rates of ocular hypertension in older groups were as follows: 6.3% between 3 and 
12 months, 23.5% above 12 months to 36 months, and 16.1% over 36 months. In the 
entire group (85 eyes of 56 patients), the rate of ocular hypertension after the sur-
gery was 18.8% (16 eyes) (B. Lorenz et al., unpublished data). A topical medica-
tions or surgical intervention were needed to control IOP in 16.5% of cases in entire 
group (14 eyes).

As a first-choice medication, carbonic anhydrase inhibitors or topical beta- 
blockers are advocated. When medical treatment is insufficient, surgical treatment 
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can become necessary. Glaucoma-related adverse events can occur years after the 
cataract surgery; therefore, strict follow-up with regular IOP measurements is 
highly recommended.

The method to measure IOP in children has to be considered as well as age- 
related features of the ocular tissues. We recommend using Goldmann or Perkins 
applanation tonometry and comparing the values with those from an iCare tonom-
eter. In many cases of paediatric cataract, an efficient applanation tonometry is only 
possible under general anaesthesia. Lowering of the IOP, due to medications used 
for general anaesthesia, has to be taken into account while assessing the IOP 
values.

Postoperative glaucoma-associated adverse events should be expected in eyes 
with abnormalities of the anterior chamber angle prior to surgery. While the patients 
are in narcosis, we perform a contact gonioscopy using a RetCam II (Clarity Medical 
Systems, Pleasanton, CA, USA) in each case. Discovering an abnormal develop-
ment of the anterior chamber angle preoperatively can forecast the postoperative 
IOL fluctuation and can influence the surgical approach, as well as the postoperative 
follow-up regime.

Reopacification of the Visual Axis After BIL IOL Implantation The main advantage 
of the BIL technique is that the anterior and posterior capsules are placed into the 
groove of the BIL IOL.  This keeps any residual lens epithelial cells in a closed 
space, which also decreases the risk of retrolental reopacification of the visual axis 
considerably. Tassignon et al. have described rare cases of retrolental reopacifica-
tion caused by the improper placement of the posterior capsulorhexis. They stated 
that in spite of the presence of the posterior capsulorhexis, the lens epithelial cells 
can proliferate onto the surface of the anterior vitreous from the free and uncaptured 
remnants of the posterior capsule. In these cases, the posterior capsulorhexis was 
easily placed back into the groove of the BIL IOL after the removal of the opacities 
with vitrectomy.

In our cohort, we diagnosed retrolental reopacification in few cases in long-term 
follow-up, which was treated with BIL IOL reposition and vitrectomy. Moreover, in 
our series we observed two cases with the presence of pigmented precipitates on the 
anterior surface of the BIL IOL in the late postoperative period. A possible explana-
tion could be the release of the pigmented cells from the iris during or after surgery, 
especially in small eyes. However, whether these small precipitates have a negative 
influence on the visual functions remains questionable.

The appearance of deposits or precipitates of calcium and phosphate in the BIL 
IOL biomaterial has been described previously. However, it is possible to explant a 
damaged BIL IOL and to implant a new one [17]. The correct placement of the BIL 
IOL can be re-examined postoperatively by using hand-held or standard optic 
coherence tomography systems.

Postoperative Uveitis and Endophthalmitis Surgical trauma and an immature 
blood-ocular barrier predispose children to excessive, non-specific uveal reactions 
in the postoperative period. The grade of inflammation can vary from singular cells 
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seen in the anterior chamber to excessive fibrin reactions with the formation of ante-
rior and posterior synechia, secondary glaucoma and vitreal exudation. Perioperative 
trauma of the iris and ciliary body can play a crucial role in the development of 
postoperative uveitis.

Postoperative inflammation can be prevented and treated with steroids, NSAID 
and irrigation of the anterior chamber with heparin and by minimizing surgical 
trauma.

In BIL surgery, the amount of residual lens epithelial cells that can be released 
and float in the anterior chamber is reduced compared to the lens-in-the-bag tech-
nique. This might decrease the risk of postoperative uveitis in compromised cases.

In our study, we observed excessive postoperative granulomatous uveitis with 
membrane formation in two eyes from the same patient. Surgical removal of the 
fibrin membranes was needed in one eye, while the other eye was treated conserva-
tively first and was then operated on for secondary glaucoma.

A postoperative infectious endophthalmitis may occur as a devastating com-
plication in rare cases of paediatric cataract. This has an incidence rate of 
0.071–0.45%. The presence of ocular or systemic infection, as well as intraop-
erative complications such as improper wound construction, iris prolapse and 
vitreous loss with prolonged surgery time, is a risk factor in the development of 
endophthalmitis. Nasolacrimal duct obstruction and upper respiratory tract 
infection have to be excluded before surgery as they can create an additional 
risk for postoperative endophthalmitis. The prophylaxis and treatment 
approaches of acute postoperative endophthalmitis in children are similar to 
those in adults. The use of intracameral antibiotics at the end of the surgery is 
strongly recommended. The incidence of endophthalmitis in paediatric BIL sur-
gery has not been reported on. However, the possible risk factors must be con-
sidered nonetheless.

Cystoid macular oedema (CME) is considered to be caused by intraoperative 
and/or postoperative release of cytokines and vitreoretinal traction. This can lead to 
the disruption of the inner blood-retinal barrier resulting in the accumulation of 
intraretinal fluid within the inner retinal layers. Other pathophysiologic mechanisms 
include intraocular inflammation, phototoxic trauma and postoperative ocular 
hypotony. Optical coherence tomography is considered to be the gold standard in 
establishing the diagnosis of CME. The diagnosis of CME in paediatric patients 
using OCT can be challenging due to compliance issues and can result in underdi-
agnosis. We use a hand-held OCT (Bioptigen, Morrisville, NC, USA) after the sur-
gery and during the follow-up to eventually detect macular oedema in our paediatric 
patients. The advantage of this approach is that an experienced examiner can per-
form OCT scanning without general anaesthesia. We have not observed CME in any 
of our cases. In some patients, absence of the normal foveal indentation can be 
revealed as an additional finding, indicating a more complex ocular pathology, 
which might have a possible impact on the final visual outcome.

The incidence of CME in paediatric patients is reported to be low, possibly due 
to the anatomical particularities of a child’s eye, such as a tight vitreoretinal adhe-
sion, but maybe also underdiagnosed. During the BIL technique, the anterior 
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vitreous is separated from the posterior capsule using viscodissection. This mini-
mizes the anterior displacement of the vitreous and might lower the risk of 
CME. There are no cases of CME reported in paediatric patients who underwent 
BIL surgery.

Vitreous haemorrhage (VH) occurs rarely in paediatric cataract surgery and 
can be caused by accidental ocular hypotony or iatrogenic trauma to vascular-
ized tissues. The source of the haemorrhage can include the fetal vasculature of 
the iris, ciliary body or anterior chamber angle. Occasionally, when an excessive 
conjunctival haemorrhage is present, the blood can leak through the corneal inci-
sions into the anterior chamber and vitreous cavity. The main predisposing factor 
for vitreous haemorrhage is the presence of persistent fetal vasculature (PFV). A 
mild VH usually resolves spontaneously over 2–4 weeks. In the case of dense VH, 
a surgical removal of the vitreous with the PPV approach has to be considered. In 
our group of patients, we did not see any case of VH after BIL IOL implantation.

Retinal detachment (RD) remains one of the most dangerous complications that 
can appear following cataract surgery in children and has an incidence of about 1%. 
The pathogenesis of RD is not entirely clear. The presence of pathologic myopia, 
peripheral retinal degeneration, displacement of the lens or a history of ocular 
trauma can increase the risk of RD in children. Intraoperative complications, such 
as capsular bag loss, luxation of the lens into the vitreous cavity, vitreous haemor-
rhage and vitreous prolapse, can also lead to RD. There were no incidences of reti-
nal detachment in a long-term follow-up study of BIL IOL implantation in children 
[13]. We also have not observed any case of RD in our group of paediatric cataracts 
operated with BIL IOL (B. Lorenz et al., unpublished data). The management of RD 
in children includes the standard surgical approaches, such as PPV and scleral buck-
ling. Proliferative vitreoretinopathy (PVR) and detachment of the macula can lead 
to a poor prognosis of visual recovery.

Choroidal detachment is a rare complication as well. The fluctuation of IOP dur-
ing surgery and in the postoperative period can result in dilatation of choroidal ves-
sels with effusion of plasma into the subchoroidal space. Choroidal detachment 
alone or in association with subchoroidal haemorrhage has not yet been reported in 
paediatric BIL patients.

22.3  Core Messages

• Careful follow-up and monitoring of visual function and amblyopia is essential 
to obtaining good outcomes in the long term.

• The bag-in-the-lens technique allows for the minimization of the rate of visual 
axis reopacification after cataract surgery in children.

• The BIL technique does not otherwise present considerable differences in intra- 
or postoperative complication rates compared to conventional surgery 
techniques.
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