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Foreword

There is no shortage of textbooks on cataract surgery. However, ophthalmolo-
gists will find Cataract Surgery-Pearls and Techniques provides a very differ-
ent and fresh perspective on our most common ophthalmic procedure. Professor
Christopher Liu is an internationally recognized expert in cataract and anterior
segment surgery. Over his long and prolific career, Christopher has distinguished
himself as a clinician, researcher, innovator, and teacher. Dr. Liu is the President
of the Brighton and Sussex Medico-Chirurgical Society, and he has been active in
the leadership of the Royal College of Ophthalmologists, the United Kingdom and
Ireland Society of Cataract and Refractive Surgeons, and the British Society for
Refractive Surgery. Professor Liu has also provided valued mentorship to many
clinical fellows, including his co-editor, Dr. Ahmed Shalaby Bardan, a rising star
among anterior segment surgeons. Together, these two editors have produced
a thoughtful and creative guide to cataract surgery that extends well beyond the
transfer of basic and advanced surgical skills.

Cataract Surgery-Pearls and Techniques provides a uniquely holistic approach
to the procedure, by exploring topics such as patient safety, surgical timing, anaes-
thesia options, risk assessment, surgical workflow and efficiency, and carbon foot-
print and sustainability. This textbook also strives to more deliberately consider
the cataract patient’s perspective. How can we best understand and address our
patients’ fears and expectations, optimize their comfort, and improve their overall
experience? Finally, exploring the best ways to learn cataract surgery impacts how
we can individually improve, as well as how we should be training the next gen-
eration of cataract surgeons. The editors have selected an outstanding faculty of
international experts to write about each of these subjects. Many of these authors
are past fellows and colleagues of Professor Liu. Like symphony conductors,
the editors orchestrate these components into a comprehensive and purposeful
roadmap for cataract surgeons.

Overall, this insightful textbook captures the essence and the many benefits of
doing a surgical fellowship with a leading mentor. Clinical fellows not only learn
surgical tips and pearls, but get to observe how the expert counsels and com-
municates with patients, how they organize their operating room schedule and
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workflow, and how they make decisions such as when to operate, what refrac-
tive IOL to use, and how to assess surgical risk. Cataract Surgery-Pearls and
Techniques is a thought-provoking and practical resource for both novice and
advanced cataract surgeons alike. Most importantly, it will help us to become not
only better surgical technicians, but also better physicians.

Los Altos, CA, USA, David F. Chang, MD



Preface

The story of this book started when I received an email from Elizabeth Pope
after a long association with Springer publisher. We met at the rooftop café of
Hilton Diagonal Mar in Barcelona during the SOE meeting to discuss four ini-
tial Ophthalmology book proposals on a sunny morning in June 2017. The first, a
primer for undergraduate medical students and allied healthcare workers, and this,
the second, on cataract are now complete. The third on keratoprostheses is in pro-
gress and the fourth on demystifying age-related macular degeneration to follow.
Since that meeting, there has been a further agreement in principle of a Master
Ophthalmic Surgeon series of books.

Blending my 40 years of thoughts and experience in cataract surgery (clinical,
surgical, research, and managerial) with Ahmed Bardan’s 10 years of practice and
vigour of youth, we set out to take a fresh look at old issues with soul searching
questions to redefine established practice. Rather exacting briefs were sent to our
unsuspecting, expert chapter authors.

This is not just a surgical textbook. It is much more than that, or at least we
have aimed so. A cataract is attached to a patient, a fellow human being with fears
and emotions, with expectations of outcome, and desire for knowledge of what
the process of surgery and recovery will be like. We need to demystify cataract
surgery for patients. It is not a skin growing on the eye to be peeled off (that is a
pterygium!), and it bears risk of permanent sight loss. The risk is proportional to
the complexity of eye factors and patient factors (risk stratification) and can be
reduced by careful planning of methods, techniques, team building and allowing
sufficient time. A surgeon must learn not just how to operate (more on that later),
but also when, and finally when not to (despite pressure from patient or relatives,
or even from commercial pressure).

A question that needed answering was how do we train the next generation of
surgeons? To put it simply, by book knowledge, skills lab, simulation, graded chal-
lenge, practice, inculcating the concept of a thinking surgeon, understanding that
to err is human, and understanding the importance of apprenticeship and tutelage.
In the final analysis, a surgeon whilst they have to be confident, needs to have
some self-doubt and remain humble.

ix
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There are many things we can do to help ease the anxiety and discomfort of
patients going through cataract surgery, from imparting them with information
to showing them what they will experience, and from appropriate anaesthesia to
inspiring confidence. All the above is covered and permeates the many chapters
of this book. Simplifying patient journey, Safety, and Sustainability are also issues
we have placed great importance upon. We cannot just continue do more of the
same. On recovery from the COVID-19 pandemic, we suspect Cataract Surgery
by Appointment and Immediate Sequential Bilateral Cataract Surgery will be
viewed in a positive light. We also cannot keep wanting the best for ourselves and
be wasteful, looting planet earth and short changing future generations.

Thank you for your interest in this book. We hope you will enjoy reading and
rereading it. Sometimes the messages do not come through immediately and you
will have to think about them. We thank our authors who have worked very hard to
produce wonderful chapters. We thank them for putting up with pernickety editors.
We thank Springer for accommodating our tardiness in our quest for perfection.
We thank our proofreaders (Mrs. Sue Cooper, Drs. Larry Benjamin, Tommy Chan,
Sharmina Khan, Pei Lin, and Vincenzo Maurino). All errors remain our fault.

Brighton, UK Prof. Christopher Liu
December 2020 OBE, FRCOphth, FRCSEd, FRCP, CertLRS
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What Do Cataract Patients Want? ()

Check for
updates

Alfonso Vasquez-Perez and Christopher Liu

Cataract formation is inevitable with ageing and remains the leading cause of
blindness worldwide [1]. Cataract surgery is one of the oldest surgical procedures
in human history and was first documented in the fifth century BC. However, cat-
aract surgery has not always enjoyed good levels of success. For centuries patients
were doomed to be subject to dangerous procedures like dislodging of the lens or
“couching” using sharp instruments with a risk of blindness. These interventions,
often performed by “quacks”, incurred a high risk of complications. Among the
unfortunates was the famous 18th century composer Johann Sebastian Bach, who
was not only left blind in both eyes but died shortly after surgery, due to compli-
cations of the procedure [2].

Developments in ophthalmic surgery during recent decades such as antibiot-
ics, operating microscopes, sutures, intraocular lenses and phacoemulsification
have positioned cataract surgery as one of the safest interventions in medicine.
Modern cataract extraction by phacoemulsification and a suture-less technique is
performed worldwide and successfully restores sight with a short recovery period,
overcoming the adverse impact this disease has had on societies and cultures.

Despite all these surgical advances, patients may enquire about possible modal-
ities other than surgery to treat their cataracts which of course is not possible.
Also, once they accept the necessity of surgery, they may express their wish for
a risk-free procedure, guaranteed instantaneous outcome and full restoration of
focusing at all distances as if cataract surgery were not only a treatment to restore
but to rejuvenate vision. These enquires may be the result of constant advances
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and misinformation by the media, making consumers more demanding for a per-
fect, risk free outcome. We thus need to give accurate information to our cataract
patients and be able to anticipate their concerns and queries. It is the authors’ wish
to equip the reader with such skills and knowledge.

Anxiety and Surgical Fear

Patients always have preoperative anxiety and fear regardless of the level of
intrusion and success rates of a proposed operation [3, 4]. Fear of permanent
loss of vision can be found in most patients who are told they require eye sur-
gery. Fear has been associated with increased intraoperative and postoperative
pain, increased use of analgesia and poor postoperative recovery [3]. Studies
have demonstrated that delivering easy-to-understand patient information alone
is highly effective in reducing anxiety. Assessing and addressing surgical
fear should be one of the first steps in any pre-operative workup [4-6].

Studies that examined what patients want before consenting for surgical proce-
dures (including cataract surgery), have found patients considered it most impor-
tant to meet their surgeon and secondly to receive information regarding risks,
type of complications and the operative technique [7]. It is therefore the clinician’s
duty to anticipate patient anxiety, give reassurance and deliver understandable
information in a well conducted face-to-face consultation.

Patients may express their concerns about the difficulty in keeping their head
or eyes still and that making sudden movements may result in complications espe-
cially if topical anaesthesia alone is used. Asking them in advance to keep look-
ing as much as possible at one direction (usually the operating microscope lights)
will be helpful in maintaining the correct position but will also keep their mind
focused on a target. Others might also be afraid to see instruments approaching
their eye during the operation and they should be informed that shadows and lights
are seen rather than needles and sharp edged knives. This applies for the majority
of cases with the exception of high myopes who can focus objects at very near
distance. For all types of patients maintaining reassurance and short explanations
of what is currently happening and what they should expect to see and feel as the
surgery progresses have proved to help to reduce anxiety [4]. There are however
patients who would prefer not to have a running commentary. When the likelihood
of poor intraoperative cooperation is predicted such as patients with known anxi-
ety disorder or claustrophobia, a nurse or volunteer to hold their hand has proved
to reduce anxiety and is recommended. In addition, cases which are predicted to
have poor cooperation for topical anaesthesia, sedation (oral or intravenous) and or
subtenons/peribulbar block should be considered. For even more anxious patients,
general anaesthesia should be considered during preoperative planning.

Preoperative explanation of what the patient will experience (see, feel and
hear), as opposed to details of surgical technique could make the experience more
bearable and contribute to reducing patient anxiety [4, 6]. Patients need to know
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that their eyes will be “numb” with either drops or a small injection and after that
they will be required to lay flat and still for the operation which usually takes
between 20 and 30 minutes. Their face will be covered to allow the operation to
be done under sterile conditions and they should also be informed regarding the
importance of keeping their eyes open for draping and placement of the specu-
lum (Fig. 1). It is important to explain that there will be a strong light which they
will get used to, plenty of fluid or water running, and sensations of touch and pres-
sure, rather than an empty reassurance that they will feel nothing (Fig. 2). Once
the operation is finished a pad and/or shield will be placed over the eye, after
which patients are moved to the recovery area. Finally, a nurse will inform patients
when to remove the pad and start post-operative eye drops before they are dis-
charged home preferably accompanied. Information on eye protection (Cartella
shield, not touching the eye, keeping it dry) and the post-operative eye drops
regime will further add to patient preparedness.

Supporting Information on Cataract Surgery

Information presented to patients needs to be consistent and simple to ensure their
comprehension and satisfaction. The following key points must be included in the
core information: despite there being no 100% guarantee of a successful result,
with modern techniques the chance of severe or complete permanent loss of vision
in the operated eye is less than 1 in 1000 and that more than 95% of patients have
no complications at all [8, 9]. Also it is important to reassure patients that most
complications are manageable although it may mean that further procedures might
be required and that the recovery period may be longer than usual.

The volume of cataract surgery is increasing, and hospitals have implemented
protocols to facilitate patient flow. Specialised high-volume cataract units have all
the necessary arrangements and biometry completed in the first visit avoiding the
need for an extra preoperative appointment [5, 10]. In this context patients might
have a shorter time to weigh up the information provided. Therefore, written infor-
mation (informative leaflets) usually given at the beginning of the consultation,
could also be provided in advance by community opticians, general practition-
ers or be available online. These measures will allow patients time to formulate
questions and will ensure all their concerns and doubts will be dealt with at the
consultation.

Similarly, educational videos of cataract surgery are becoming more widely
used and popular as they allow important and consistent information to be pro-
vided audio-visually and understood easily [6]. A well-produced short video
(4-5 minutes) has been shown to offer an appealing advantage regarding the abil-
ity to deliver the necessary information about the risks and benefits of surgery
[11-13]. The use of digital media will never replace the face-to-face counselling
with the surgeon but offers an additional method of educating patients. It can also
help to avoid misunderstandings that could otherwise occur during the informed
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Fig. 1 Draping of a patient for cataract surgery. This stage can generate stress in patients with
anxiety but good communication regarding the steps focusing on what the patient will feel is
required. It is important to reassure patients and ask them to keep their eyes open for effective
draping

Fig. 2 Holding the hand of a staff member during cataract surgery can significantly decrease
patient anxiety
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consent process. It may have additional value in academic settings where trainees
have not yet adequate experience with appropriately guiding patients through the
informed consent process.

In addition, a telephone hotline should be implemented which could be dedi-
cated to postoperative queries and concerns and/or similarly an email address that
staff monitor regularly to reply and advise patients in accordance with their symp-
toms. These measures would decrease unnecessary visits in emergency and outpa-
tient clinics improving efficiency of cataract units.

Disclosure of Cataract Surgery Training

Most cataract operations worldwide are performed in the public sector many of
them at teaching hospitals. Another factor that may contribute to surgical fear is
the involvement of trainees [14]. Some patients could be aware of the potential
involvement of residents in their surgery and feel that the risk of complications
will be higher. Surgical training, especially in cataract surgery, is a necessary
facet of Ophthalmology training programmes [14, 15]. This should be accom-
plished through graded responsibility and surgical challenge, where trainee sur-
geons perform supervised increasingly complex tasks appropriate for their level
of experience and competence [16]. Patients might not fully understand that
the Ophthalmologist is still in training and very often the trainee’s role is not fully
disclosed. While some studies show most trainees and consultants feel disclo-
sure would increase patient’s anxiety levels [17], others suggest that the factors
contributing to a patient’s decision for resident involvement are modifiable [14].
Disclosure of resident involvement increases transparency and could allow train-
ees and patients to interact more openly. When patients trust their consultants, they
are more likely to trust their advice on trainee involvement. In a similar manner
transparency and patient’s trust would decrease the anxiety of residents improving
their surgical performance. Consideration should be given as to whether a patient
wants to know who will be operating.

Recovery Time and Return to Work

Patients will ask about the recovery time and the postoperative need for review.
During the past two decades of phacoemulsification cataract surgery, the
experience of problem-free recovery after uneventful surgery has translated into
decreasing numbers of recommended postoperative check-up visits. Already in
the year 1995 Tufail et al. [18] concluded that routine check-up of symptomless
patients on the first day after cataract surgery is inefficient. In the majority of spe-
cialised cataract units a post-op review by the Ophthalmologist would be required
only for cases with intraoperative complications, patients who received toric
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intraocular lenses or patients with coexisting eye conditions like diabetic retinopa-
thy, Fuchs’ dystrophy, advanced glaucoma, chronic uveitis, and previous refractive
surgery.

There is no consensus regarding the time at which patients will be able to
return to work or their usual daily activities following cataract surgery. Although
patients have to use drops for one month, studies evaluating clear corneal incisions
have found that these had spontaneously sealed by day four [19]. As the incidence
of postoperative intraocular inflammation with modern sutureless phacoemulsifi-
cation is low, most patients could be advised to return to their work or usual activ-
ities after one or two weeks and these could include driving if the contralateral
eye has good vision or return to exercises like yoga, running or even swimming.
Passive sexual activity could also resume in this sort of time frame.

Because most patients are over sixty years old and therefore not actively pay-
roll workers, time for recovery may not have a significant economic impact on
wider society but impact their families who require their support as carers for exam-
ple. In reality most patients presenting for surgery have bilateral cataracts which
makes it necessary to have both eyes operated on for full visual rehabilitation. In this
scenario immediately sequential bilateral cataract surgery (ISBCS) offers the fastest
recovery and therefore fastest return to work or activities but also offers significant
financial advantages including more efficient use of operating theatres and a reduced
number of clinical visits [20, 21]. Despite its advantages the most serious allegation
against ISBCS is the risk of potential bilateral endophthalmitis. Only four cases of
simultaneous bilateral endophthalmitis have been reported in the literature follow-
ing ISBCS but none of the operations were done according to the protocol published
later by the International Society of Bilateral Cataract Surgeons [22]. In fact, suit-
able patients willing to undergo simultaneous bilateral cataract surgery should be
informed that no case of bilateral simultaneous endophthalmitis occurred in more
than 95,000 ISBCS collected operated according to this guideline in a multi-centre
study [23]. There are also claims that obtaining refraction from the first operated eye
allows improved outcome from the second eye, however with the introduction of
optical biometry the predictability for refractive outcomes has significantly improved
making it unnecessary to wait for the refraction of the first eye. Another advantage
of ISBCS is that it mitigates the period of anisometropia which can be a significant
problem occurring after unilateral cataract surgery [24]. With ISBCS even if there is
a small lapse from a target refraction the stereoscopic vision is immediately restored.
With improvements of the technique and increasing demand for cataract surgery,
providing surgeons with guidelines and tools to support ISBCS would increase their
confidence in the adoption of ISBCS for suitable patients in the near future.

Refractive Outcome and Presbyopia Management

Predicted refractive outcome has improved significantly with the introduction of
optical biometry and new generation formulae. In addition, the constant develop-
ment of multifocal intraocular lenses is directing cataract surgery to evolve into a
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refractive procedure. In recent years, patients have also become more interested in
having a treatment which can provide a spectacle-free life. Despite all improve-
ments, presbyopia remains an obstacle in cataract surgery and achieving high
quality full range of vision has become one of the greatest goals of modern cata-
ract surgery. Patients should know that even though multifocal intraocular lenses
(IOLs) are effective at improving near vision relative to monofocal IOLs, there
is still uncertainty as to the size of the effect, and that there is not yet a perfect
replacement compared to a young crystalline lens [25].

The main problems reported in patients receiving multifocal IOLs are dyspho-
topsia (glare and halos). It is known that they tolerate less residual ametropia and
require earlier YAG laser capsulotomy [26]. Lifestyle, occupation and expectations
must be questioned as patient selection is crucial in order to avoid dissatisfaction.
Patients who drive at night, demand a perfect outcome, halos already present, have
large pupils or who have ocular conditions like maculopathy, glaucoma, amblyo-
pia, dry eye, corneal dystrophies, previous keratorefractive surgery are not good
candidates for multifocal lenses [25, 26].

A different approach to treat presbyopia using monofocal IOLs is monovision.
This is a low-cost option that corrects distance vision in the dominant eye and the
non-dominant eye focuses intentionally for near to mid-range vision. Full mono-
vision requires to aim for a refractive error of —2.50 D or more in the non-domi-
nant eye but the resultant anisometropia induces loss of stereopsis and one third of
patients can present with intolerance [27]. In order to improve tolerance beyond two
thirds of patients, a modified approach known as “mini-monovision” requiring a
smaller interocular difference power (—0.75 to —1.75 dioptres) has been described
with good outcomes and thus gained popularity [27]. Monovision and mini-mon-
ovision have proved to be safe alternatives, have similar grade of patient satisfac-
tion and have less dysphotopsia symptoms than multifocal IOLs [28]. It has been
reported that patients with mini-monovision are less likely to undergo IOL exchange
due to dissatisfaction when compared with multifocal IOLs [29]. Patients should
be carefully counselled and warned that a period of adaptation is needed and there
can be more dependence on glasses compared with multifocal IOLs [27]. Generally,
patients who are used to monovision contact lens wear are particularly good can-
didates for this approach but they should also be warned about less predictable
outcomes after surgery. This could be secondary to loss of minor residual accommo-
dation of the crystalline lens which can be present even in middle-aged patients. A
contact lens monovision trial would provide valuable information regarding predic-
tion of postoperative tolerance but it has limitations in the presence of cataracts.

Second Eye Surgery Syndrome

Another common concern for patients is whether the second eye experience would
be similar to their first operated eye. For patients who had an unpleasant experience
during the first surgery a change in the anaesthetic planning may be considered.
This would consist of performing either subtenons or peribulbar block instead of
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topical and/or using sedation (oral or intravenous). For patients who had an une-
ventful first cataract surgery, surgeons usually repeat the same plan for the second
eye if the case is similar, however there are some issues we have to consider.

Even though patient anxiety declines for the second surgery, a meta-analysis
has shown that patients experience more pain and discomfort during their second
eye cataract surgery [30]. The mechanism for this phenomenon remains unknown
but a few theories have been proposed. Firstly, patients who had successfully
undergone first cataract surgery feel less anxiety while paying more attention to
the pain perception during their second eye surgery [31, 32]. Secondly, drug tol-
erance may have developed to the analgesic or even the sedative after surgery of
the first eye. Thirdly, the first eye surgery was regarded to give rise to sympathetic
irritation making the contralateral eye prone to painful stimuli [31]. This last the-
ory has been supported by recent studies that showed an increase of a pain related
inflammatory chemokine MCP-1 in the aqueous humour in the second eye sub-
sequent to the first eye cataract surgery which also suggests that there might have
been a sympathetic ophthalmic type uveitis in the second eye prior to the first eye
surgery [33]. Based on this observation patients should be informed of the pos-
sibility of increased sensation for the second eye and where necessary increased
anaesthesia or sedation might be considered independently of the experience of
the first eye. Through personal experience, we have found patients feel more dis-
comfort during second eye surgery even in immediately sequential bilateral cat-
aract surgery (ISBCS) (unpublished data). Our routine practice for ISBCS is
therefore to use topical and intracameral anaesthesia in the first eye, and a sub-
tenons anaesthetic for the second.

Alteration in Appearance Following Cataract Surgery

A change in appearance can be noticed and has been reported by patients after
intraocular surgery. In most cases patients can notice asymmetry in their eyelids
and typically upper eyelid ptosis that can develop independently of the level of
difficulty of cataract surgery. Less commonly patients can present with changes in
iris colour, pupil shape or size which are usually related to intraoperative trauma.
The incidence of upper eyelid ptosis following cataract surgery has been reported
from 7.3 to 21% [34] and in the majority of cases it resolves spontaneously dur-
ing the following weeks. The causes of transitory ptosis might include eyelid
oedema, indirect infiltration of the levator palpebrae superioris (LPS) by retrobul-
bar or peribulbar anaesthesia and ocular surface disturbance. A minor percentage
can present postoperative ptosis due to disinsertion of the LPS aponeurosis with its
precise aetiology remaining elusive. It has been postulated that contraction of the
orbicularis oculi against the speculum may cause dehiscence of the LPS aponeuro-
sis and also that the speculum may compress the lid against the orbital rim caus-
ing inflammation and oedema which may result in weakening of the aponeurosis
[35, 36]. It has also been observed that patients with smaller palpebral apertures
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were more likely to develop ptosis and it would be advisable that a rigid speculum
should be avoided in these particular eyes [34]. In most of the cases with postop-
erative upper eyelid ptosis observation initially would be recommended, however
in the event of LPS aponeurosis disinsertion patients should be informed that cor-
rective eyelid surgery can successfully restore the upper eyelid normal position.
Finally some patients may notice a reflective sparkle in their eyes which is due to
light reflection from the anterior surface of the intraocular lens. These patients are
usually asymptomatic otherwise and need only receive reassurance.

Double Vision After Cataract Surgery

New onset diplopia after cataract extraction is uncommon with an estimated inci-
dence between 0.17 and 0.75% [37]. Its development is an unexpected event for
the patient and often a source of confusion for the physician. Moreover, its rar-
ity inherently engenders unfamiliarity with the evaluation and has implications for
identification of proper underlying disease that can result in medical litigations.

Both binocular and monocular diplopia can develop following cataract surgery
and differentiating the two is the first work up in these patients. Monocular diplo-
pia can be secondary to lens decentration or retained lens fragments and further
corrective surgery for these complications eliminates diplopia. On the other hand,
binocular diplopia is by far the most common postoperative acquired strabismus
and vertical deviations represent 98% of its total.

Postoperative strabismus and diplopia can be related to anaesthetic procedures
or pre-existing conditions unmasked by cataract surgery [38]. Whilst retrobulbar
anaesthesia can induce direct needle trauma to an extraocular muscle, the anaes-
thetic agent itself also used in peribulbar or sub-tenons block can cause myo-
toxicity of the extraocular muscles and therefore strabismus [38, 39]. The use of
hyaluronidase has been proposed to decrease the potential for myotoxicity due
to its function as a digestive agent allowing anaesthetic dispersal through tis-
sue preventing its accumulation in one area and damage of nearby muscles [39].
Therefore, in cases not suitable for topical anaesthesia and when ophthalmoparesis
is required the addition of hyaluronidase to either retrobulbar, peribulbar or sub-
tenons block would be recommended.

Pre-existing misalignments have been described as the most commonly iden-
tified cause of diplopia following cataract surgery [38]. Because cataract devel-
opment is an insidious process and subnormal vision, which some patients may
endure, can mask even long term and marked misalignments, it is then of prime
importance to conduct a thorough assessment of the patient’s efferent visual sys-
tem prior to cataract extraction, both by history and examination. Documentation
of preoperative strabismus is also helpful in the decision to operate on the dom-
inant eye first to prevent “fixation-switch diplopia” seen when patients with a
long-standing strabismus are forced to take up fixation with their non-domi-
nant eye [40]. A cataract can occlude the vision of a deviated eye and improve
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symptoms of difficult or intractable diplopia. In these cases, consideration should
be taken regarding the option of not removing the cataract. Finally, if a patient
develops strabismus post cataract surgery, it is necessary not to obviate the need
to consider other less common aetiologies of a vertical misalignment such as skew
deviations, third and fourth nerve palsies, and myasthenia gravis.

Post-cataract surgery strabismus can be successfully treated with prismatic
glasses and in more severe cases with corrective surgery. However, because myo-
toxicity or traumatic myopathies are dynamic processes patients typically need
several months for the condition to become stable before strabismus surgery can
be performed. In some cases, botulinum toxin injection can bring the eyes back
into permanent alignment [37, 38].

Floaters and Retinal Detachment Following Cataract
Surgery

Floaters can become more apparent following cataract surgery as patients see
more clearly. A preoperative evaluation of the vitreous is recommended in order
to identify patients without posterior vitreous detachment (PVD). In these individ-
uals the onset of floaters following cataract surgery requires careful examination
regarding the possibility of retinal tears and retinal detachment. Patients with pre-
vious PVD on the other hand should be warned regarding the increasing degree of
their symptoms following surgery. Increased perception of floaters can cause sig-
nificant distress, but patients should be reassured that improvement is usually seen
in the following months.

Cataract surgery can also induce posterior vitreous detachment (PVD) and there-
fore represent a risk factor for retinal detachment [41]. The incidence of this com-
plication is however very low and has been estimated to range from 0.3 to 0.5%
for phacoemulsification [42]. Intraoperative vitreous loss and high myopia are
known risk factors associated with increased incidence of retinal detachment post
cataract surgery. High myopes have 6.5 times higher incidence than emmetropes
[42]. These patients should be carefully assessed preoperatively and advised to seek
urgent review in the onset of PVD symptoms following cataract surgery. Besides
high myopes, patients with history of retinal detachment in the same or contralat-
eral eye and those with family history of RD should be offered a follow up visit in
which presence of and prophylactic treatment for predisposing retinal lesions like
lattice degeneration or abnormal vitreoretinal adhesions should be evaluated.

References

1. Bourne RRA, Stevens GA, White RA, Smith JL, Flaxman SR, Price H, etal. Causes
of vision loss worldwide, 1990-2010: a systematic analysis. Lancet Glob Health.
2013;1(6):€339-49.



What Do Cataract Patients Want? 11

10.

11.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Zegers HCR. The eyes of Johann Sebastian Bach. Arch Opthalmol. 2005;123:1427-30.
Theunissen M, Jonker S, Schepers J, et al. Validity and time course of surgical fear as meas-
ured with the Surgical Fear Questionnaire in patients undergoing cataract surgery. PLOS
One. 2018.

Ramirez D, Brodie F, Rose-Nussbaumer J, et al. Anxiety in patients undergoing cataract
surgery: a pre- and postoperative comparison. Clin Ophthalmol. 2017:11.

Moinul P, Ligori T, MD, Qian J, et al. Evaluating patient preparedness for cataract surgery
and satisfaction with preoperative care. Can J Ophthalmol. 2019;4:54.

Vo TA, Ngai P, Tao JP. A randomized trial of multimedia-facilitated informed consent for
cataract surgery. Clin Ophthalmol. 2018:12.

Elder MJ, Suter A. What patients want to know before they have cataract surgery. Br J
Ophthalmol. 2004;88:331-2. https://doi.org/10.1136/bjo/2003.020453.

Endophthalmitis Study Group, European Society of Cataract & Refractive Surgeons.
Prophylaxis of postoperative endophthalmitis following cataract surgery: results of the
ESCRS multicenter study and identification of risk factors. J Cataract Refract Surg.
2007;33(6):978-88.

Jaycock P, Johnston RL, Taylor H, Adams M, Tole DM, Galloway P, et al. The Cataract
National Dataset electronic multi-centre audit of 55 567 operations: updating benchmark
standards of care in the United Kingdom and internationally. Eye. 2007;23(1):38—49.
Alboim C, Kliemann RB, Soares LE, Ferreira MM, Polanczyk CA, Biolo A. The impact of
preoperative evaluation on perioperative events in patients undergoing cataract surgery: a
cohort study. Eye. 2016;30:1614-22.

Tan JF, Tay LK, Ng LH. Video compact discs for patient education: reducing anxiety prior
to cataract surgery. Insight. 2005;30(4):16-21.

Zhang Y, Ruan X, Tang H, Yang W, Xian Z, Lu M. Video-assisted informed consent for cat-
aract surgery: a randomized controlled trial. J] Ophthalmol. 2017;2017:9593631.

American Academy of Ophthalmology. Phaco cataract surgery with monofocal lens.
Cataract and refractive surgery patient education Video Collection. 2017.

Corwin A, Rajkumar J, Markovitz B, etal. Association of Preoperative Disclosure of
Resident Roles With Informed Consent for Cataract Surgery in a Teaching Program JAMA
Ophthalmology. Published online July 25, 2019.

Rogers GM, Oetting TA, Lee AG, etal. Impactof a structured surgical curriculum
on ophthalmic resident cataract surgery complication rates. J Cataract Refract Surg.
2009;35(11):1956-60.

Randleman JB, Wolfe JD, Woodward M, Lynn MJ, Cherwek DH, Srivastava SK. The resi-
dent surgeon phacoemulsification learning curve. Arch Ophthalmol. 2007;125(9):1215-9.
Aminlari A, Greenberg P, Scott I. Ophthalmology residents perspectives regarding disclo-
sure of resident involvement in ophthalmic surgery. J Acad Ophthalmol. 2014;7(1).

Tufail A, Foss AJE, Hamilton AMP. Is the first day postoperative review necessary after cat-
aract extraction? Br J Ophthalmol. 1995;79:646-8.

Chee S, Ti S, Lim L, et al. Anterior segment optical coherence tomography evaluation of
the integrity of clear corneal incisions: a comparison between 2.2-mm and 2.65-mm main
incisions. Am J Ophthalmol. 2010;149:768-76.

Smith GT, Liu CS. It is time for a new attitude to “simultaneous” bilateral cataract surgery?
Br J Ophthalmol. 2001;85:1489-96.

O’Brien JJ, Gonder J, Botz C, Chow KY, Arshinoff SA. Immediately sequential bilateral
cataract surgery versus delayed sequential bilateral cataract surgery: potential hospital cost
savings. Can J Ophthalmol. 2010;45(6):596-601.

Haynes AB, Weiser TG, Berry WR. A Surgical Safety Checklist to Reduce Morbidity and
Mortality in a Global Population. N Engl J Med. 2009;360(5):491-9.

Arshinoft SA, Bastianelli PA. Incidence of postoperative endophthalmitis after immediate
sequential bilateral cataract surgery. J Cataract Refract Surg. 2011;37(12):2105-14.
Kontkanen M, Kaipiainen S. Simultaneous bilateral cataract extraction: a positive view. J
Cataract Refract Surg. 2002;28(11):2060-1.


http://dx.doi.org/10.1136/bjo/2003.020453

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

A. Vasquez-Perez and C. Liu

De Silva SR, Evans JR, Kirthi V, et al. Multifocal versus monofocal intraocular lenses after
cataract extraction. Cochrane Database Syst Rev. 2016;12:12.

Alio JL, Plaza-Puche AB, Fernandez-Buenaga R, Maldonado M. Multifocal intraocular
lenses: An overview. Surv Ophthalmol. 2017;62:611-34.

Labiris G, Toli A, Perente A, et al. A systematic review of pseudophakic monovision for
presbyopia correction. Int J Ophthalmol. 2017;10:992-1000.

Wilkins MR, Allan BD, Rubin GS, et al. Randomized trial of multifocal intraocular lenses
versus monovision after bilateral cataract surgery. Ophthalmology. 2013;120:2449-55.
Wang S, Stem M, Oren G, et al. Patient-centered and visual quality outcomes of premium
cataract surgery: a systematic review. Eur J Ophthalmol. 2017;27:387-401.

Shi C, Yuan J, Zee B. Pain perception of the first eye versus the second eye during
phacoemusification under local anaesthesia for patients going through cataract surgery: a
systematic review and metanalysis. J Ophthalmol. 2019; 23: article 4106893.

Ursea R, Feng MT, Zhou M, Lien V, Loeb R. Pain perception in sequential cataract surgery:
comparison of rst and second procedures. J Cat&Refract Surg. 2011;37:1009-14.
L.Jiang,K.Zhang,W.Heetal .Perceived pain during cataract surgery with topical anesthesia: a
comparison between first-eye and second-eye surgery. J Ophthalmol. 2015;2015: Article ID
383456, 6 pages.

Zhu X, Wol D, Zhang K, etal. Molecular inflammation in the contralateral eye
after cataract surgery in the first eye. Investigative Opthalmology & Visual Science.
2015;56(9):5566-73.

Crosby NJ, Shepherd D, Murray A. Mechanical testing of lid speculae and relationship to
postoperative ptosis. Eye (Lond). 2013;27(9):1098-101.

Singh SK, Sekhar GC, Gupta S. Etiology of ptosis after cataract surgery. J Cataract Refract
Surg. 1997;23:1409-13.

Paris GL, Quickert MH. Disinsertion of the aponeurosis of the levator palpebrae superioris
muscle after cataract extraction. Am J Ophthalmol. 1976;81(3):337-40.

Bouffard & Dean M. Cestari (2018) Diplopia after Cataract Extraction, Seminars in
Ophthalmology, 33:1, 11-16. https://doi.org/10.1080/08820538.2017.1353806.

Nayak H, Kersey JP, Oystreck DT, Cline RA, Lyons CJ. Diplopia following cataract sugery:
A review of 150 patients. Eye. 2008;22:1057-64. https://doi.org/10.1038/sj.eye.6702847.
Dempsey GA, Barrett PJ, Kirby 1J. Hyaluronidase and peri- bulbar block. Br J Anesthes.
1997;78:671-4.

Samuel Williams G, Radwan M, Menon J. Cataract surgery planning in amblyopic
patients—which eye first? Awareness of the potential for post-operative diplopia amongst
consultant ophthalmic surgeons in Wales. Ulster Med J. 2013;82(2):82—4.

Norregaard JC, Thoning H, Andersen TF, et al. Risk of retinal detachment following cat-
aract extraction: results from the International Cataract Surgery. Outcomes Study. Br J
Ophthalmol. 1996; 80:689-693.

Coppé AM, Lapucci G. Posterior vitreous detachment and retinal detachment following cat-
aract extraction. Curr Opin Ophthalmol. 2008;19(3):239-42.


http://dx.doi.org/10.1080/08820538.2017.1353806
http://dx.doi.org/10.1038/sj.eye.6702847

Timing of Cataract Surgery ®)

Check for
updates

Alfonso Vasquez-Perez, Christopher Liu and John Sparrow

Cataract surgery not only improves quality of life, reduces risk of falling and car
crashes but also reduces the long-term mortality risk by 40 percent compared to
those not undergoing surgery [1-4]. While the only treatment for cataracts is sur-
gical intervention, the right time to have surgery depends on the visual require-
ments of individual patients. It is the clinician’s responsibility to educate and give
patients enough knowledge to make an independent and well-informed decision
regarding a cataract operation. The decision to have cataract surgery comes down
to whether the benefits of having the operation sufficiently outweigh the small risk
attached.

When Should Patients Be Offered Cataract Surgery?

Timing of cataract surgery is different for everyone and this question does not
have a single answer, but in addition to clinical examination, obtaining infor-
mation from patients is essential to elucidate the best plan for each person. One
example would relate to driving, a patient who drives may need cataract surgery
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earlier than someone who does not. Traditionally visual acuity has been the main
criterion used for making a decision whether or not to offer surgery. This approach
is not ideal as patients have different levels of tolerance for visual impairment
which do not necessarily correspond with visual acuity.

In an attempt to guide clinicians and patients the American Academy of
Ophthalmology has developed a list of four questions which patients should also
ask themselves to help determine if they are ready for cataract surgery as listed
below [5]:

1. Are your cataracts impacting your daily or occupational activities?

The lack of contrast and clarity can be difficult for those who need clear vision
for work, driving or who enjoy hobbies like reading, cooking or sewing.

2. Are your cataracts affecting your ability to drive safely at night?

Cataracts can cause halos around lights and difficulty seeing in low-light set-
tings, impacting the ability to safely drive at night. More advanced cataracts
can cause vision loss sufficient to fail the vision test required for a driver’s
licence.

3. Are your cataracts interfering with the outdoor activities you enjoy?
Cataracts can increase sensitivity to glare, which can be especially troublesome
for those who enjoy skiing, surfing and many other outdoor activities. Cataracts
can also cause visual differences between the eyes which can affect the dis-
tance vision golfers need.

4. Can you manage your cataracts in other ways?

People who decide to delay cataract surgery can make certain adjustments to
improve their vision, such as installing brighter lighting and contrasting colours
in their home or office, wearing polarized sunglasses and a wide-brimmed hat
to reduce glare, and using magnifying glasses to make reading easier.

These few basic queries will help to determine if seeking surgical aid for cataracts

is appropriate for individual people. For those who are drivers it is accepted that

surgery can wait if visual acuity still remains within legal requirements (20/40 in
the best eye in most countries) and they feel that the condition is not disrupting
their lives. These patients should be advised to continue regular monitoring that
can be once or twice a year and to seek an earlier consultation if they notice their
vision decreases (Fig. 1).

Stage of Cataract Development

Some patients might have the perception that surgery is only possible after a cer-
tain stage of cataract development. This belief comes from the fact that prior to
modern phacoemulsification, cataract surgery (either intracapsular or extracapsular
lens extraction) was associated with much higher risks and less predictable out-
comes. Surgeons previously advised delaying surgery until advanced stages [6].
This approach is no longer in practice, as with modern surgery the cataractous lens
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Fig. 1 Pictures that simulate
the impact of different stages
of cataract in a driver.On the
top (1) vision of the road
without any cataract present.
In the middle (2) mild to
moderate stage of cataract but
vision still remains over legal
driving requirements, surgery
at this stage can be delayed.
Bottom image (3) showed an
advance stage of cataract and
now the vision is under legal
driving requirements, surgery
in this case is required

can be removed at any stage. In fact, even a transparent crystalline lens can be
removed safely as is done for angle closure glaucoma (clear lens extraction) [7].
Once a cataract develops there is a case to not delay surgery too long as very dense
cataracts (rock-hard, brunescent, black) are more difficult for phacoemulsification
and are associated with an increased risk of complications. In addition, there are
certain cataract types which can develop faster such as posterior subcapsular or
intumescent, and patients should be informed that significant dropping in vision
may occur over just a few months.
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Patient Reported Outcome Measures (PROMSs)

Traditionally visual acuity (VA) has been used as a measure of the impact of cata-
ract on a person’s vision and a guide or even determinant of the need for surgery.
VA charts were developed for purposes of assessing and correcting refractive error
and the limitations of VA in the context of cataract assessment are well recognised
[8]. One important limitation is that VA is a measure of the performance of only
one eye at a time, VA measured with both eyes open being mostly a reflection of
the VA in the better eye. In a complex and mobile real-world visual environment,
the 100% black on white contrast target of VA fails to capture: losses of contrast
sensitivity; disturbances of colour perception; losses of stereopsis; interference to
everyday vision resulting from one eye having poor vision; and glare.

The purpose of cataract surgery is to improve vision for patients where they
need it most, i.e. in their own everyday environments. In the contexts of ‘patient
centred’” and ‘value based’ care, a whole-person measure is required for capture
of the impact of cataract on people’s everyday ‘lived experience’ of their vision.
To capture this information a structured set of questions formulated as a patient
reported outcome measure or PROM is needed. Visual difficulty can be measured
both before and after surgery using PROMs, allowing measurement of self-re-
ported preoperative visual difficulty and its relief from surgery, i.e. morbidity,
outcome and benefit gained. Similarly, health economic analyses which under-
pin value-based care and justify expenditure of public money on cataract surgery
rely on such measures. A number of psychometrically well performing cataract
PROMs exist and constitute a key requirement for service improvement in busy
high-volume surgical services [8—10].

Age and Unilateral Versus Bilateral Surgery

Other factors to consider when offering surgery are age and status of the contralat-
eral eye. With an increasingly ageing population it is important to recognise the
benefits to very elderly people of undergoing cataract surgery, there is ample evi-
dence of favourable outcomes to support this practice [11]. Young patients with-
out presbyopia can also present with cataracts, frequently secondary to trauma,
uveitis, steroids, post retinal detachment surgery, and previous congenital cat-
aracts that have progressed. In individuals leading an active life, who may also
have demanding work requirements, surgery may be required at earlier stages of
cataract development. Despite the possibility of relatively good visual acuity, the
impact of cataracts on their activities can be significant. When planning surgery
in young patients (either unilateral or bilateral), thorough counselling regarding
the loss of accommodation with monofocal intraocular lenses should be provided.
When dealing with unilateral cataracts using a monofocal lens, it is common
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practice to aim for mild myopia (—0.5 to —1.0 dioptres) to compensate the lack of
accommodation. This approach may work similarly to mini-monovision when the
healthy eye is emmetropic or patients are able to wear a unilateral contact lens.
Mini-monovision has proved to be effective in presbyopics for tasks like com-
puter work or looking at a mobile phone screen, without compromising stereop-
sis [12]. Unilateral multifocal intraocular lenses remain controversial, although
successful reports exist following careful selection and counselling regarding
glare and halos to prevent dissatisfaction [13, 14]. In the presence of bilateral
cataracts, the threshold for second eye surgery independently of age is usually
lower than the first eye due to the need to restore binocular balance and to cor-
rect anisometropia. Surgery for the second eye is normally performed a few weeks
after the first eye once recovery of the first operated eye has been confirmed. In
most centres, patients require only one preoperative assessment when surgery is
planned for both eyes and in uncomplicated cases postoperative follow-up can
be made by a trained ophthalmic nurse or optometrist instead of an ophthalmol-
ogist. Immediately sequential bilateral cataract surgery (ISBCS) offers the short-
est visual rehabilitation however it has not been adopted as a standard treatment
mainly due to concerns regarding the theoretical risk of bilateral endophthalmitis
[15, 16].

Timing of Surgery in the Presence of AMD

Many patients are afflicted by both cataracts and age-related macular degeneration
(AMD). While both conditions decrease visual acuity, cataracts can be “cured”
by surgery. Exudative neovascular AMD can also be treated nowadays by intra-
vitreal anti-vascular endothelial growth factor injections (Anti-VGEF) with effec-
tive results compared with the pre anti-VGEF era [17, 18]. Dry AMD however
has no effective treatment but progression until geographic atrophy is usually
very slow. In AMD patients, cataract surgery can equally be offered when cata-
racts become visually significant, but patients should be warned regarding realis-
tic visual prognosis according to their stage of macula disease. Multiple studies
have demonstrated that cataract surgery can improve visual acuity significantly
in patients affected by AMD [18-20]. Even in wet AMD accompanied by retinal
fluid on OCT cataract surgery has been shown as effective without worsening of
the underlying neovascular process [20, 21]. Therefore surgery can be offered to
AMD patients who are undergoing intravitreal treatment and additionally removal
of the opaque lens will improve visualisation of the retina. Similarly, this applies
to other retinal conditions like diabetic retinopathy or choroidal tumours when
adequate visualisation is paramount for diagnosis and treatment. Cataract surgery
in patients undergoing anti-VGEF therapy is recommended to be done at least two
weeks apart from intravitreal injections [19, 20].
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Narrow Angles and Angle Closure Glaucoma

Angle closure disease is recognised as a significant health issue particularly in
China and Asian countries. These populations are prone to develop occludable
angles. An increase of more than 50% in the incidence of angle closure glaucoma
(ACQG) is predicted by 2040 [22]. Crystalline lens thickness increases as part of
ageing and angle closure becomes more likely in predisposed eyes with narrow
angles. Cataract surgery deepens the anterior chamber and mechanically opens
the iridocorneal angle, simultaneously lowers the intraocular pressure by increas-
ing aqueous outflow [23, 24]. The benefits of early cataract surgery and clear lens
extraction (CLE) in early glaucoma have been documented in various studies [24—
27]. CLE has also been proved to be superior to laser peripheral iridotomy (PI)
in angle closure both for ocular pressure control and patient reported quality of
life [26]. However, in patients with clear lens and narrow angles without the pres-
ence of glaucoma or a pressure above 30 mmHg the benefit of clear lens extraction
(CLE) against traditional laser peripheral iridotomy has not been clearly demon-
strated [25]. Among the drawbacks for CLE in this group of patients is the unpre-
dictable refractive outcome as large deviations from the target refraction have
been reported [26]. Emmetropia becomes more difficult to achieve in these eyes
because of the anatomical features including short axial length, shallow anterior
chamber and an anteriorly positioned lens. On these grounds, patients with nar-
row angles and glaucoma who present with cataracts can be considered for early
removal.

Fuchs Corneal Endothelial Dystrophy

The presence of a cataract in patients with Fuchs endothelial corneal dystrophy
(FECD) introduces a challenge as cataract surgery which is expected to improve
vision can also trigger corneal decompensation. In addition, blurred vision, glare
and loss of contrast sensitivity may be caused by corneal deterioration but can also
be simply signs of cataract development. Traditionally central corneal thickness
(CCT), endothelial cell density and less commonly corneal back scatter which
correlate with disease severity have been proposed as factors that can help iden-
tify risk of corneal decompensation when cataract surgery is required. However,
the predictive value of these data has not been found to be satisfactory for clini-
cal decision making [28-30]. Moreover recent improvement in endothelial corneal
transplantation techniques, specially Descemet membrane endothelial keratoplasty
(DMEK), and the higher expectations for postoperative visual outcomes have
motivated earlier interventions in these patients.

The decision whether to perform phacoemulsification alone versus a combined/
staged procedure including endothelial keratoplasty is a common challenge as cur-
rently there are no simple indicators for prediction of corneal failure. In clinical
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practice the prognosis in these patients is frequently based on subjective clinical
judgement. The American Academy of Ophthalmology preferred practice pattern
identified among others a CCT greater than 640 microns as a risk factor for cor-
neal decompensation following cataract surgery in FECD [31]. This criterion still
remains a commonly adopted cut-off value for decision making whether to per-
form cataract surgery alone or in combination with keratoplasty despite emerging
novel scoring systems based on Scheimpflug imaging [30, 32]. But regardless of
the corneal thickness, the presence of central confluent guttata with an undulat-
ing posterior corneal surface can degrade visual quality significantly and com-
bined/staged surgery with endothelial keratoplasty could be recommended in these
cases [29].

As there is also a correlation between endothelial cell loss and surgical time,
lens density and ultrasound power, in the presence of visually significant cataract
early intervention is often advocated in FECD [33]. Clinicians should however
remember that even patients in whom only cataract surgery is planned must be
warned about the possibility of requiring endothelial keratoplasty to obtain full
visual rehabilitation. In order to minimise the risk of corneal decompensation a
cohesive-dispersive soft-shell technique may be helpful when cataract surgery is
performed in patients with FECD [34].

Previous Corneal Transplantation

Patients with cataracts and previous corneal transplantation should have a similar
approach for those with FECD or other conditions with low endothelial cell den-
sity [35, 36]. Because endothelial keratoplasty is uncommon in phakic patients,
most corneal graft patients requiring cataract surgery may have previously
had either penetrating keratoplasty (PK) or deep anterior lamellar keratoplasty
(DALK). Multiple studies have shown that phacoemulsification and intraocu-
lar lens implantation in patients with well-functioning grafts is similarly safe and
effective as in eyes without grafts [36, 37]. History of previous rejection episodes
(which in DALK endothelial rejection is absent), as well as central corneal thick-
ness and endothelial cell density should be assessed in order to determine the risk
of postoperative graft failure and the impact on long-term graft survival.

In any type of corneal graft if the transparency is good enough for safe
phacoemulsification, earlier rather than late-stage cataract intervention would
allow for lower phaco power. Incisions that compromise graft host junction should
be avoided in which case scleral tunnel incisions should be constructed. Low bot-
tle height is preferable as it has been shown that lower IOP intraoperatively is
less harmful to the corneal endothelium [38]. Other factors to be considered in
the preoperative surgical plan include, anterior chamber depth, iris configuration,
integrity of the zonules, biometry, and refractive outcome. In the presence of high
cylinder or irregular astigmatism regardless of corneal transparency triple proce-
dure with repeat PK, open sky extracapsular cataract extraction (ECCE) and IOL
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implantation may be preferable. Intraoperatively, viscoelastic soft-shell technique
is helpful to minimise endothelial cell loss, but patients should be warned about
the possibility of endothelial failure. Finally in the event of postoperative corneal
graft failure, modern techniques of Decemet membrane endothelial keratoplasty
(DMEK) and Descemet stripping automated endothelial keratoplasty (DSAEK)
have been shown to be effective to restore the transparency of the graft [39].
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Risk Stratification ()

Check for
updates

Ahmed Shalaby Bardan, Christopher Liu and John Sparrow

What is risk stratification? Simply, not all cases of cataracts are the same and some
cases will be more prone to develop complications because of the technical dif-
ficulty and/or structural weakness of tissues (for example, the pseudo-exfoliation
cataract with poorly dilating pupil, weak zonules, and association with glaucoma).
These are called high risk cases. Risk stratification is a tool for identifying or pre-
dicting which patients are at high risk of surgical complications, in this case in
cataract surgery. By analysing a large database of patients undergoing cataract
surgery, counting incidence of complications and studying the characteristics of
affected patients and their eyes, it has been possible to quantify risks related to
various risk factors [1].

The importance of being able to quantify the cumulative risk for a given risk
profile is twofold. Firstly, patients can be given bespoke information regarding the
risk of this complication arising during their cataract operation, so that the consent
process is properly informed and patients may make better judgements on the ‘risk
to benefit’ ratio for themselves, and secondly, surgical teams can adopt strategies
to reduce the risk for high-risk individuals by ensuring, for example, that an expe-
rienced senior surgeon performs the operations for high-risk cases.

Case complexity, or case mix, in cataract surgery has become even more impor-
tant in the current decade as there is a trend towards creaming off routine cases
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for waiting list initiatives and for treatment centres. These routine cases will take
less time to carry out. Surgeons operating on these could be less competent and
yet would still have good outcome statistics. Traditional NHS providers may then
be left with more complex cases, not just from the point of view of the eye. This
will have a deleterious effect on both hospital and surgeon statistics. The cost per
case also will be higher (more time, increased use of more expensive devices,
higher risk of complications requiring vitrectomy equipment, higher risk of retinal
detachment and endophthalmitis requiring further admission and treatment, etc.).

The same surgeon may have different statistics in different NHS hospitals and
in private hospitals because of the difference in case mix. And it goes without say-
ing that the best surgeons specialising in complex cases may have poor statistics
compared with their less able peers because of the case mix. The Royal College of
Ophthalmologists’ National Ophthalmology Database (NOD) has partially tackled
this problem by introducing case complexity adjustment models from historical
data which will be reviewed every few years. It aims at adjusting for the complex-
ity of a surgeon’s or Centre’s case load, so as to have as fair as possible compar-
isons. This will give credit for taking on complex operations and no benefit from
avoidance of doing difficult cases.

NOD was established to provide national audit and research data, and to pro-
vide an evidence base for revalidation standards allowing Ophthalmologists to
compare their surgical outcomes with those of their anonymised peers. The NOD
audit collects data on cataract surgery performed in England and Wales and pro-
vides individual surgeons, healthcare providers and the public with benchmarked
reports on performance, with the aim of improving the care provided to patients.

Risk of Posterior Capsule Rupture or Vitreous Loss
or Both

Posterior capsular rupture or vitreous loss or both (abbreviated in the NOD as
PCR), is the most common intraoperative complication during cataract surgery. It
is important as it is associated with the need for additional surgical procedures,
a greater number of follow-up visits and increased frequency of postoperative
complications, which may adversely affect the final visual outcome. It is widely
regarded as the benchmark complication to judge the quality of cataract surgery.
As the overall rate of PCR is low, prospective identification of preoperative risk
factors for PCR is difficult but, if achieved, has the potential to improve informed
consent for patients and for surgeons to modify their surgical strategies.

A prospective cohort study of 55,567 participants found that those with the fol-
lowing preoperative characteristics had higher odds of developing PCR during cat-
aract surgery (see Table 1) [2].

When compared with those operated on by a consultant, people who were
operated on by a surgeon in training, e.g. fellow or trainees had higher odds of
developing PCR during cataract surgery but could not differentiate the odds for
associate specialist or staff grade surgeons.
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Table 1 Preoperative Risk factor Adjusted OR

characteristics and odds ratio (95% CT)

of developing PCR Male 1.10 (1.03, 1.18)
80-89 1.15(1.01, 1.32)
Pupil medium 1.21 (1.09, 1.34)
Glaucoma 1.23 (1.10, 1.38)
Previous vitrectomy 1.40 (1.10, 1.79)
90+ 1.56 (1.30, 1.88)
Senior trainee (Fellow and SPR) 1.71 (1.59, 1.85)
No fundal view/vitreous opacities 1.72 (1.33, 2.22)
Pupil small 1.72 (1.48, 1.99)
Other 1.83 (1.60, 2.10)
pseudoexfoliation syndrome/phacodonesis 2.51(2.07,3.04)
Junior trainee 2.85(2.53,3.20)
Brunescent/white cataract 3.36 (2.95,3.82)

Regarding age, they found that when compared with those aged under 60 at the
time of surgery, people over 70 had higher odds of developing PCR during cata-
ract surgery but could not differentiate the odds for ages 60-69. [2]

The same study reported that people who used doxazosin or were unable to lie
flat for the operation had higher odds of developing PCR during cataract surgery. [2]

Risk Stratification Tools

There exists a number of risk stratification scoring tools that use risk of PCR as
the main complication related to the presence of a risk factor. Muhtaseb, et al. and
Habib et al. have made an excellent start with demonstrating that a simple scoring
system works for predicting per-operative complications in cataract surgery. Both
systems are based on the same principle of allocating points for individual risk
factors thought to increase the likelihood of a complication during surgery. The
points are then summated to provide an overall score for each patient preoperative-
ly-that is, a potential complication score. The points allocated to each risk factor
using each system are shown in Table 1.

Both methods utilize data that is easily assessed in an outpatient setting without
necessitating further investigations [3, 4] (Table 2).

Another scoring system was published by Najjar and Awwad [5]. Moderate-
quality evidence from 1 retrospective cohort study of 1,883 participants found that
those with a cataract risk score of>6 as determined using the Najjar-Awwad risk
stratification algorithm have a clinically meaningfully increased risk of complica-
tions during cataract surgery.
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Table 2 Point allocation for risk factors using Muhtaseb’s [3] and Habib’s [4] scoring systems

Risk factor

Score allocated

Muhtaseb’s scoring system

Habib’s scoring system

Miscellaneous risk assessed by the
surgeon (e.g., poor position of eye/
patient)

1

Unable to lie flat (spinal deformity,
asthma, heart failure)

Severe anxiety

Head tremor

Previous angle closure glaucoma

History of complication in fellow eye

Previous vitrectomy

Corneal scarring/cloudiness

Shallow anterior chamber

Poor pupillary dilation and/or
posterior synechiae

— == === ==

Pseudoexfoliation

Phacodonesis/weak zonules

High ametropia (>6 D myopia or
hyperopia)

High myopia (axial length>27 mm)

High hypermetropia (axial length <20
mm)

Age>88 years

Nuclear density grade 1-2

Nuclear density grade 3

Mature/brunescent/white/dense/total
cataract

W N =

Posterior capsule plaque

1

Posterior polar cataract

1

Muhtaseb et al. describe the additional step of arranging patients into risk groups, where patients
scoring 0 are in group 1, patients scoring 1-2 are in group 2, patients scoring 35 are in group 3,

and patients scoring >6 are in group 4

The NOD undertook an analysis involving around 180,000 cataract operations
and identified a set of risk factors which are used to risk adjust surgeon and Centre
outcomes in the National Cataract Audit. Based on these analyses risk models
were produced for both intraoperative PCR (as defined above) and Vision Loss
associated with cataract surgery (a doubling or worse of the visual angle from
before to after the surgery) [6]. These risk models are freely available to registered
surgeons on the NOD website in the form of downloadable spreadsheet calculators
(https://www.nodaudit.org.uk/analysis). The advantages of their use for patients,
surgeons and service providers have been noted above (Table 3).
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Table 3 Risk factors used in the National Ophthalmology Database (NOD) Audit for case com-
plexity adjustment of surgeon and Centre outcomes

PCR

‘ VA loss

Person and eye

Grade of surgeon

Pre-operative VA

Age

Age

Index of multiple deprivation

PCR

Not able to lie flat

Sex

Eye treated (Ist vs. 2nd)

Presence of an ocular co-pathology

Amblyopia Age-related macular degeneration
Brunescent/white cataract Amblyopia
Diabetic retinopathy Corneal pathology

High myopia Diabetic retinopathy
No fundal view/vitreous opacities Glaucoma
Optic nerve/CNS disease High myopia

Other macular pathology

Inherited eye disease

Previous trabeculectomy

Other macular pathology

Psuedoexfoliation/phacodenesis

Other retinal pathology

Unspecified other co-pathology

Previous vitrectomy surgery

Unspecified other co-pathology

Shortcomings of the Current Risk Stratification Tools

Scoring systems available use binary questions for individual risk factors rather than
a grading system. There are time consuming factors which can increase the time
needed for surgery but not the difficulty, like difficult patient positioning for exam-
ple which can push up theatre time as opposed to actual surgical time and difficulty.

The surgical ability is an important factor not entirely dependent on the sur-
geon’s grade. Some trainees have very high surgical skills that surpass some of the
consultants.

It is also noteworthy that other factors can affect outcomes of cataract surgery
for example; quality of biometry, pre-assessment, experience, caliber and harmony
of ward and theatre staff, the standard of equipment, adequate maintenance of
equipment, quality of devices, cleaning and sterilisation, and so on.

Recommendations

Consider using a validated risk stratification algorithm for people who have been
referred for cataract surgery, to identify people at increased risk of complications
during and after surgery.
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Explain the results of the risk stratification to the person and discuss how it
may affect their decisions.

To minimise the risk of complications during and after surgery, ensure that sur-
geons in training are closely supervised in terms of case selection and operative
oversight. More experienced trainees should have their case complexity gradually
increased towards higher complexity surgery in line with their skills development.
Extreme caution should be adopted in regard to people for whom the impact of
complications would be especially severe (for example, people with only one
functional eye).

Assign the more difficult cases to a more experienced consultant and allocate
extra time in the operating theatre. Using case complexity adjustment models will
ensure fair comparisons.

Explain to people who are at risk of developing a dense cataract that there is
an increased risk of complications if surgery is delayed too long and the cataract
becomes very dense.
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Choice of Anaesthesia ()

Check for
updates

Richard M. H. Lee and Tom Eke

The term ‘anaesthesia’ is used to describe techniques to control the patient’s pain
and unwanted movement during surgery. For the eye surgeon, the main compo-
nents are analgesia (reduction or elimination of pain) and akinesia (reduction or
elimination of movement). General anaesthesia techniques (involving loss of con-
sciousness, and amnesia) were first discovered in the mid 1800s, and local anaes-
thesia (allowing painless surgery with the patient awake) in the late 1800s. Prior
to this, surgeons (including cataract surgeons) needed strong assistants to hold the
patient as still as possible, and relied on alcohol and/or plant extracts in an attempt
to minimise surgical pain and its associated movements. The first recorded modern
use of local anaesthetic was in 1884, with cocaine extract used for eye surgery.
By the end of 1884, eye surgeons had already described using cocaine for retro-
bulbar, peribulbar, sub-Tenon’s, topical and topical-intracameral anaesthesia [1].
These techniques have been refined and improved, though the principles remain
the same. Patient anxiety, if present, can be controlled with anxiolytic medications
and/or intravenous sedation.

In the United Kingdom (UK) and many other countries, the vast majority of
cataract surgery is done using local anaesthesia (LA) techniques. However, there
will always be patients who are unsuitable for standard LA, and these patients
may need general anaesthesia (GA), or intravenous (IV) sedation, or specialized
LA techniques. The process of preparing a patient for surgery should include the
choice of anaesthesia, and this process should be a team effort involving the sur-
geon, nursing and theatre staff. An anaesthetist (anesthesiologist) is mandatory for
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cataract cases requiring GA or IV sedation, and many other LA cases will bene-
fit from (or require) the assistance of an anaesthetist. The choice and provision of
anesthesia is the subject of UK national guidelines on cataract surgery and intraoc-
ular surgery [2—4]. Some other countries have national guidelines for cataract sur-
gery that include mention of anaesthesia, but the UK is presently the only country
to have a national guideline dedicated to LA for intraocular surgery [3].

Brief Description of Techniques

The techniques are described in brief, as there is no substitute to hands-on learning
from an experienced practitioner.

General anaesthesia (GA). For much of the 20th century, GA was used for
the majority of cataract surgery. General anaesthesia should give ‘perfect’ oper-
ating conditions, in that the patient is unconscious with no memory of the surgery
(amnesia) and the globe is free of movement (akinetic). For surgical training, GA
allows free conversation between trainer and trainee, because the patient cannot
overhear the discussions. For example, the trainer can point out the dangers of a
surgical manoeuvre, without risk of causing the patient distress. However, a GA
approach uses a large amount of resources, in terms of time, personnel, and use of
hospital beds and has its own risk profile including life threatening complications.
Improved surgical techniques have therefore allowed LA to become the default
anaesthetic technique for cataract surgery nowadays [3].

General anaesthesia is now reserved for cataract patients who really need it—
for example children, patients with severe psychological/emotional problems,
patients with learning difficulties or dementia who cannot co-operate, extreme
anxiety, uncontrolled movement disorders, etc. While many GA cataract patients
can now be managed as day-cases, it is often necessary to keep a GA patient in
hospital overnight following surgery. Discussion of the necessary preparation and
technique of GA is beyond the scope of this chapter.

Retro-bulbar anaesthesia (RBA). This technique tends to be mentioned first
in lists of LA techniques, partly because it was the main LA technique used for
the first part of the 20th century. RBA provides good analgesia, and the extra-oc-
ular muscles are blocked, thereby providing good akinesia in addition. However,
RBA is also considered to be the LA technique that carries the highest risk of
sight-threatening or life-threatening complications. Serial national surveys show
that RBA has largely fallen out of use for cataract surgery in the UK [5] although
RBA is still widely used in some other countries. In 2017, the UK National
Institute for Health and Care Excellence (NICE) published a guideline on Cataract
in Adults, which stated ‘do not offer RBA for people having cataract surgery’ [4].

The technique of RBA involves using a sharp needle to inject the LA into the
orbit, behind the eyeball [6]. Another term for RBA is the ‘intra-conal’ LA block,
because the needle tip is aimed behind the eyeball, within the ‘cone’ of the four
rectus muscles. The technique gives good analgesia and akinesia, albeit with a
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small risk of serious complications. The main ‘sight-threatening’ complications
are needle damage to the globe or optic nerve, or severe arterial bleeding into the
orbit. The risk of globe perforation is much increased with larger (myopic) eye-
balls, posterior staphyloma, abnormal globe-orbit relationship, longer needles, and
gaze directed away from the needle. Needle damage to the optic nerve may also
cause partial or complete blindness. Vision may be lost due to a vascular occlu-
sion or without obvious cause (‘wipe-out’). Inadvertent injection of LA under
the coverings of the optic nerve will allow the LA to track back to the brain. This
‘brainstem anaesthesia’ can present within seconds or minutes of RBA, with loss
of consciousness, apnoea, epileptic fitting, labile blood pressure and hypotension.
With immediate life support and transfer to an intensive care unit, most patients
will recover [3].

Peri-bulbar anaesthesia (PBA). In this technique, a sharp needle is also used
for orbital injection but unlike with RBA, the needle is aimed away from the eye-
ball and muscle cone—an ‘extraconal’ injection [6]. Again, there is a good sensory
and motor ‘block’, providing good analgesia and akinesia. Some practitioners sug-
gest using two injections, one from the infero-temporal orbit and another medi-
ally. However, the volume of the first injection may push the globe medially, and
increase the likelihood of a globe perforation [7]. Many clinicians believe that
PBA is less likely to cause severe complications, compared to RBA, though all
of the sight-threatening and life-threatening complications of RBA have also been
reported with PBA. A 1996 survey found that 2% of UK ophthalmologists had
experienced a patient death due to LA—at that time, almost all LA had been either
RBA or PBA [8].

For those few cataract patients who require a needle block to the orbit, PBA is
preferred to RBA. The UK guidance from NICE is that most adult cataract patients
should have either sub-Tenon’s or topical LA (see sections below), but ‘if both
sub-Tenon’s and topical (with or without intracameral) anaesthesia are contraindi-
cated, consider peribulbar anaesthesia’ [4]. Current advice for administering PBA
is to use a short needle and to administer only one injection, which should be in
the far infero-temporal quadrant or (preferably) via the medial canthal area [9].

Sub-Tenon’s anaesthesia (STA). This technique uses a blunt cannula (non-nee-
dle approach) to deliver the LA to the retrobulbar space, thereby avoiding the risks
inherent to needle LA blocks. Again, there can be a good block with analgesia and
akinesia though larger volumes of LA (around 3.5 ml or more) are needed for aki-
nesia. Many cataract surgeons feel that STA gives the best balance of globe aki-
nesia, analgesia and patient satisfaction together with a low risk of anaesthetic
complications. The 2013 UK national survey showed that STA was used for over
50% of LA cataract operations in the UK [5]. The 2017 NICE guideline states that
UK surgeons should ‘offer sub-Tenon’s or topical (with or without intracameral)
anaesthesia for people having cataract surgery’ [4].

Most clinicians will use a specially designed metal sub-Tenon’s cannula (e.g.
Stevens or Eagle type), though it is possible to use other types of blunt metal
cannulae, or the plastic part of an intravenous cannula. The blunt cannula means
that the risks of needle blocks appear to be much reduced though not completely
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eliminated [10]. Cases of globe perforation have been described e.g. eyes with thin
sclera, or attempted dissection in eyes with Tenon’s scarring. If the metal cannula
is directed very posteriorly, it can damage the short posterior ciliary arteries near
to the optic nerve insertion, and cause ischemia of the optic nerve head or choroid.
Advancing the metal cannula a little further still will risk optic nerve trauma and
even brainstem anaesthesia: deaths have been reported with STA, as well as with
sharp needle blocks.

Most clinicians will use spring-scissors to make a small ‘snip’ in the conjunc-
tiva and Tenon’s layer, in order to pass the cannula into the sub-Tenon’s space.
A good technique is to make the snip about 5 mm posterior to the limbus in
the infero-nasal quadrant, exposing the bare sclera, and to pass the cannula just
behind the equator before slowly injecting [11] (Fig. 1). Instead of using scis-
sors, it is possible to make the initial hole with a pencil-point type instrument
(e.g. lacrimal dilator or a ‘conjunctival probe’ (Blink Medical, Solihull, UK).
Experienced clinicians may employ a ‘no snip’ STA technique, in which the
metal cannula is pushed directly through conjunctiva and Tenon’s, without the
need for scissors or probe [12].

Topical anaesthesia (TA) and Topical-intracameral anaesthesia (TA-ICA).
This means administering the LA topically, to the front of the eye. Most clinicians
use LA eye-drops although it is also possible to use an LA gel [6]. Topical anes-
thesia means that all the risks of needle or STA blocks are avoided. However, there
is no akinesia with TA, meaning that the eye may be mobile and this could poten-
tially cause a surgical complication.

Topical anaesthesia is frequently augmented with additional LA that is placed
into the anterior chamber at the start of surgery [13]. This is termed intra-cameral
anaesthesia (ICA). The ICA can be given as a solution of lidocaine (which must
be without preservative), or it can be combined with viscoelastic (e.g. Visthesia®,
Carl Zeiss Meditec, Jena, Germany). Despite initial concerns, studies have shown
that intracameral lidocaine is safe for the corneal endothelium [13].

Some practitioners will use a LA injection to block the facial nerve, in order
to minimize lid squeezing with TA. With a modern lid speculum, a facial nerve
block is usually unnecessary and many TA practitioners never use lid blocks. If a
lid block is felt to be necessary, it is preferable to use the ‘van Lint’ block, which
involves injection to the orbicularis muscle, behind the lateral orbital rim. More
proximal blocks to the facial nerve (nearer to the ear) are more likely to have seri-
ous complications than the van Lint block.

If using gel for TA, then it is important to think about the efficacy of the pre-op-
erative iodine solution. Iodine (or equivalent) is routinely used to sterilize the
conjunctiva prior to surgery. However, if gel is used for TA then it may form a
physical barrier to commensal bacteria and prevent the iodine from reaching them.
Therefore, if using gel TA it is important to instill iodine prior to the gel, or alter-
natively one should rinse the gel carefully from the conjunctival fornices before
applying the iodine. Most practitioners find it most expedient to simply use LA
drops prior to instilling iodine and not use gel LA at all.
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Fig. 1 Sub-Tenon’s
anaesthesia. a Instruments
are round-ended spring
scissors (e.g. Westcott)

and conjunctival forceps

(e.g. Moorfields). Local
anaesthetic and iodine

drops are instilled; a lid
speculum may be used. A
small cut (snip) is made in
the conjunctiva & Tenon’s
layer, about 5mm behind the
limbus, in the infero-nasal
quadrant. This will expose the
bare sclera and allow access
to the sub-Tenon’s space (b,
¢) the sub-Tenon’s cannula

is advanced, following the
curvature of the sclera, to just
behind the equator d local
anaesthetic is slowly injected,
and the cannula is withdrawn
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Because TA and TA-ICA techniques do not affect the extra-ocular muscles, it is
possible for the eye to move during surgery. Surgeons can use this to their advan-
tage by instructing the patient to keep looking toward the microscope light and this
will help to minimise kinesia while keeping the eye ‘on axis’, facilitating the oper-
ation. This ‘mobile eye’ can be particularly useful for patients who cannot adopt
a standard position under the operating microscope e.g. those with orthopnea or
kyphosis. However, a small proportion of patients are unable to keep the eye still
and in these rare cases it is possible to give additional anaesthesia via STA ‘on the
table’. If a TA patient complains that the light is too bright, it is usually adequate
to simply dim the microscope light, then brighten it again after a minute or so.

There has been some debate as to whether TA may be associated with an
increased rate of surgical complications, because of the potentially ‘mobile eye’.
Proponents of TA may argue that TA makes surgery easier, because a ‘block’ LA
from STA or PBA may contribute to vitreous bulge, and the immobile eye may not
be on axis. A review of publications that compared ‘block’ LA with TA or other
‘kinetic’ LA found no difference in posterior capsule rupture rates [14].

Subconjunctival LA. A subconjunctival injection of 0.5-1 ml of LA can be
given by the surgeon at the start of cataract surgery. This technique was reasonably
common when scleral tunnels were used for phacoemulsification. Now that most
surgeons use clear corneal incisions, subconjunctival LA is rarely required for cat-
aract surgery. The technique is useful for glaucoma surgery (e.g. trabeculectomy),
in cases where akinesia is not required.

Anxiolytics, and intravenous sedation. It is to be expected that most or all
patients will have a degree of anxiety regarding their cataract surgery. In most
cases, this anxiety can be much reduced by a careful pre-operative explanation of
the process of cataract surgery. Most patients appreciate having a person’s hand
to hold during the surgery, with instructions to ‘squeeze my hand if you have any
discomfort or concerns’.

Most patients can be managed with explanation, but some will need pharma-
cological anxiolysis or sedation. For anxiety, many patients will be happy with a
low dose of an oral benzodiazepine (e.g. diazepam 5 mg). If intravenous sedation
is required, then an anaesthetist must give this, with appropriate backup measures
in place [3].

What Anaesthetic Drugs Can Be Used?

Lidocaine (previously known as lignocaine) is the mainstay drug for LA in eye
surgery. It can be given as an injection for STA or PBA block. If used for ICA
it is important that the lidocaine should be a preservative-free solution. Standard
strengths of lidocaine are 1% and 2%. Bupivacaine has a longer period of action,
so may be useful for blocks in cases that are expected to take a long time although
this is rarely the case for cataract surgery. For TA, surgeons can use proxymet-
acaine (proparacaine), lidocaine, oxybuprocaine or tetracaine. However there is a
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risk of corneal epitheliopathy with tetracaine that may require surgery being post-
poned to a later date [5].

Historically, adrenaline (epinephrine) was frequently added to the LA mix-
ture for needle blocks. However, this gives no real advantage and could poten-
tially cause ischaemia in vulnerable globes (e.g. some types of glaucoma, risking
‘wipe-out’) and therefore adrenaline is best avoided. Hyaluronidase is an enzyme
that aids penetration of the LA mixture through the orbital tissues. It allows faster
onset of akinesia, and appears to reduce the likelihood of extra-ocular muscle
damage and diplopia following ‘block’ LA. However, patients can occasionally
develop a severe orbital inflammation following the use of animal-derived hya-
luronidase, and this can be sight-threatening [15]. In some countries (e.g. USA)
it is possible to obtain hyaluronidase that is made with recombinant DNA tech-
nology, and this appears to have a much lower risk of hyaluronidase orbitopathy.
The NICE guideline on cataract surgery [4] states ‘Consider hyaluronidase as an
adjunct to sub-Tenon’s anaesthesia, particularly if trying to stop the eye moving
during surgery’ [4].

Intracameral lidocaine will dilate the pupil, though the effect is not sufficient
to replace the pre-operative mydriatic drops in routine cataract surgery. Mixtures
of lidocaine and mydriatics are more effective, though they take time to work (up
to 90 s) and the pupil may not be as large as with standard pre-operative drops.
A commercially available solution, Mydrane® (Thea Pharmaceuticals, Clermont-
Ferrand, France), comprises lidocaine 1%, tropicamide 0.02% and phenylephrine
0.31% [16]. Some clinicians use Mydrane instead of pre-operative dilating drops
and standard ICA, others use it in the management of small pupil and intra-opera-
tive floppy iris syndrome.

Complications of LA Techniques and Reducing the Risk

The main complications of LA have been discussed above: sharp needles can
cause sight-threatening complications by needle penetration of globe or optic
nerve, or severe arterial bleeding, known as orbital haemorrhage or retrobul-
bar haemorrhage [6]. Blunt-cannula STA will reduce but not eliminate this risk
[6, 10]. Vascular occlusions have been reported with both PBA and STA [17].
Brainstem anaesthesia has been reported with sharp needle blocks but also with
STA and deaths have occurred [18, 8]. LA techniques may also cause diplopia
from direct damage to the muscle or toxicity towards the LA agent used. There
are some patient characteristics that may increase the risk of sight-threatening LA
complications and the clinician should be aware of these when choosing the anaes-
thesia for the patient.

Severe arterial bleeding (orbital haemorrhage) may occur with needle blocks.
It presents as an increasing proptosis and hard orbit, usually with some obvious
bleeding into the orbit or under the conjunctiva. Milder cases can be managed with
counter-pressure to the orbit and observation. Some give osmotic agents such as
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acetazolamide or mannitol. More severe cases may require a lateral canthotomy
and/or cantholysis [19]. This complication occurs almost exclusively with nee-
dle blocks, though it appears to be less likely if the needle is used in the far infe-
ro-temporal or medial approach [3]

Myopic eyes are usually significantly larger than average, as evidenced by the
axial length measurement in the biometry printout. Clinicians should remem-
ber that these eyes are also wider than average and very myopic eyes are highly
likely to have a posterior staphyloma [20]. These staphylomas are often in the
infero-temporal part of the globe, meaning that highly myopic eyes are at a much
greater risk of globe perforation when needle LA is used [21]. Therefore it would
be preferable to avoid using a needle block for these eyes and if absolutely neces-
sary, the medial canthal approach with a short needle should minimize the risk of
perforation [9].

Eyes with scleral thinning and/or conjunctival scarring may be unsuitable for
STA because of the risk of globe perforation. In eyes with progressive scarring
problems (e.g. pemphigoid), STA should be avoided because it may exacerbate
the scarring. Thin sclera (e.g. patients with rheumatoid disease or scleritis) could
potentially be ruptured by a metal sub-Tenon’s cannula [22]. If there has been pre-
vious squint surgery or retinal surgery, particularly if there has been a plomb or
encircling band, it may be difficult or impossible to dissect the layers to give a
STA block. Globe perforation has been described when attempting to dissect past
an encircling band [23]. An encircling band may make the eyeball more ‘hourglass
shaped’, mimicking or exacerbating the effect of a posterior staphyloma: thus eyes
with previous encircling band may be ‘higher risk’ for sight-threatening complica-
tions of any type of ‘block’ LA.

One should also consider the relationship of the globe to the orbit. Older cata-
ract patients may have a degree of enophthalmos, due to age-related atrophy of the
orbital fat. Long-term glaucoma treatment with prostaglandin eye-drops can also
cause this effect. Marked enophthamos, or any significant abnormality of the orbit,
may make it difficult or impossible to give a sharp-needle LA safely via the tradi-
tional infero-nasal approach.

Patients with ocular movement disorders (e.g. nystagmus) may need a ‘block’
LA, in order to obtain globe akinesia during surgery. Some patients with congen-
ital nystagmus may have a ‘null position’ of gaze that would allow TA but other-
wise a ‘block” LA may be necessary. If the patient has a significant head tremor or
other movement disorder (e.g. Parkinson’s disease) it may be possible to schedule
LA surgery at the time of day that the tremor is minimal, or alternatively it may be
necessary to use GA.

Orbital injections of LA could potentially cause orbital infection, by inoculat-
ing bacteria into the orbit through the LA needle/cannula. It is standard practice to
instil iodine or similar bacteriocidal into the eye prior to cataract surgery to min-
imize the risk of endophthalmitis: to minimize the risk of orbital infection, this
iodine should be instilled prior to any trans-conjunctival LA. In practice, severe
orbital inflammation after LA appears to be more commonly associated with the
use of animal-derived hyaluronidase in the LA mixture, therefore a ‘hot orbit’
post-operatively may need treatment with oral steroid in addition to antibiotics.
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Conjunctival granulomatous inflammation may occur after sub-Tenon’s LA.
Smaller incisions and minimal dissection will probably make this less likely to
occur.

The term ‘wipe-out’ is used to describe unexplained visual loss following
surgery. Glaucoma patients may be at higher risk. It is possible that anaesthesia
technique may account for some cases of wipe-out. Possible mechanisms include
direct optic nerve damage from a needle or cannula, vascular occlusion caused by
a needle or cannula, vasoconstriction from adrenaline (epinephrine) in the mixture,
or prolonged compression of the optic nerve from a large volume of LA and/or
use of orbital compression after the LA. Thus, careful attention to LA technique is
required to minimise incidences of wipe-out [6, 17]

In summary, one should remain vigilant, anticipate the possibility of serious
LA complications, choose the right technique for the patient and eye, and have
processes in place to deal with any potential problems. The 2012 Royal Colleges’
national guideline on LA for ophthalmic surgery points out that any cataract
patient can potentially have a life-threatening problem, though this may not be
attributable to anaesthesia. The Guideline states that ‘Ideally, an anaesthetist
should be available in the theatre complex, particularly when needle blocks such
as peribulbar, retrobulbar, and sub-Tenon’s blocks for difficult cataracts, or when
complex or long cases are being performed. If an anaesthetist is not available in
the hospital or ophthalmic unit, peribulbar or retrobulbar techniques should only
be used if appropriately skilled staff are immediately available in the operating
theatre. A clear, agreed and regularly tested pathway to enable the patient to
receive appropriate advanced medical care, including intensive care, should be in
place for isolated units” [3].

Preparing the Patient

When preparing a patient for cataract surgery, one should consider what type of
anaesthesia would be appropriate for the patient. For most patients LA is appro-
priate and is the best choice [3]. The exact technique of anaesthesia may depend
on features of the cataract, the eye, the orbit, the patient, the surgical team and
the place where the surgery is done. For cataract surgery, the commonest tech-
niques are either STA or TA/ICA. However, a significant proportion of patients
will require an anaesthetic technique that is different to the department’s ‘default’
technique, for reasons outlined above. Thus, pre-operative assessment should
include explanation of the surgery, and an assessment of patient anxiety level and
ability to cooperate with LA [3]. A frequently asked question is whether or not the
patient is ‘able to lie flat and still for 20 min’. A significant proportion of patients
are unable to do this for a large variety of reasons. Depending on the reason for
inability to lie flat and/or still, most of these patients can have LA for cataract
surgery [24].

In the UK, pre-operative assessment are normally conducted by specially
trained nurses, with input from surgical and anaesthetic teams as needed. The
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2012 Guideline on LA for Ophthalmic Surgery states that the patient’s medical
history should be recorded, in order to plan safe surgery and also to facilitate
the safe management of any emergency that might occur. The main aspects that
should be recorded are past and present illnesses, medications and allergies, past
surgery and anaesthesia (and any complications), communicable diseases, ability
to lie flat and still, psychosocial issues (anxiety, confusion, panic attacks, claustro-
phobia, etc.) and communication issues.

The Guideline states that, for a routine patient with no special concerns, exam-
ination should be limited to: pulse (rate and rhythm), blood pressure, hearing/
comprehension/cooperation, and tremor/abnormal movements. Examination by a
doctor should only be needed for those who need input from an anaesthetist for
general anaesthesia, intravenous sedation, or if the nurses’ assessment indicates
that a medical examination would be appropriate, whether or not the patient was
due for cataract surgery. Axial length is of relevance to anaesthesia choice, particu-
larly if needle blocks are to be considered—of course, this is routinely measured
for cataract patients. Where clinically indicated, the Guideline recommends: pulse
oximetry if patient is breathless, examination for sepsis elsewhere in the body,
assessment of ability to position appropriately for surgery [3].

Special tests are not necessary for most patients prior to LA cataract surgery.
Historically, cataract patients would have a pre-operative physical examination,
blood tests (full blood count, renal function tests) and electrocardiogram. There
is now good evidence, from well-designed large prospective randomized trials,
that these tests are not necessary for routine cataract patients [25, 13]. The Royal
Colleges’ Guideline states that ‘for the patient with no history of significant sys-
temic disease and no abnormal findings on examination at the nurse-led assess-
ment, no special investigations are indicated. In general, tests should only be
considered when the history or physical findings would have indicated the need
for an investigation even if surgery had not been planned’ [3]. There are some
special cases, as follows. For patients on anticoagulants (particularly warfarin),
the clotting profile/INR should be assessed within 24 h of surgery. For patients
on dialysis, the electrolytes should be assessed on the day of surgery. Screening
for infection should be in line with local protocols. The Guideline has advice on
the management of patients with diabetes, ischaemic heart disease, hypertension,
anticoagulants, renal and pulmonary disease. The Guideline pre-dates the common
usage of direct oral anti-coagulants (DOACsS) - these, and other agents such as
aspirin, should normally be continued for routine cataract surgery.

Consent

Patients must sign a consent form for cataract surgery. At the time of writing
this (2018), there is no requirement for a specific consent form to be signed for
the anaesthesia. The 2012 Guideline states that the process of surgery should be
explained to the patient, and that there should be some mention of anaesthesia.
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Written information should be provided. ‘Consent must be obtained in the full
knowledge of both general and special risks relevant to the operation and anaes-
thesia. It is the responsibility of the individual administering the anaesthetic to
discuss possible complications of the anaesthetic. A separate consent form for the
anaesthetic per se is not required, although it is advisable to record the discussion
in the patient records’ [3].

More recently, the case of Montgomery versus Lanarkshire [26] has highlighted
the need for specific discussions about the likelihood of complications. The court
ruled that the surgical consent process should be a dialogue, with risks discussed
not just in percentages but also in terms of significance of those risks. The expla-
nation should be comprehensible (i.e. in plain language), and the doctor should
discuss all significant risks of the proposed procedure, and also the risks of any
reasonable alternatives or variants. The test of ‘material risk’ is whether in the par-
ticular case, ‘a reasonable person in the patient’s position would be likely to attach
significance to the risk, or the doctor is or should reasonably be aware that the
particular patient would be likely to attach significance’. In the context of anes-
thesia for cataract surgery, this means that the clinician should discuss the relative
risks of the proposed anaesthesia technique (and the risks of alternative anaesthe-
sia techniques) as part of the process of agreeing which anaesthetic technique to
use, and obtaining formal consent.

The discussions of relative risk are made more difficult because of the con-
troversies in ophthalmic anaesthesia, and the lack of hard data on relative risk.
The relative risks of sight-threatening and life-threatening complications for
the different LA techniques are not fully understood. To ascertain this informa-
tion would need a prospective randomised trial so large that it could probably
never be organised. However, it does appear that needle blocks are more likely
to cause sight-threatening or life-threatening complications; blunt-cannula STA
lowers this risk and TA/ICA should not have any of these risks. Using TA/ICA
avoids these risks, but the potentially ‘mobile eye’ means that there may possi-
bly be an increased likelihood of surgical complications in certain cases. The evi-
dence-based NICE guideline on cataract surgery in adults [4] advises to use TA/
ICA or STA as the default, and that PBA should only be considered if both these
techniques are contraindicated. This implies that if needle LA for cataract sur-
gery is required, the reasons for doing so should be explicitly recorded, and the
risks discussed with the patient.

Which Anaesthetic to Use, When?

Every patient is different and while surgical teams will often have their preferred
‘default’ anaesthesia technique, there will always be patients who are unsuitable
for the default anaesthesia approach. The following is a guide only and the advice
may not apply to your particular patient.
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Previous LASIK or other refractive surgery. These patients were usually
myopic prior to their corrective procedure. Thus the patient may not need specta-
cles, yet the globe will remain ‘myopic’ with a long, wide eye and possible poste-
rior staphyloma. Needle LA is best avoided for these eyes although one could use
a single medial peribulbar LA if strictly necessary. Preferred techniques would be
STA or TA/ICA.

Myopic eye. See above

Previous explant surgery for retinal detachment. Eyes with an encircling band
may become somewhat ‘hourglass shaped’ giving the same effect as a posterior
staphyloma. Thus an encircling band may increase the likelihood of a perforation
from a needle LA. The band or explant means that it may be difficult or impossible
to pass the cannula for STA. Thus, TA/ICA would be preferable, though in some
circumstances it may be appropriate to consider a single medial peribulbar LA

Anxious patient. The patient should be asked why they are anxious about the
surgery pre-operatively. Often, all that is needed is explanation and reassurance.
Many patients worry that they will not be able to breathe under the drapes, or that
they will not be able to keep the eyelids open or stay still. A reclining surgical
chair, a hole in the surgical drape, and a person to hold the patient’s hand with an
agreed method of communication if the patient wishes to request more analgesia
is often all that is needed. With good pre-operative assessment and explanation,
sedation may be avoided. Others consider mild anxiolytics such as benzodiaze-
pines (e.g. Diazepam 5 mg) IV sedation or general anaesthesia.

Claustrophobia. Again, this issue should be picked up at the pre-operative
assessment and not during surgery. Explanation and reassurance may be all that
is needed. A ‘trial’ of positioning and draping in the surgical chair as part of the
pre-operative assessment may help patient decide whether their level of claustro-
phobia enables them to cope with the draping process. Many patients will appre-
ciate having the surgical drape held away from the mouth and nose and/or a large
hole in the paper surgical drape. Some patients may require a translucent drape,
removal of most of the paper drape, or a ‘turban’ type drape with cloth wrapped
around the head and the face exposed, save for a 20 x 20 cm transparent sticky
drape over the surgical area. Again, a hand-holder and reassurance will be helpful.
The surgeon should ensure that the patient is happy to proceed, prior to commenc-
ing surgery.

Patient cannot lie flat. There are many reasons why a patient would be ‘una-
ble to lie flat and still for 20 minutes’. Often there is an element of anxiety and/or
claustrophobia. There are several approaches that can be taken, depending on the
reason that the patients cannot lie flat [27]. For orthopnoeic patients with a flexi-
ble neck, it may be possible for the patient to sit upright with neck extended, fac-
ing the overhead microscope—the surgeon will usually need to stand rather than
sit. If there is significant spinal curvature or rigidity, it may be necessary to adopt
the ‘face to face upright seated position’, with the surgeon facing the patient and
the microscope rotated toward the horizontal. In this technique, it is preferable to
use TA/ICA, in order to ensure that the eye is ‘on axis’. Face to face positioning
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can be very useful for ‘extreme’ cases such as those patients who need to be very
upright, or are unable to transfer from wheelchair to operating chair [28].

Cataract surgery on both eyes on the same day. It would not be desirable to
have a ‘block’ LA for both eyes, because this may mean that both eyes need to be
padded and/or the vision may be poor for some hours, until the block wears off.
Often these patients are GA patients, but if LA is used then it would be preferable
to use TA/ICA for one or both eyes.

Which Technique is Best for Cataract Surgery?

The above discussion has explained that there is no such thing as a ‘best tech-
nique of anaesthesia that is perfect for all cataract patients’. Most patients will be
suitable for LA, and most patients would be suitable for either TA/ICA or STA.
Neither of these LA techniques is absolutely perfect and neither would be suita-
ble for 100% of eyes, 100% of patients or 100% of surgeons. As explained above,
each technique has its own risk profile although needle blocks appear to be inher-
ently more prone to sight-threatening or life-threatening complications. Therefore
the decision-making process should involve a proper assessment of the patient
and discussion of the relative risks of the different anaesthesia techniques. As
explained by NICE guidelines, ‘If both sub-Tenon’s and topical (with or without
intracameral) anaesthesia are contraindicated, consider peribulbar anaesthesia.
Do not offer retrobulbar anaesthesia for people having cataract surgery’ [4].

How Can I Find Out More About Eye Anaesthesia?

We hope that this short chapter will stimulate the reader to take an interest in eye
anaesthesia. Modern books on ophthalmic anaesthesia explain more about tech-
niques [29, 6], but there is no substitute for hands-on learning from experts. Some
centres of excellence offer training in ophthalmic anaesthesia techniques, and sev-
eral societies worldwide also offer practical training as part of scientific meet-
ings. The British Ophthalmic Anaesthesia Society was formed in the mid 1990s,
and has annual meetings that include practical hands-on training (www.boas.org).
The original Ophthalmic Anesthesia Society (USA) had its first scientific meet-
ing in 1987, and meets annually in Chicago (www.eyeanesthesia.org). In India, the
Ophthalmic Forum of Indian Society of Anaesthesiologists (OFISA) meets every
two years (ofisa.sankaranethralaya.org). At the time of writing, a new European
Society of Ophthalmic Anaesthesia is being set up (link via www.boas.org). Every
four years, the World Congress of Ophthalmic Anaesthesia (WCOA) provides a
global forum for ophthalmologists and anaesthetists to meet and exchange ideas.
Refining and improving anaesthesia techniques should lead to fewer complications
and better outcomes for our cataract patients.


http://www.boas.org
http://www.eyeanesthesia.org
http://www.boas.org

42

R. M. H. Lee and T. Eke

References

1. Knapp H. On cocaine and its use in ophthalmic and general surgery. Arch Ophthalmol.
1884;13:402.

2. Cataract Surgery Guidelines. The Royal College of Ophthalmologists. 2010.

3. Local anaesthesia for ophthalmic surgery. Joint guidelines from the Royal College of
Anaesthetists and the Royal College of Ophthalmologists. 2012.

4. Cataracts in adults: management. National Institute for Health and Care Excellence (NICE).
2017.

5. Lee RMH, Thompson JR, Eke T. Severe adverse events associated with local anaesthesia
in cataract surgery: 1 year national survey of practice and complications in the UK. Br J
Ophthalmol. 2016;100:772-6.

6. Jaichandran VV, Kumar C. Jagadeesh. Principles and Practice of Ophthalmic Anaesthesia:
Jaypee Brothers Medical Publishers; 2017.

7. Ball JL, Woon WH, Smith S. Globe perforation by the second peribulbar injection. Eye.
2002;16:663-5.

8. Eke T, Thompson JR. The National Survey of Local Anaesthesia for Ocular Surgery I.
Survey methodology and current practice. Eye. 1999;13:189-95.

9. Kumar CM. Needle-based blocks for the 21st century ophthalmology. Acta Ophthalmol.
2011;89:5-9.

10. Kumar CM, Eid H, Dodds C. Sub-Tenon’s anaesthesia: complications and their prevention.
Eye. 2011;25:694-703.

11.  Guise P. Sub-Tenon’s anesthesia: an update. Local and regional anesthesia. 2012;5:35-46.

12. Allman KG, Theron AD, Byles DB. A new technique of incisionless minimally invasive
sub-Tenon’s anaesthesia. Anaesthesia. 2008;63:782-3.

13. Minakaran N, Ezra DG, Allan BDS. Topical anaesthesia plus intracameral lido-
caine versus topical anaesthesia alone for phacoemulsification cataract surgery in adults.
Cochrane Database of Systematic Reviews 2020, Issue 7. Art. No.: CD005276. https://doi.
org/10.1002/14651858.CD005276.pub4

14. Lee RM, Foot B, Eke T. Posterior capsule rupture rate with akinetic and kinetic block anes-
thetic techniques. J Cataract Refract Surg. 2013;39:128-31.

15. Silverstein SM, Greenbaum S, Stern R. Hyaluronidase in Ophthalmology. J Appl Res.
2012;12.

16. Labetoulle M, Findl O, Malecaze F, Alio J, Cochener B, Lobo C, Lazreg S, Hartani D,
Colin J, Tassignon MJ, Behndig A. Evaluation of the efficacy and safety of a standard-
ised intracameral combination of mydriatics and anaesthetics for cataract surgery. Br J
Ophthalmol. 2016;100:976-85.

17. Creese K, Ong D, Sandhu SS, Ware D, Alex Harper C, Al-Qureshi SH, Wickremasinghe
SS. Paracentral acute middle maculopathy as a finding in patients with severe vision loss
following phacoemulsification cataract surgery. Clin Exp Ophthalmol. 2017;45:598-605.

18. Quantock CL, Goswami T. Death potentially secondary to sub-Tenon’s block. Anaesthesia.
2007;62:175-7.

19. Burkat C, Lemke B. Retrobulbar hemorrhage: anterolaterateral anterior orbitotomy for
emergent management. Arch Ophthal. 2005;123:1260-2.

20. Ohno-Matsui K. Proposed classification of posterior staphylomas based on analyses of eye
shape by three-dimensional magnetic resonance imaging and wide-field fundus imaging.
Ophthalmology. 2014;121:1798-809.

21. Edge R, Navon SE. Scleral perforation during retrobulbar and peribulbar anesthe-
sia: risk factors and outcome in 50,000 consecutive injections. J Cataract Refract Surg.
1999;25:1237-44.

22. Faure C, Faure L, Billotte C. Globe perforation following no-needle sub-Tenon anesthesia.

J Cataract Refract Surg. 2009;35:1471-2.


https://doi.org/10.1002/14651858.CD005276.pub4
https://doi.org/10.1002/14651858.CD005276.pub4

Choice of Anaesthesia 43

23.

24.

25.

26.

27.

28.

29.

Frieman BJ, Friedberg MA. Globe perforation associated with subtenon’s anesthesia. Am J
Ophthalmol. 2001;131:520-1.

Injarie A, Clancy GP, Eke T. Prevalence, surgical management, and complication rate in
patients unable to lie flat for cataract surgery. J Cataract Refract Surg. 2013;39:1120-2.
Schein OD, Katz J, Bass EB, Tielsch JM, Lubomski LH, Feldman MA, Petty BG, Steinberg
EP. The value of routine preoperative medical testing before cataract surgery. Study of
Medical Testing for Cataract Surgery. N Engl J Med. 2000;342:168-75.

UK Supreme Court. Montgomery v Lanarkshire Health Board (Scotland). UKSC 11, 2015.
Rentka A, Kemeny-Beke A. Factors to be considered when performing cataract surgery in
patients unable to recline flat. Semin Ophthalmol. 2018;33:443-8.

Sohail T, Pajaujis M, Crawford SE, Chan JW, Eke T. Face-to-face upright seated posi-
tioning for cataract surgery in patients unable to lie flat: Case series of 240 consecutive
phacoemulsifications. J Cataract Refract Surg. 2018;44:1116-22.

Kumar C, Dodds C, Gayer S, editors. Ophthalmic anaesthesia. OUP Oxford; 2012.



Novel Methods of Delivery ®)

Check for
updates

Mehran Zarei-Ghanavati

Introduction

Cataract surgery is the most commonly performed operation in ophthalmology. It
is predicted that the need for cataract surgery will increase sharply in the com-
ing decades due to increase in life expectancy. This presents a significant burden
on eye services and health economy in general. The technique of cataract sur-
gery has been revolutionised since the invention of phacoemulsification. It yields
a high success rate with a low risk of complications [1]. Although the application
of femtosecond in cataract surgery brings hope for improvement in outcomes of
cataract surgery, future studies and improvements will be needed. It seems that
optimising delivery of cataract surgery is one way to promote the efficiency of cat-
aract surgery units. One promising approach is immediately sequential bilateral
cataract surgery (ISBCS). There is clear evidence that cataract surgery of second
eye improves vision-related quality of life. Although surgical and rehabilitation
time is short and risk of surgical complications is low in comparison to intra-cap-
sular and extra-capsular cataract surgery, ophthalmologists in most countries pre-
fer delayed sequential bilateral cataract surgery (DSBCS) regardless of technique
and complexity of cataract surgery. However, ISBCS is done for a considerable
percentage of cataract surgery in countries like Finland and Sweden. There is also
a growing trend toward ISBCS especially since the onset of the COVID-19 pan-
demic. Another approach is to develop new systems to improve efficacy of referral
for cataract surgery and patient flow from pre-assessment before cataract surgery
to discharge afterwards.
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Bilateral Surgery in Ophthalmology

Lids and strabismus operation are routinely performed bilaterally. Infection is
easier to manage and less vision threatening in these operations. Further, corneal
refractive surgery (LASIK and PRK) is also done on both eyes at the same sitting
despite the risk of infective keratitis [2, 3]. Phakic IOLs are also implanted bilat-
erally on the same day by some surgeons. Intravitreal injection of anti-VEGF is
commonly done bilaterally. Therefore, the concept of doing bilateral extraocular
and intra-ocular surgery is not only common; it is well-acceptable in the field of
ophthalmology. Unexpectedly, considering modern cataract surgery as less inva-
sive operation, bilateral cataract surgery is still viewed as a taboo by some oph-
thalmologists in several countries.

Suggested Protocol for ISBCS

A patient with clinically significant cataract in both eyes may be considered for
ISBCS. All necessary examinations should be done including visual acuity, refrac-
tion, IOP measurement, optic disc and retinal examination. Surgeons should
exclude patients who have:

e Higher risk for infection e.g.

— Diabetes/immunosuppression
— lodine allergy

e Risk of corneal decompensation
— Fuchs endothelial dystrophy, previous corneal pathologies, scarring, HSK,
corneal grafts
e Cataract type and lenticular abnormalities
— pseudoexfoliation, subluxation, phacodonesis, previous trauma, posterior
polar cataract, mature cataract, dense nuclear cataract
e History of glaucoma
e Risk of RD

— High myopia
— Retinal break
— History of retinal laser or vitrectomy

e Risk of biometry error

— Axial length of <20 mm or >26 mm
— Previous history of corneal refractive surgery
— Irregular cornea

e Risk of intraocular inflammation.
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It is estimated that about half of patients may be suitable for ISBCS [4]. If a
patient with bilaterally significant cataract is suitable for ISBCS, they should have
been clearly informed about the possible advantages and disadvantages of this
method. The final decision to choose between delayed or simultaneous cataract
surgery should be done by the patient with unbiased guidance of the surgeon.

The surgeon can choose these types of anaesthesia: topical, subtenons or gen-
eral anaesthesia. One common combination is topical and intracameral for the first
eye, and subtenons for the second eye. ISBCS should only be offered by an experi-
enced surgeon and team in an operating room with good track record and low rate
of complications including endophthalmitis.

In the event of a complication occuring during the first eye surgery, it would be
wise to not proceed with the second eye at the same setting. This should be explic-
itly explained to the patient preoperatively. Surgeons and assistants should change
gloves and gowns and redo draping for the second eye operation. A new trolley
of instruments should be used for the second eye. Ideally a phaco set packed a
week previously should be used for one eye as that would have been of proven
sterility following the week’s operations using instruments from the same sterili-
sation cohort. This may reduce the error in the sterilization cycle on a single day
putting both eyes at risk. If IOL power for both eyes are the same, it is better to
use implants with different lot numbers, or use an implant of 0.5 dioptre less or
more in power for one of the two eyes in order to be sure that they have not been
manufactured on the same day. For any solution entering the eye e.g balanced salt
solution (BSS), ophthalmic viscosurgical devices (OVDs), anaesthetic, antibiotic,
etc. different manufacturers or different lot numbers should be used. Any unfamil-
iar device or material should be avoided. Manufacture-packed right eye and left
eye sets of instruments would decrease workload in theatre and chances of error.
Disposable instruments are also preferable if possible.

Health Economy and ISBCS

DSBCS mandates second preoperative assessment and patients’ preparation in
operating room. Therefore, it imposes more steps and is less time-efficient than
ISBCS. There are several reports that ISBCS is more cost-effective for both
patients and health system. National savings by implementation of ISBCS is sub-
stantial. For instance, it is estimated to be of €5.7 million annually in Finland [5].
In a US-based study, it is reported that Medicare and patients would save approx-
imately US$522 million, and US$261 million annually by implementation of
ISBCS; respectively [6]. One study found that ISBCS is 14% less expensive com-
pared to DSBCS in Sweden [7]. Another study in Finland reported savings of €449
for each patient in medical costs and this amount increased to €849—€1631 when
non-healthcare costs were included [5]. This saving to society can be invested in
other fields of ophthalmology or medicine. This economical advantage of ISBCS
will be a big drive for prompting ISBCS by healthcare commissioners.
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Patient Quality of Life After ISBCS

Both DSBCS and ISBCS improve patients’ quality of life [11]. Patients after
DSBCS will experience short term anisometropia, loss of stereopsis and delay in
new eyeglass prescription that cause a delay in visual rehabilitation. Furthermore,
these patients will need more postoperative visits, pre-assessment and admission
for surgery. Patients’ daily activity and life enjoyment will be affected by eye
surgery and coexisting perioperative stress. The increased number of total leave
days and its consequences is also noticeable. ISBCS will ease all these issues for
patients. A combination of these factors may provide better short term quality of
life after ISBCS. Qualitative analysis will be need to evaluate these issues in future
studies.

Barriers and Concerns About ISBCS

Ethics

There is no evidence that ISBCS is not as safe as DSBCS [8, 9]. Therefore, ISBCS
observes the principle of non-maleficence. After all information about ISBCS
given to patients, they should be free to choose between immediate or delayed
cataract surgery if they meet all criteria for ISBCS. The autonomy of patients is
therefore respected. As ISBCS is more cost-effective, it should be considered a
valid approach for conserving resources for patients and society.

Tariff and Reimbursement Rate

In many countries, the tariff for second eye surgery in simultaneous bilateral fash-
ion is less than first eyes [9]. The US Medicare will pay 50% for second eye. It
is the same in Australia. In some countries like Japan, no fee will be paid for the
second eye. Therefore; although ISBCS saves money for health systems, it brings
financial penalties to ophthalmologists and hospitals. This issue can explain differ-
ences in popularity of ISBCS among countries to some extent.

Presumed Risk of Bilateral Complications

One of the main concerns about ISBCS is the possibility of bilateral complica-
tions. Robust inclusion criteria and protocol for ISBCS decrease the likelihood
of bilateral or any complications. Systematic reviews reported no difference in
improvement of best spectacle corrected visual acuity (BSCVA) after ISBCS or
DSBCS [10, 11].
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Postoperative Refractive Error

There is some evidence that input of first eye refraction can be used to adjust sec-
ond eye IOL power to improve refractive outcomes [12]. However, patients who
are at higher risk of IOL power calculation errors like short or long axial lengths
and history of previous refractive surgery are excluded from ISBCS. Moreover,
optical biometry and modern IOL calculation formula have improved the results of
post cataract surgery refraction. Also, it is not clear that what percentage of oph-
thalmologists routinely optimise second eye IOL powers based on refractive result
of the first eye. Therefore; further studies will be needed to compare clinical sig-
nificance of postoperative refractive error difference between ISBCS and DSBCS
by applying recent improvement in IOL power calculation.

Toxic Anterior Segment Syndrome (TASS)

Toxic Anterior Segment Syndrome (TASS) is an acute toxic inflammatory reaction
which is due to several etiologies, including intraocular lens materials and several
toxic substances enter inside eyes during cataract surgery. It may also be caused
by a deficit in the sterilization process. The International Society of Bilateral
Cataract Surgeons’ (iISBCS) strict guideline to use different sterilization cycle for
instruments and different brands or lot numbers for right and left eye would theo-
retically make the risk of TASS for any eye independent of the other. It is of note
that there is one report of bilateral TASS in the literature after DSBCS [13].

Cystoid Macular Oedema

Cystoid macular oedema (CMO) is the most common complication of cataract
surgery with incidence rate of 1-2% for clinically significant CMO [14]. The
peak incidence of CMO is 4-6 weeks postoperatively. Therefore, DSBCS would
not have many advantages over ISBCS when there is a gap of less than six weeks
between first and second eyes. Although previous studies have not reported an
increase in CMO after ISBCS, there is a real concern about bilateral CMO. It
seems that a more effective protocol for prevention and diagnosis of CMO should
be designed for ISBCS.

Endophthalmitis

Bilateral visual loss from bilateral endophthalmitis is a great concern with ISBCS.
Surgeons have reported this as the main reason why they do not offer ISBCS
[15]. It seems that strict guidelines from ISBCS to completely separate the two
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operations should be effective to decrease the theoretical chance of bilateral
endophthalmitis to a very low level [18]. Due to the proven effectiveness of intra-
cameral antibiotics to decrease the risk of endophthalmitis, the use of intracameral
antibiotics for ISBCS is highly recommended [16].

To calculate the probability of bilateral endophthalmitis, the risk of unilateral
endophthalmitis should be squared and multiplied by a linkage factor (that shows
how much risk of second eye infection is linked to the first eye). Although differ-
ent rates of endophthalmitis have been reported, the main issue is that there is no
agreement about the estimation of average linkage factors. It is also different for
each individual. There are four cases of bilateral endophthalmitis in the literature
but iSBCS’ guidelines were not followed in these cases [17]. There is no report of
bilateral endophthalmitis in recent studies about ISBCS [10, 11, 18]. More studies
with larger sample sizes would be needed to estimate this risk. Recently, the risk
of endophthalmitis after intravitreal injection among more than one hundred thou-
sand eyes in office-based setting was 0.026%; quite the same rate as post-cataract
surgery endophthalmitis [19]. They did not report any case of bilateral endoph-
thalmitis. There is no guarantee for zero risk of bilateral endophthalmitis but fol-
lowing iSBCS’ guidelines and use of intracameral antibiotics will decrease it to
a very low level. It is estimated that the cost of avoiding the possibility of bilat-
eral endophthalmitis would be around 3 billion Euros. On the other hand, due to
advances in the treatment of endophthalmitis by vitrectomy, endophthalmitis does
not necessarily result in blindness and considerable percentage of patients with
endophthalmitis will achieve vision of >6/12. A difficult question is what level
of risk of bilateral endophthalmitis is acceptable given the many advantages of
ISBCS.

Retinal Detachment

Retinal detachment rate increases after cataract surgery [20]. There are two major
risk factors of this complication, axial myopia and vitreous loss. Axial myopia
is excluded from ISBCS and surgery of second eye will be avoided in a case of
posterior capsular tear and vitreous loss in the first eye. However, retinal detach-
ment is a late postoperative complication. Therefore, usual separation of two eyes’
surgery by several weeks in DSBCS cannot be helpful for prevention of retinal
detachment.

Road Toward ISBCS

In some countries like Finland or Sweden it is not difficult to start ISBCS. In
many others, surgeons who would like to do ISBCS may find few colleagues to
support them. ISBCS is taboo in many ophthalmology communities. The starting
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step for developing ISBCS is talking about it to colleagues in local or national
gatherings. It will help both sides to discuss their opinions and concerns and to
build up a more robust system for ISBCS. It is pivotal to get some sort of support
from national ophthalmology councils or health authorities. It will decrease con-
cern about medico-legal issues for surgeons wishing to do ISBCS. There is also
a need for consensus statements, guidelines and protocols for ISBCS developed
by national and international workshops. Negotiation with insurance or govern-
ment payers for more fair reimbursement rate will help to overcome one important
obstacle for ISBCS in many countries. More well-designed studies should be done
to answer our questions about possible advantages and disadvantages of ISBCS.
Mixed methods research will be necessary to compare issues like short-term post-
operative quality of life between ISBCS and DSBCS.

Other Aspects of Cataract Surgery Delivery

There is a drive to boost quality of service provided to customers in service
industries. Health systems that offer cataract surgery should follow this example.
All aspects of the service from pre-operative to post-operative period should be
looked at. There are dissimilar models for delivery of cataract surgery by health-
care providers in different countries. Although there is no robust evidence about
which model is the best, different aspects of these models should be consid-
ered by ophthalmologists. The Way Forward published by the Royal College of
Ophthalmologists is a good example for more thoughts and debates about cataract
surgery delivery in the future [21]. It is essential to redesign cataract delivery sys-
tems to be more efficient but at the same time not jeopardizing patient safety. It is
also vital to consider socioeconomic aspects and national policies of health author-
ities for the system to evolve. The rise in burden of cataract and limited resources
will compel ophthalmology communities and health system managers to seek
more efficient pathways for provision of cataract surgery. Robust supervision strat-
egy is needed to monitor outcomes of newly designed systems.

Other Strategies for More Cost-Efficient Cataract Surgery
Delivery

Referral System

Improvement in referral system for cataract surgery will boost efficacy of eye care
units. It will reduce wastage of time and money. Visual acuity should not be con-
sidered a sole criterion for being eligible for cataract surgery. In some models,
referral is done by optometrists or general practitioners. Although over-referral is
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a big concern, any referral system should be watchful for systematic under-referral
of any specific group of patients.

Task Delegation to Health Care Professionals

Health care professionals (HCPs) including optometrists and nurses are recently
participating in preoperative assessment, biometry and obtaining informed consent
[21]. There are different pathways for deploying HCPs to improve flow of patients.
Although these models save time for ophthalmologists, they still have the respon-
sibility of taking a final decision for operation and confirmation of consent in any
preoperative pathway. On the other hand, the traditional first-day postoperative
visit by ophthalmologists is fading [22]. It is mostly done by HCPs, often by tele-
phone, rather than by ophthalmologists in the UK [21].

Presence of Anaesthetist

Nowadays, routine cataract surgery is done under local anaesthesia rather than
general anaesthesia. In some settings, anaesthetists do not attend cataract list with-
out any patient requiring general anaesthesia or intravenous sedation. There should
be staff who are trained for cardiopulmonary resuscitation. Reducing or consoli-
dating lists into LA only or anaesthetic cover required may reduce the need and
expense of an anaesthetist.

Number of Staff and Cataract Cases Per List

There is a drive to improve productivity of cataract services by doing higher num-
bers of cataract cases per list. Various factors should be considered in this regard:
training surgeon or consultant, number of staff in theatre and level of case com-
plexity (risk stratification system would be helpful). However, employing extra
staff may be challenging for some health systems. Finally, it is pivotal to find solu-
tions for rewarding surgeons and theatre staff in addition to avoiding burnout.
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Refractive Aim and Choice of Intraocular | ®)
Lens Caiee.

Tommy C.Y. Chan, Sharon S. W. Chow and John S. M. Chang

Introduction

In recent decades, there have been revolutionary changes to the design and mate-
rial of intraocular lenses (IOLs), resulting in a wide diversity of choices availa-
ble in the market. Different IOLs have different properties and it is important to
understand each IOL to assist for the best selection for our patients. IOL mate-
rials can be rigid, flexible or foldable. Rigid IOLs are made from polymethyl
methacrylate (PMMA), foldable IOLs can be made from Silicone, hydrophilic
acrylic or hydrophobic acrylic. IOL designs can be one piece or three piece,
square edged or rounded, planar or angulated haptics, they can also be open loop
or plate haptic designed as well as short wavelength filtered or ultraviolet filtered.
As for its optical properties, it can be monofocal, multifocal or of extended depth
of focus, it can also be spherical or toric, depending on the need for each patient.
IOL selection is an individualised process and is largely based on the patient’s
visual requirements and expectations. An ideal IOL should be able to provide a
satisfactory visual outcome with good visual quality to the patient, and to the sur-
geon, it should be easy to handle and insert, with low rates of complications and a
long-term safety profile.
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IOL Biomaterials

IOL materials can be rigid, flexible or foldable. Rigid IOLs are made from
PMMA, which is a transparent material with a refractive index of 1.49. Flexible
IOLs can be made from silicone, which consists of polymers of silicone and oxy-
gen, with a refractive index of 1.41-1.46. Foldable IOLs include hydrophobic
acrylic and hydrophilic acrylic. Hydrophobic or hydrophilic depends on its inter-
action with water. Hydrophobic acrylic IOLs consists of acrylate and methacrylate
with a refractive index of 1.54, whereas hydrophilic acrylic IOLs are composed
of poly-hydroxyethyl-methylacrylate (HEMA) and hydrophilic acrylic monomer
with a refractive index of 1.47.

PMMA

PMMAA is the first material used for IOLs. It is rigid, non foldable and hydropho-
bic with an optical diameter of 5-7 mm. It has been shown that implantation of a
foldable or rigid IOL gives similar excellent results with the advantage of being
inexpensive [1]. However, due to its lack of flexibility, it requires a large corneal
incision for insertion, which has caused it to grow out of favor. PMMA IOLs are
also reported to have a significantly higher rate of posterior capsule opacification
(PCO) than silicone or acrylic IOLs [2]. Heparin surface modified PMMA IOLs
have also been used, theoretically it can reduce postoperative inflammation, and
its use in uveitis patients was shown to have good results [3]. PMMA IOLs are
currently considered when performing extracapsular cataract extraction, and due
to their overall rigidity resulting in good centration and resistance to tilt, it is used
for scleral fixating IOLs. PMMA material is also used in anterior chamber IOLs as
well as iris fixated IOLs due to its inert property with minimal inflammation.

Silicone

Silicone material is flexible and hydrophobic. Because of this property, it allows
a smaller corneal incision for IOL implantation. In 1980s, silicone IOLs have
come into place, it is a flexible IOL with an optical diameter of 5.5-6.5 mm [4].
However, since 1990s, several case studies have reported an interaction between
silicone oil used in vitreoretinal surgeries with silicone IOLs. The strong adher-
ence of silicone droplets on the IOL have caused significant visual loss and in
some cases, resulted in the need for IOL exchange [5-8]. Therefore, it is not con-
sidered in potential cases for vitreoretinal surgeries such as high myopia or eyes
with proliferative diabetic retinopathy. Silicone IOLs are also not easy to handle,
as they become slippery when wet, which is almost unavoidable during a cata-
ract surgery. Another disadvantage is its rapid unfolding. Surgeons have reported
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unexpected posterior capsule rupture in apparently uneventful phacoemulsifica-
tions until the IOL was injected [9].

Hydrophobic Acrylic

Hydrophobic acrylic materials are a series of copolymers of acrylate and meth-
acrylate derived from rigid PMMA, which makes it both durable and folda-
ble. Hydrophobic acrylic foldable IOLs were first presented in 1993 and have
quickly dominated the market ever since their introduction. They have an optical
diameter between 5.5 and 7.0 mm and are available in one piece or three piece
designs. They have a higher refractive index, therefore allows for thinner lenses
and they also have a very low water content. Although being foldable, they have
a slower and more controlled unfolding rate as compared to silicone IOLs. Meta-
analysis and different studies have also reported a lower PCO rate when compared
with hydrophilic acyclic IOLs [10-12]. Other studies have also shown a lower
incidence of Nd:YAG laser capsulotomy in hydrophobic acrylic IOLs than PMMA
or silicone IOLs [13]. However, they have a disadvantage of having intralenticular
changes where small water inclusions cluster together and this has been reported
to cause significantly greater level of glistening than silicone and PMMA [14],
leading to visual disturbance.

Hydrophilic Acrylic

Hydrophilic acrylic materials are composed of a mixture of poly-HEMA and
hydrophilic acrylic monomer. They are foldable, soft, with high water con-
tent and have excellent biocompatibility due to the hydrophilic surface. They
also have a slower unfolding rate as compared with silicone IOLs and are easy
to handle and relatively more resistant to instrumental damage or Nd:YAG laser
[15]. Postoperatively, hydrophilic acrylic IOLs have been shown to have minimal
inflammatory cells on the anterior surface of the IOL, which indicates a high uveal
biocompatibility [16]. The best IOL should provide optimal uveal and capsular
biocompatibility, which can be determined by examining the cellular reaction on
the anterior and posterior surface of the IOL [17]. The cellular reaction consists of
foreign body giant cell reaction to the IOL, which is an indicator of the uveal bio-
compatibility. As for capsular biocompatibility, this can be determined by the pro-
liferation of lens epithelial cells (LEC) after contact between the capsule and the
IOL. When comparing with hydrophobic acrylic IOLs, hydrophilic acrylic IOLs
are also shown to have better biocompatibility [18]. However, case reports have
shown the presence of calcium deposition on IOL optics (under certain circum-
stances), which leads to decrease in visual acuity and the need for IOL exchange
[19-21]. Hydrophilic acrylic material was also shown to carry a higher risk of
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PCO than hydrophobic material [22], this may be explained by the higher water
content which attracts LEC migration. Furthermore, hydrophilic IOL is considered
contraindicated in patients with asteroid hyalosis.

IOL Optical Design

IOL evolution was driven by efforts to improve its surgical handling as well as
optical performance. There is a large variety of different designs available aiming
at different purposes to improve visual outcome.

Three Piece or One Piece?

Since the introduction of hydrophobic acrylic IOLs, they have become the most
popular foldable IOL worldwide. In 1993, the first hydrophobic acrylic model was
introduced into the market—three piece Alcon AcrySof. It quickly gained popu-
larity due to its stable clinical results, excellent biocompatibility and low rate of
PCO [23]. In 2000, Alcon introduced the one piece AcrySof (Fig. 1), aiming to
allow a easier insertion through a smaller incision. Three piece IOL are made of
different materials, the optic can be made of PMMA, silicone or acrylic, while the

Fig. 1 Alcon® AcrySof one
piece IOL
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highly elastic haptics tend to be made of PMMA (Fig. 2). For a one piece IOL, it
is entirely made out of one material and is usually acrylic. When compared with
the three piece IOL, the one piece IOL has similar overall length and optic diame-
ter, the optic edge is slightly thicker due to broad haptic shoulders at the transition
from the optic, also, it has a flat configuration as oppose to a slight angulation in
the haptics of a three piece IOL.

The first clinical comparison of the two AcrySof designs was published in
2003, the retrospective study showed similar visual acuity, centration and refrac-
tive stability between the two IOLs [24]. However, one piece IOLs were shown to
have more PCO than three piece IOLs. The higher incidence of PCO was thought
to be due to a lack of a sharp posterior edge, which is present in three piece IOLs,
to indent the posterior capsule for a barrier to prevent migration of LEC. However,
further prospective, randomized comparison showed equal stability and degree of
opacification between three piece and one piece IOLs [25].

With regards to implantation, due to more rigid haptics, three piece 1OLs
require a larger corneal incision to reduce risk of damage to the haptics, they also
carry a higher risk of posterior capsule rupture during insertion and unfolding.
Therefore, in current practice, they are mainly considered when there is a need
for sulcus implantation, due to better stability in the sulcus and a lower chance of
iris chafing by slightly thinner haptics [26]. Indeed, the ASCRS recommended a
13.5 mm three piece IOL with posteriorly angulated haptic and rounded anterior
optic edge to be inserted in the sulcus with optic capture at the anterior capsulot-
omy for best results.

Fig. 2 Precision Lens®
ARA40 three piece IOL
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Square Edged or Round Edged?

The incidence of PCO with AcrySof IOLs was noted to be significantly lower.
Studies have been carried out to determine whether the material or the design con-
tributes to the reduction of PCO. An animal study showed the inhibition of LEC
proliferation by creating a sharp capsular bend from using square edged acrylic
IOLs [27]. Another prospective study implanted otherwise identical acrylic IOLs
with or without a square edge in alternate eyes and found that the eyes receiv-
ing square edged design developed less PCO [28]. Further studies have also found
that PMMA or silicone IOLs with square edged designs also significantly prevents
PCO [28, 29]. These findings conclude that it is the square edge rather than the
IOL material that is the primary factor in reducing the formation of PCO. The
rationale being that any IOL with a squared edge, regardless of the material, is
able to indent the posterior capsule, which forms a mechanical barrier to prevent
LEC migration and PCO formation. A meta-analysis comparing square and round
edged IOLs also showed a clear beneficial effect of square edged IOLs in PCO
prevention [30].

However, it is well documented that square edged designs have their spe-
cific drawbacks. Edge glare phenomenon or unwanted optical images have been
reported in square edged designs [31, 32]. These unwanted images contribute to
symptoms of dysphotopsia, which can be positive or negative. Positive dysphotop-
sia is characterized by brightness or light streaks radiating from a central source of
light. Negative dysphotopsia is characterized by darkness or shadows at the tem-
poral peripheral field of vision [33]. Dysphotopsia symptoms are thought to be due
to distribution of intensified edge glare rays to the peripheral retina. Round edges
provide a great reduction in potential glare by disbursing reflected edge glare rays
and reducing the intensity on the retina. Edge rounding can significantly reduce
the potential for unwanted optical images, however it loses the ability for a capsu-
lar bend in the prevention of PCO. As both square edged and round edged designs
have their own tradeoff, further refinements in edge design will be necessary to
determine the optimal design that can both minimize edge glare phenomenon and
PCO.

Planar Haptics or Angulated Haptics?

Besides having a squared edge as a barrier to prevent the formation of PCO, IOL
haptic designs have also been considered in PCO prevention. Haptics with a for-
ward angulation of roughly 5-10 degrees aim to push the optic backwards against
the posterior capsule to cause a barrier effect for LEC migration. However, studies
have showed that angulated haptic designs do not seem to have a better PCO pre-
vention effect than those with planar haptics [34].
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Loop Haptic or Plate Haptic?

Capsule contraction syndrome was defined as a reduction in equatorial diameter of
the capsular bag, fibrosis of the anterior capsule and shrinkage of its opening [35].
Shrinkage of capsule is due to an imbalance between centrifugal and centripetal
forces on the capsular bag. The size of the continuous curvilinear capsulorrhexis
(CCC), zonular stability, IOL material and IOL design may play a role in the for-
mation of capsular contraction syndrome. The smaller the CCC, the greater the
sphincter effect on the IOL. The weaker the zonules, the more imbalance between
the forces and the capsulorrhexis perimeter. As for the IOL design, excessive cap-
sular fibrosis has been observed more commonly with silicone IOLs, this was
attributed to the chronic low grade inflammation that was seen after the implanta-
tion of silicone material intraocularly as well as a relatively flexible material which
is less resistant to capsular tension [36, 37]. On the other hand, haptic design -
loop haptic (Fig. 3) versus plate haptic (Fig. 4) - was shown to have a major effect
on the causation of capsular contraction syndrome. A study compared a loop hap-
tic design with a plate haptic design with almost identical optics in terms of mate-
rial, diameter and thickness, the study reported a marked constriction of the CCC
in the plate haptic design [38]. The authors proposed three reasons for the causa-
tion of such. Firstly, it can be explained by the large area of contact of the plate
haptic with the anterior capsule that may stimulate cell proliferation and fibrosis.
Secondly, the large size of the plate haptic may have prevented fusion between the

Fig. 3 Zeiss® CT Lucia loop =

haptic IOL \
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Fig. 4 Zeiss® CT Asphina
plate haptic IOL

anterior and posterior capsules, such that capsule bending is not possible and this
allows for LEC migration. Thirdly, the plate haptic has a small arc of contact with
the fornix of the capsular bag and may inhibit the proliferation of LEC less than
loop haptics.

With regards to optical performances, there have been contrasting evidences
when comparing loop haptic to plate haptic designs. Studies have showed that
due to a better stability, plate haptic designs result in better optical performances
than loop haptic designs [39]. However, recent studies have showed similar optical
performances and rotational stability when using plate haptic or loop haptic toric
IOLs [40, 41].

Ultraviolet Light Filtered or with Blue Light Filtered?

Ultraviolet (UV) has been proven to be toxic to the retina due to short wavelength
energy causing oxidative stress to the retina [42]. Retinal protection against UV
and blue visible light is usually done by the cornea and crystalline lens. After cata-
ract removal, the amount of light transmission to the retina increases, which leads
to the creation of UV filtering IOLs (Fig. 5), and subsequently, by adding yellow
chromophores to it, blue light filtering IOLs were introduced. Blue light filtering
IOLs (Fig. 6) were also referred to as yellow tinted IOLs. The rationale for blue
light filtering IOL is to imitate the human crystalline lens. With ageing, yellow
chromophores accumulate in the lens and decrease the transmission of visible blue
light which is one of the factors in the pathogenesis of age related macular degen-
eration (ARMD) [43]. Theoretically, with the addition of yellow chromophores,
blue light filtering IOL reduces chromatic aberration, provides protection against
phototoxic short wavelength light and also reduces cyanopsia, which is when
patients notice a blue tinge to their vision post operatively [44, 45]. Studies have
also suggested other benefits including improvement in contrast sensitivity and
reduction in glare [46, 47].
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Fig. 5 Alcon® AcrySof
SN60WEF blue light filtered
IOL

Fig. 6 Bausch+Lomb®
enVISTA MX60 UV light
filtered IOL

Although blue light filtering IOLs have been suggested to be retinal protec-
tive and prevent the development of ARMD, firm clinical evidence is still lacking.
There has been contrasting evidence on the photoprotective effect of blue light fil-
tered IOLs. A recent small study showed strong support of a photoprotective role
of blue light filtered IOL on the progression of geographical atrophy in ARMD
[48]. Blue light filtering IOLs were also shown to significantly reduce blue light
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induced apoptosis to the RPE cells [49, 50]. However, others reported no differ-
ences in macular changes between an ultraviolet filtering IOL and a blue light
filtering IOL [51]. This finding was also supported in another study where blue fil-
tered IOLs showed no significant clinical or optical coherence tomography (OCT)
findings with respect to ARMD [52].

With regards to visual performance, recent systematic review and meta analysis
showed that there is no clinically meaningful difference in visual acuity, colour
vision and contrast sensitivity, both IOLs demonstrated similar visual performance
[51, 53, 54]. As there is good evidence in the literature to support a similar good
visual performance of blue filtering IOLs with definite and theoretical benefits of
reduction in glare and filtration of short wavelength light, using blue filtering IOLs
is a sensible precaution especially in cases with high risk of ARMD [55]. In cur-
rent practice, surgeons opt to match the IOL with the one used in the fellow eye to
avoid unwanted visual disturbances and imbalance between both eyes.

IOL Optical Properties

Nowadays, the goal of cataract surgery is to provide good visual acuity as well
as visual quality preferably at all distances. Different IOLs have different optical
properties. Monofocal IOLs aim at providing clear vision at one distance, which is
usually for distance vision. Therefore, reading glasses will be needed for near and
intermediate vision. In the last decade, many improvements have been made to
allow for the development of a wide spectrum of IOLs beyond the standard mon-
ofocal IOLs. Presbyopia-correcting IOLs aim at providing clear vision for near,
intermediate and distance vision, which is limited in monofocal IOLs, such that
these patients can be spectacle independent at all times.

IOL Selection

Spherical Correction

Monofocal IOL

Monofocal IOL is the most common type of IOL used in cataract surgery. It has
one focusing distance and it can be set to focus for near, intermediate or distance
vision depending on the targeted refractive error. Most patients opt for low myope
or even emmetropia to set for clear distance vision so they will be spectacle inde-
pendent most of the day, however, they will need reading glasses for near and
intermediate work.
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Presbyopia
Presbyopia-Correcting IOLs

After cataract extraction, there is a loss of accommodation, which was present in
the native lens in younger patients. The implantation of the standard monofocal
IOLs can only provide clear vision at one distance, therefore, patients will still
need to rely on glasses for other distances. Presbyopia-correcting IOLs were
developed to combat the loss of accommodation and they can be subdivided into
multifocal IOLs, accommodative IOLs and extended depth of focus IOLs.

Multifocal IOL

Multifocal IOL functions by generating different foci by either a diffractive
or a refractive design, this addresses the visual limitation in monofocal IOLs.
Diffractive IOLs are created by the use of concentric rings of decreasing height
on the posterior surface of the IOL, which causes diffraction of light at both near
and distance [56]. Diffractive IOLs can be subdivided into apodized or non apo-
dized (Figs. 7 and 8). Apodization causes optical properties of the IOL to change

Fig. 7 Optical profile in
Apodization

Fig. 8 Apodized Diffractive
IOL
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Fig. 9 Alcon® AcrySof
Restor Multifocal IOL

across the optical surface from the centre to the periphery. Apodized diffractive
IOLs allow for a smooth transition of the distribution of light energy between dif-
ferent foci, so allowing more light to near when the pupil is small, this is usually
the case when carrying out near tasks, and more light to distance when the pupil
is large, this is usually seen when looking at distance [57]. Apodization helps in
improving image quality and to minimize visual disturbances such as halos and
glares and night vision problems. Refractive IOLs function by the use of concen-
tric refractive zones of different powers to allow for viewing at all distances [58].
Multifocal IOLs (Fig. 9) can be bifocal or trifocal. Bifocal IOLs are made of
concentric rings that form two primary focal points, aiming at providing clear
vision for both near and distance. Trifocal IOLs are a newer type of multifocal
IOL and are designed to form three focal points to provide a better intermediate
vision than bifocal IOLs, while preserving clear vision for both near and dis-
tance ranges. Although trifocal IOLs seem ideal, the addition of an intermediate
focus results in an additional defocus image instead of one, which may lead to
symptoms of glare and haloes [59]. Since the introduction of trifocal IOLs, it has
caused a matter of concern regarding the visual performances between the two
IOLs. A study has compared the visual performance after bilateral implantation
of a diffractive bifocal or trifocal IOL from the same manufacturer using the same
material, the study concluded that trifocal IOL can provide a significantly better
intermediate vision and equivalent distance and near vision as bifocal IOL without
any disturbance in visual quality [60]. Recent meta-analysis compared the visual
performance of bifocal and trifocal IOLs, trifocal IOLs have a clear advantage
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over bifocal IOLs in intermediate vision, however, both IOLs have similar near
and distance visual performance, spectacle independence and postoperative satis-
faction [61, 62].

Despite aiming to provide good vision at all distances, multifocal IOLs have
their own drawbacks. Multifocal IOLs have been shown to cause a decrease in near
contrast sensitivity under both mesopic and photopic conditions, and a decrease
in distance contrast sensitivity under mesopic conditions [63]. This may be due
to redirection of light from the other focal points causing coexisting images and a
lower contrast sensitivity. A recent systematic review and meta-analysis compared
multifocal IOLs to standard monofocal IOLs. With multifocal IOLs, a higher pro-
portion of patients were able to achieve spectacle independence but at a greater risk
of unwanted visual phenomena, these includes symptoms of halo and glare [64].

When comparing diffractive and refractive IOLs, diffractive IOLs can provide
a slightly better near vision and less halo and glare, however they have a slightly
worse intermediate vision. Refractive IOLs are more dependent on pupil diameter
which may lead to night vision problems, and this is probably due to the zonal
design of the IOL [58, 65]. With an attempt to incorporate the best of both diffrac-
tive and refractive IOLs, mix-and-match method has been introduced. Mix-and-
match method functions by bilateral implantation of diffractive in one eye, and
refractive multifocal IOLs into the fellow eye in attempt to achieve better visual
outcomes. A few studies on the mix-and-match method have shown safe and good
results at all distances, an increase in contrast sensitivity, a high level of patient
satisfaction and a high rate of spectacle independence [66—68].

The decision to implant multifocal IOLs should be based on consideration of
a patient’s motivation to achieve spectacle independence, if so, pre operative
counseling is of vital importance. Patients should be notified on the possible side
effects such as decrease in contrast sensitivity, halos, glares, starburst, night vision
problems and the need for visual adaptation.

Supplementary IOL

Refractive surprises or undesirable visual outcomes happen occasionally after
multifocal IOL implantation. To address for this problem, many methods have
been discussed, these include IOL exchange, refractive corneal surgery and sup-
plementary piggyback IOLs. A retrospective analysis showed multifocal retreat-
ment rate was 10.8%, of which supplementary piggyback IOLs consists of 89%
[69]. Supplementary IOLs are implanted into the ciliary sulcus for refractive cor-
rection, Sulcoflex® TOL (Fig. 10) is one such lens. Recent studies evaluated the
implantation of Sulcoflex® TOL for post operative negative dysphotopsia, these
studies concluded that Sulcoflex® TOL can successfully treat negative dysphotop-
sia and symptoms resolved completely in all cases [70, 71]. Sulcoflex® TOL has
been shown to be an effective treatment option with predictable outcome in the
correction of post operative refractive surprises, it also reduces spectacle depend-
ence and is well tolerated by implanted eyes [72].
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Fig. 10 Rayner Sulcoflex® —
Trifocal IOL - N
. Y

Accommodative IOL

Accommodative IOL is designed by simulating the natural accommodative pro-
cess by changing optical power in response to ciliary muscle contraction [73]. A
recent systematic review and meta-analysis confirmed that accommodative IOLs
can provide better distance corrected near visual acuity and results in higher levels
of spectacle independence than standard monofocal IOLs [74]. Accommodative
IOLs also produce minimal unwanted visual disturbances such as halos and glares
and contrast sensitivity is preserved when compared with multifocal IOLs.

There are mainly two types of accommodative IOLs, the single optic and the
dual optic IOLs. After a single optic accommodative IOL is placed into the capsu-
lar bag, the anterior capsule fibroses and induces pressure on the optic plate, which
cause it to vault posteriorly. When the ciliary muscle contracts, it moves the optic
forward and causes an axial positional change in the IOL thus adjusting its opti-
cal power. Approximately 1 mm of movement is equivalent to a 2 diopters power
change [75]. The main drawback of this design is that it is very dependent on the
function of the capsular bag. With time, anterior capsule fibrosis may develop, this
may limit the axial movement of the IOL and progressively loses its accommo-
dative ability. Also, the degree of refractive change differs according to the axial
length in each eye, which may lead to unpredictable outcome. The dual optic
accommodative IOL functions by a spring system comprising a high plus power
anterior optic coupled to a compensatory minus power posterior optic. When the
dual optic accommodative IOL is implanted in the capsular bag, it is compressed
due to capsular tension. During accommodation, the zonules relax and the cap-
sular tension is released, leading to an expansion of the capsular bag. Due to the
spring system design, it causes a forward axial displacement of the optic and a
dynamic increase in dioptric power of the IOL [76, 77]. The dual optic system is
currently the most promising generation to attempt to simulate a larger degree of
accommodative effect, however, larger trials with longer follow up are necessary
to support clinical usage.
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Fig. 11 Tecnis® Symfony
Extended Depth of Focus
IOL

Extended Depth of Focus IOL

As multifocal and accommodative IOLs both have their own drawbacks, the goals
of spectacle independence as well as optimizing visual quality have driven the
development of extended depth of focus (EDOF) IOLs (Fig. 11). EDOF IOLs pro-
vides a single elongated focal point to enhance depth of focus or range of vision.
The principle behind EDOF IOL is to focus light rays in an extended longitudi-
nal plane as opposed to monofocal and multifocal IOLs, which focus light rays
at one single point or multiple points respectively. This elongated focus aims to
eliminate the overlapping of near and far images created by multifocal IOLs and
therefore significantly reduces potential halos and glares [78]. A recent study has
shown that EDOF IOLs provide better optical quality than monofocal and multifo-
cal IOLs [79]. Due to the novelty of this design, limited studies have been carried
out, but preliminary results are promising. To date, there is only one large prospec-
tive multicenter study being performed, which reported a successful visual restora-
tion across all distances and a minimal level of disturbing halos and glares, as well
as high levels of patient satisfaction [80]. Recently, the use of ‘blended EDOF’ has
also been discussed. Blended EDOF aims at implantation of an EDOF IOL in one
eye and a multifocal IOL in the fellow eye. A recent study compared visual out-
comes between bilateral implantation of a diffractive multifocal IOL with blended
EDOF, results showed that blended EDOF exhibited a better performance for
uncorrected distance visual acuity but slightly worse in uncorrected near and inter-
mediate visual acuity, blended EDOF also showed better contrast sensitivity under
photopic conditions [81]. EDOF IOLs have promising results, however, larger
clinical trials are also needed for better evidence to support clinical implantation.

Refractive Rotational Asymmetry IOL

Nowadays, patients have high visual expectations. After cataract surgery, patients
not only expect to have clear vision for all distances including presbyopia cor-
rection, they also do not expect any compromise in contrast sensitivity and dis-
like unwanted visual symptoms. To overcome the drawbacks of multifocal IOLs,
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a new single piece refractive IOL has been introduced. The Lentis Mplus X IOL
is a refractive rotational asymmetry IOL aiming at providing high contrast sen-
sitivity and minimising halos and glare. The IOL provides multifocality by hav-
ing 2 sectors with a seamless transition in between, there is an aspheric sector for
distance vision and a +3.00 D sector in the lower IOL segment for near vision.
This IOL is based on the concept of rotational asymmetry to reduce any poten-
tial sources of light scattering. Light is refracted to the near focus specifically in
the lower sector and the rest of the lens acts as a monofocal IOL, this allows for
more light to the distance focus without being scattered by diffraction, which then
improves contrast sensitivity, causes less halo and glare and better image quality
[82]. This IOL has a diameter of 11 mm and an optical zone diameter of 6 mm. A
study with bilateral implantation of Lentis Mplus X IOL concluded that this new
generation multifocal IOL was able to provide adequate distance, intermediate and
near vision with high rates of spectacle independence [83]. Another study com-
pared EDOF IOLs with Lentis Mplus X IOL, results showed that the Lentis Mplus
X IOL had the highest higher order aberration in all cases [84]. However, although
this new generation IOL was shown to provide a wide range of focus with no sig-
nificant decrease in optical quality, IOL tilt in eyes are factors that limit its near
vision outcomes [82]. Therefore, new haptic designs and a longer follow up period
is needed to confirm the stability of this new generation multifocal IOL.

Monovision and Mini-Monovision

Monovision functions by using standard monofocal IOLs to correct distance
vision in the dominant eye and to intentionally focus for near to intermediate
vision in the non dominant eye. Monovision requires a process of neuroadapta-
tion, which is how the brain adapts to use the dominant eye for distance image and
the non dominant eye for near image to achieve a wide range of vision to achieve
spectacle independence [85]. Monovision is usually achieved when the non dom-
inant eye targets for roughly —2.50 D or more, but this is not always the case.
Patient dissatisfaction usually arises from insufficient unaided reading capacity
[86]. However, larger degrees of intended anisometropia come at a price, which
causes a compromised visual function such as stereopsis and contrast sensitiv-
ity. Therefore, this technique is not appropriate for all patients. To address this,
mini-monovision is a technique to aim at a smaller range of anisometropia, where
the non dominant reading eye aims between —0.75 and —1.25 D, this provides a
good distance and intermediate vision, better stereopsis, fewer optical side effects
but requires spectacle wear for certain near tasks such as reading fine prints or
computer work [87]. Studies have compared bilateral implantation of multifocal
IOLs to the effect of using mini-monovision technique, multifocal IOLs demon-
strated better near vision and higher spectacle independence rate but also more
likely to undergo IOL exchange, whereas mini-monovision technique reported
fewer visual disturbances with acceptable rates of spectacle independence
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[88-90]. The greatest challenge of using monovision technique is patient selec-
tion. Ideally, potential patients should undergo a contact lens trial to ensure good
neuroadaptation for the technique. Mini-monovision technique is a choice to con-
sider, as it creates a lesser degree of anisometropia and provides a good balance
between spectacle independence and better stereopsis. It is also more cost effective
when compared with multifocal IOLs. However, patients should be warned of the
potential need for spectacles for specific near tasks.

Astigmatism
Toric IOL

Corneal astigmastism correction has become an essential part of cataract surgery
in order to provide the best visual outcome. Toric IOLs (Fig. 12) are currently
one of the main options for astigmatic correction during phacoemulsification.
Toric IOLs were first introduced in 1992 as a three piece non-foldable PMMA
IOL which evolved into the first foldable one piece silicone toric IOL in 1994.
Since then, many advancements have been made in improving its IOL material
and design. Toric IOLs function by neutralizing regular corneal astigmatism by
accurate axis placement against the steepest corneal axis. Current toric IOLs can
correct up to 6D of astigmatism and can be used in both monofocal and multifocal
IOL designs. However, toric IOLs depend on its rotational stability. A 5 degree
rotation can cause a decay in image quality to up to 7% and a 10 degree rotation
causes a decay in up to 11%. Rotations up to 30 degrees will lead to a 45% decay
in image quality and will eliminate the correcting effect of the IOL [91, 92]. IOL
biomaterial has a major influence on rotational stability. After implantation of a
toric IOL into the capsular bag, the anterior and posterior capsule fuses with the
IOL and prevents postoperative rotation. In vitro and animal studies have indicated
acrylic IOLs to have the strongest adhesions with the capsular bag as compared
with other biomaterials [93, 94].

Fig. 12 Tecnis® Toric IOL
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Keys to success in implanting toric IOLs depend on preoperative and intraop-
erative measures as well as proper patient selection. Ideal patients should have at
least 1-1.5 D corneal astigmatism. Preoperatively, comprehensive ocular exami-
nation and topography should be done to rule out ocular comorbidities that may
interfere with postoperative outcomes. Eyes with irregular astigmatism such as
corneal scars are not preferred for toric IOL implantation, eyes with a regular
bowtie astigmatism are the most suitable candidates. As a stable capsular bag IOL
complex is essential for rotational stability, zonular instability and posterior capsu-
lar instability are also contraindications for implanting toric IOLs. As for preoper-
ative investigations, accurate biometry and keratometry are needed for precise IOL
power calculation. Accuracy can be enhanced by taking repeated measurements
and using different devices based on different principles [95]. Intraoperatively,
alignment accuracy can be improved by accurate corneal marking. Various meth-
ods have been described in axis marking, these can be done either manually or by
image guided systems. Manual marking can be done by coaxial slit beam, bubble
marker, pendulum marker or tonometer marker. A comparative study of the four
different marking techniques showed a minimal rotational deviation with pendu-
lar marker and a least vertical misalignment with the slit lamp marking technique
[96]. Manual marking should be done when the patient is sitting erect with the
back resting against a wall and looking straight ahead, so as to avoid any cyclo-
torsion which can go up to 28 degrees when there is a change in position from
sitting to supine [97]. Image guided techniques include iris fingerprinting, where
the iris and limbal landmarks are captured preoperatively and intraoperative image
registration are used to match the images and to calculate the distance in degrees
from the targeted axis [95]. Newer advancements include intraoperative aberrome-
try, these devices can be used to perform real time assessment of the lens status to
provide an accurate toric IOL alignment.

Before the introduction of toric IOLs, preoperative corneal astigmatism was
addressed by the technique of limbal relaxing incisions (LRI) during cataract
surgery. LRI involves the creation of paired incisions corresponding to the steep
meridian, resulting in flattening of the cornea and reducing the astigmatic power.
Although LRI is easy to perform, inexpensive and effective in reducing up to 4D
of astigmatism, it carries the risk of corneal perforation. Also, LRI results are often
unpredictable, as it depends on the rate and degree of corneal healing and remod-
eling. Moreover, LRI is unable to correct high astigmatisms as in toric IOLs.
When comparing toric IOLs and monofocal IOLs with LRIs, study have showed
that toric IOLs are able to provide a more effective and predictable outcome when
compared to LRIs [98]. A recent systematic review and meta-analysis also showed
that toric IOLs provide better uncorrected distance visual acuity, greater specta-
cle independence and lower amounts of residual astigmatism [99]. Although toric
IOLs are more expensive than monofocal IOLs, economical analyses have demon-
strated that lifetime costs are reduced with the use of toric IOLs because of the
reduced need for spectacles [100]. Toric IOLs should be considered in cases with
astigmatism of over 1D as it effectively neutralizes astigmatism and provides a
good visual outcome.
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Aniridic IOLs

Aniridia can be due to congenital conditions or it may be acquired after ocular
trauma. Aniridia affects visual quality and leads to significant photophobia as well
as symptoms of halo and glare, it can also lead to poor cosmesis. In aniridia cases,
if lens extraction is needed, implantation of an aniridic IOL can be considered. An
aniridic IOL is an IOL with a black diaphragm, manufactured by Morcher GmBH
(Stuttgart, Germany) and they are available in several types. BDI consists of a
clear central optic (4.5, 5 or 6.5 mm diameter), surrounded by a black diaphragm
and 2 haptics (12.5 or 13.5 mm) with the latter built with a hoop in the haptic to
allow for scleral fixation (Fig. 13). Due to its large optical diameter, a large cor-
neal incision is required for BDI placement.

BDIs are shown to effectively improve visual acuity, decrease photophobia and
resolve cosmetic issues in most both congenital aniridia and traumatic aniridia
cases [101, 102].

BDIs can have potential complications, one being corneal decompensation
from endothelial cell loss, this can be due to mechanical damage from insertion
of a large IOL, postoperative persistent inflammation or high intraocular pressure
[103]. A large study reported long-term follow up in eyes with congenital aniridia
and identified glaucoma as a major long-term complication [104]. Although these
eyes were already at risk of developing glaucoma, other contributing factors were
hypothesized to be due to a direct compression onto the trabecular meshwork by
the haptics, which was especially true in cases where BDIs were placed in a rela-
tively anterior position as seen with ultrasound biometry. However, high intraocu-
lar pressure was also noted in cases with a normal BDI position. This was thought
to be due to chronic postoperative inflammation or a large IOL size impairing
aqueous outflow.

BDIs seem to be a safe and effective IOL in aniridic eyes, however, long-term
follow up is needed for its potential complications.

Fig. 13 Morcher® Aniridic
IOL
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Adjustable IOLs

Nowadays, a patient who wishes to undergo cataract surgery often has high expec-
tations and demand for accurate refractive outcomes. However, realistically,
these cannot always be achieved and will often lead to patient dissatisfaction.
The introduction of adjustable IOLs aims at improving refractive accuracy, visual
outcome and patient satisfaction. The idea is to allow patients to choose their spe-
cific refractive outcomes and to allow for post op adjustment accordingly, so to
deliver accurate results. Light adjustable lenses (LAL) consist of photosensitive
silicone macromers diffused over the IOL, irradiation of the LAL with ultraviolet
light causes photosensitive macromers to polymerize. This polymerization causes
the formation of silicone polymers in the irradiated region, a diffusion gradient
between the radiated and non-radiated portions will then be created, this allows
macromers to migrate towards the irradiated portion and leads to lens swelling and
refractive power increment [105]. As with other IOLs, LALs are implanted into
the capsular bag with standard phacoemulsification techniques. Roughly around
one month after the operation, the patient will undergo refraction, a light deliv-
ery device system will then be used to deliver ultraviolet light at the slit lamp to
induce predictable and precise changes to the shape and refractive power of the
IOL optic to allow for post operative fine refractive adjustments. After the new
refractive power is confirmed, a lock in procedure will be carried out with the light
delivery device to allow irradiation to the entire lens to polymerize all remaining
macromers, this will not cause any diffusion gradient and will not result in any
lens power change, thus preventing additional changes to the refractive outcome.
A recent study concluded that light adjustable IOLs are able to achieve accurate
refractive outcomes to around emmetropia with good uncorrected distance visual
acuity, which remained stable over time [106]. Another study also concluded
that light adjustable IOLs are able to reduce postoperative spherical and cylindri-
cal errors to up to 2D. There was significant improvement in uncorrected distant
visual acuity and the refractive changes were stable [107]. LALs seem to be a
promising IOL with good refractive results, however, long term results are needed
for evidence of a stable refractive outcome.

Special IOL Techniques
Piggyback IOL

In patients with extreme refractive errors, a single high power IOL may not be
adequate to provide sufficient power, the use of piggyback IOLs help by implant-
ing two IOLs to correct these high powers. Piggyback IOLs can also be consid-
ered in cases of undesirable optical results, the procedure carries a lower risk than
IOL exchange, especially in cases when the IOL has already been fibrosed in the
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capsular bag, the optical result is often also more predictable and accurate [108,
109]. Piggyback IOLs are usually done with one IOL implanted into the capsular
bag and a second IOL implanted in the sulcus.

In cases of extreme high powers, the image quality of piggyback IOL is supe-
rior to that of a single IOL, as with a single IOL, a steep radius is needed to pro-
vide high powers which will contribute to significant spherical abberations and
will lead to severely distorted image quality [110]. The optimal image quality that
can be achieved in eyes with extreme axial length was found to be by a piggyback
IOL system. Piggyback IOL also provides additional benefit in terms of depth of
focus. This was hypothesized to be due to the presence of a contact zone between
the two IOLs being implanted, which was surrounded by concentric Newton rings
[111]. The size of the contact zone depends on the curvature of the IOL and its
material, and causes a pressure forcing the IOLs together. The Newton rings sur-
rounding the contact zone are due to the presence of a very thin gap between the
two IOLs, causing possible interference. Within the contact zone, the lens curva-
ture is flatter than that outside of the zone, which then provides a lower refractive
power. Therefore, this design principle simulates that of a multifocal IOL, where
the central zone with less refractive power can be used for distance viewing and
the non-contact zone with more refractive power can be used for near distance
viewing. Defocus curves in piggyback IOLs have been shown to have a greater
depth of focus than those in single IOLs.

However, piggyback IOLs have their own drawbacks. The presence of Elschnig
pearls and intralenticular opacification have been reported between the interface of
the piggyback IOLs [112, 113]. These membranous formations affect visual acuity
and also cause late refractive surprises [114]. To prevent intralenticular opacifica-
tion, meticulous polishing of the anterior capsule has been recommended to elim-
inate residual LEC, a large capsulorrhexis can also prevent migration of LEC into
the intralenticular space [115]. Vaulting to avoid IOL-IOL contact can eliminate
interlenticular opacification.

Anterior Chamber IOLs

Anterior chamber IOLs are considered in myopia correction by phakic IOLs or apha-
kic correction when the IOL is considered not suitable to be placed in the capsular
bag. Anterior chamber IOLs can be angle supported or iris supported. Angle supported
IOLs are fixed with four haptic points in the anterior chamber. Iris supported IOL is
positioned in the anterior chamber and held in place by fixation to the mid-peripheral
iris stroma. When comparing angle supported IOL and iris supported IOLs, although
angle supported IOLs are technically easier, they have a significantly higher rate of
endothelial cell loss [116], and also leads to higher rates of glaucoma. Therefore,
angle supported IOLs are often not the desired choice and are contraindicated in
young patients, eyes with preexisting glaucoma or corneal endothelial pathologies.

As for iris supported IOLs, they are shown to be safe, efficacious, predicta-
ble and stable in correcting high or severe myopia with significant gains in visual
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acuity [117, 118]. Postoperative complications include glare and halos from poor
centration or from implantation in eyes with large pupil sizes, other complica-
tion includes the formation of cataract in phakic IOLs. Another important issue
is also the rate of endothelial cell loss. A four year endothelial study has reported
endothelial cell loss rate to be 3.85% at 6 months to 13.42% at 4 years [119].
Due to its anterior position, there are a few recommendations before considering
implanting of iris supported IOLs. Firstly, an anterior chamber depth of at least
3.2 mm is required before considering its implantation. Secondly, preoperative
specular microscopy is also essential in excluding eyes with preexisting compro-
mised endothelial cell count. Lastly, extra caution has to be taken in considering
the implantation in young patients due to a potential risk of corneal decompensa-
tion in the future.

Retropupillary iris supported IOLs have been designed aiming to reduce the
rate of loss of endothelial cell count, however, a retrospective analysis has showed
that the technique does not have a significant effect on decreasing the rate [120].
Other studies have also showed pigment dispersion to be a potential complication
with retropupillary placement [121].

Scleral Fixating IOLs

In cases of inadequate capsular support after cataract surgery, choices of angle
supporting IOLs, iris supporting IOLs or scleral fixating IOLs (SFIOL) can be
considered. A literature review was conducted to determine the safety and efficacy
between the three types of IOL fixation methods in eyes with inadequate capsu-
lar support, it was concluded that there is insufficient evidence to demonstrate the
superiority of one lens type or fixation method over another [122].

Regarding scleral fixating IOLs, its surgical techniques have evolved over the
past decades. Scleral fixating IOLs can be fixated to the sclera by sutures or by
tunneling the haptics without the use of sutures or by the formation of terminal
bulbs on the haptic ends to avoid suture usage as well. SFIOL techniques can
largely be grouped into sutured or sutureless techniques.

For sutured techniques, suture was used to fix the haptics of the IOL to the
sclera at 3 and 9 o’clock positioned 2 mm posterior to the limbus. As sutures are
tied onto the sclera, there is a risk of suture exposure and conjunctival erosion.
Symptoms of foreign body sensation have also been reported due to exposed
suture ends. To improve this, scleral flaps were fashioned to cover the suture
knots to avoid exposure or irritable symptoms [123]. However, scleral flap tech-
nique requires a conjunctival peritomy and can be problematic in patients requir-
ing future glaucoma filtration surgeries. Therefore, the introduction of Hoffman’s
pouch aims at creating scleral pockets without the need of conjunctival peritomy
and allows adequate suture knot coverage [124]. In the recent decades, the Lewis
technique has been widely used, a 10-O polypropylene suture with a straight nee-
dle was passed from one scleral side to the opposite and the needle was turned
around and passed back into the eye and emerged at the original scleral bed. Both
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sutures were withdrawn and cut and tied to the eyelet of the IOL and IOL was
inserted through the corneoscleral wound. The sutures were then tied and knots
rotated and covered with conjunctiva. A recent study demonstrated long-term
stability with the Lewis technique, although knot erosion is not uncommon, the
IOL remains stable due to a fibrotic process around the sutures and the IOL hap-
tics [125]. To enhance durability of the sutures, thicker materials such as Gore-
Tex have been used. A recent series using 7-O Gor-Tex suture reported no cases
of suture breakage during a 33 months follow up period [126]. Long-term studies
of sutured SFIOL have reported it to be a safe and effective technique, however
potential risks include suture erosion and breakage leading to IOL dislocation or
lens tilt and suture exposure causing endophthalmitis [127].

For sutureless techniques, intrascleral fixation, fibrin glue assisted or the
Yamane technique have been described. Intrascleral fixation was described by
Scharioth [128], which creates sclerotomies 2 mm posterior to the limbus then
partial thickness scleral tunnels parallel to the limbus at the original sclerotomy
sites. A three-piece IOL was inserted into the eye and the haptics were external-
ized through the sclerotomy incisions and placed into the scleral tunnels. The
Scharioth technique was shown to provide exact centration and axial stability and
prevented distortion in most cases. Fibrin glue has also been used to secure hap-
tics to the sclera. Scleral flaps were fashioned and fibrin glue was applied to the
bed of the flap to allow the haptics to be fixed in place, the scleral flap was posi-
tioned over the haptic to seal the flaps. Studies have shown one year results to be
promising, however long term results are lacking [129]. The Yamane technique
was recently described, the technique first introduced a three-piece IOL into the
anterior chamber, then a 27-G needle was used to create a scleral tunnel poste-
rior to the limbus, the haptic was then introduced into the lumen of the needle and
externalized. Cautery was applied to the ends of the haptic to allow formation of a
terminal bulb to secure the IOL in place, conjunctiva was mobilized onto the bulb
ends to prevent erosion [130].

Currently, there are limited studies comparing one type of SFIOL technique
with another, there is limited long-term evidence to support the superiority of any
one technique.

Rare IOL Related Complication
IOL Opacification

The opacification of IOLs is a rare complication and usually occurs during the
late post operative period [131]. The exact cause and mechanism is still unknown.
IOL opacification may cause decreased post operative visual acuity, reduction in
contrast sensitivity and symptoms of glare, in severe cases, it requires explanta-
tion and IOL exchange [132]. Explanted opacified IOLs have been sent for anal-
ysis using light and scanning electron microscopy, results revealed numerous fine,
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granular, crystalline like deposits on both the anterior and posterior surfaces of the
IOLs [132]. A report related its cause to individual manufacturers in relation to
the differences in the water content of hydrophilic acrylic materials [133]. Another
report attributed IOL opacification to primary calcification which was found in a
significant number of patients implanted with hydrophilic-hydrophobic acrylic
IOLs and had a significant effect on their vision [134]. Other surgical interventions
with injection of foreign material into the anterior chamber such as air or gas, also
seem to increase the risk of IOL opacification [135]. There have been increasing
reports on hydrophilic IOL opacification after endothelial keratoplasty with intra-
cameral instillation of air or gas [136—139]. IOL explantation is the only treatment
choice in severe cases, however it is often associated with increased complication
rate [140]. A recent study even recommends to avoid hydrophilic acrylic IOLs in
procedures that will require intracameral air or gas injection such as endothelial
keratoplasty [141]. Although IOL opacification is a rare late post operative com-
plication, it can lead to severe undesirable visual outcome requiring IOL explanta-
tion, which can be a high risk procedure.

Conclusion

With the evolution of IOLs, there is currently a large diversity of IOLs available
in the market. IOL selection is an individualized process and should be based on
the patient’s motivation for spectacle independence, activities of daily living and
visual expectations. Although newer IOLs seem to show favorable outcomes, they
will need larger clinical trials for better evidence in support of clinical usage.
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Introduction

The word “biometry” derives from the Greek words “Biog” (bios: life) and
“nétpov” (métron: measure, measurement) and is the method of applying mathe-
matical principles to describing the anatomical characteristics of living organisms.
In our case “biometry” refers to the anatomical and refractive properties of the
human eye. Before cataract surgery it is essential to gather such biometric data in
order to properly calculate the IOL power which will offer the optimum post-oper-
ative refractive outcome.

Refractive errors are most probably as old as mankind. In prehistoric times,
keen eyesight would have been essential for hunting or foraging, and any defect
or impairment a severe disadvantage in avoiding becoming prey oneself. For
thousands of years, refractive errors were often perceived as an infirmity which
condemned people to passivity, reduced options for communication and orienta-
tion—and thus led to isolation. Vision was and still is the most important sensory
function for humans: about 75-80% of environmental information is delivered by
our eyes to our brain. Worldwide, there are around 37 million blind people, 90%
of whom live in developing countries. In up to 75% of these cases, blindness could
be avoided. By far the most common cause of blindness globally is cataract. In
industrialised countries cataract ranks third after glaucoma and diabetes mellitus
related eye diseases. Although cataract surgeries have been performed for more
than 3,000 years, the history of intraocular lens implantation began as recently as
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1949. Invented by the military eye surgeon Harold Ridley, this procedure offered
the possibility of an optical implant for cataract patients for the first time. Cataract
surgery faces new challenges today: well-informed “Baby Boomer” generation
and post-LASIK patients are reaching the age at which they may require cataract
surgery. These highly demanding cataract patients put ophthalmologists and sur-
geons under pressure to deliver an optimal refractive outcome of their surgery.
This leads to the need for suitable, modern biometry and IOL calculation formu-
lae for these special cases, because former methods may no longer be adequate to
the expectations of these demanding patients. The European Registry of Quality
Outcomes for Cataract and Refractive Surgery (EUREQUO, funded by ESRCS)
provides a global platform, which also includes data on the refractive outcome of
more than 2.6 million cataract surgeries to date. Scrutiny of the data shows that
93.8% of all monitored patients achieved an outcome =£1.0 D. While this may
appear quite satisfactory at first sight, it raises the question of the remaining 6.2%
of patients who suffer from more than 1.0 D of post-surgical refractive error, and
the extent to which these suboptimal outcomes may have been caused by incorrect
or inappropriate biometry and IOL calculation. In the context of the number of
cataract surgeries listed in EUREQUO this means up to 161,200 patients with poor
refractive outcomes after their surgery—a significant number!

With the invention and implantation of the first intraocular lens by Harold
Ridley in 1949 the question arose as to how the refractive power of such artificial
lenses could be determined. Ridley initially tried to replicate the dimensions of the
human crystalline lens, but this simplistic approach proved far from correct. Even
with the most modern technical devices and the most advanced calculation for-
mulae and methods available today, the accurate biometry and calculation of the
corresponding IOL still represents one of cataract surgery’s ongoing challenges.

Devices and Measurement Principles

History

As early as 1905, Gullstrand’s model eye quantified the refractive power of the
human eye primarily from the refractive properties of the cornea, lens, ocular
media and the length of the eye. In 1967, Fyodorov and his team were the first to
set up a vergence formula to estimate the optical power of an IOL.

Only once ultrasound measurements of the eye using A-scans became available
in the 1970s were improved vergence formulae able to allow a more accurate cal-
culation of the IOL. By using ultrasound A-scans to measure the length of the eye,
variations of these fundamental vergence formulae were derived and published in
the 1980s. The first ultrasound measurements of the eye were made as applana-
tion or indentation examination. Here, the ultrasound probe is placed directly on
the corneal surface, which inevitably leads to a compression of the cornea and the
anterior chamber. Depending on the manual technique of the examiner, this in turn
leads to differences in measurement results and thus to incorrect calculations of
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the IOL. As a technical development, immersion ultrasound measurement avoids
direct contact between the ultrasound probe and the cornea by coupling the ultra-
sound probe to the cornea via a liquid-filled cylinder, immersion gel or through the
eyelids. The development of this immersion method has enabled more meaningful,
accurate, and reproducible results than contact measurements.

By using ultrasound the echo time of the signal is measured in seconds and
converted into distance (mm) using an average sound velocity. Proper conversion
is only possible if the individual proportions of the underlying model eye and the
corresponding velocities match. Depending on the respective properties of struc-
tures within the eye, these velocities can differ significantly: the overall sound
velocity in the eye is ~1550 m/s, but for silicone oil filled spaces it can be as low
as 900 m/s and in hard nuclei as high as 1600 m/s.

Ultrasound A-Scans measure the total length of the eye, the anterior chamber
depth and the thickness of the crystalline lens. This procedure should only be
performed by experienced personnel. Additional keratometry measurements are
needed to calculate the corresponding IOL. However, since the development of
optical techniques, ultrasound biometry is no longer regarded as a “gold standard”,
especially since the disadvantages of requiring contact or coupling and depend-
ence on technique far outweigh the benefits. Today, ultrasound biometry is mostly
restricted to cases where optical biometry cannot be performed due to opaque opti-
cal media. More theoretical formulae derived in the 1980s and 1990s (e.g. Hoffer
Q, Holladay 1 and Haigis) involving several input parameters (e.g. White-to-White
or age used in Holladay 2 formula) are now used to improve IOL calculation.

Until Prof. Adolf Fercher published his groundbreaking results on optical
non-contact measurement of the eye by partial coherence interferometry in the
early 1980s, the measurement of the eye by ultrasound as an acoustic biometry
procedure was considered without question as “state of the art”. This was changed
by the use of partially coherent light as described by Fercher. For the first time
a non-contact optical A-scan was made possible—and this represented the first
interferometric measurement of the length of the eye. In 1982, Fercher filed his
invention for a patent: “Fercher AF. Verfahren und Anordnung zur Messung der
Teilstrecken des lebenden Auges. Offenlegungsschrift DE 3201801 Al; priority
date 21.01.1982, Offenlegungstag 08.09.1983”. Based on this patent, Carl Zeiss
Meditec developed the first biometric device using this novel technology, the
“IOLMaster”. With this device, optical biometry made successful debut. For the
first time, a technique was available that allowed for distance-independent biome-
try, providing fast, non-contact and reproducible biometric data of the eye with a
significantly higher resolution. Furthermore, the reduced operator dependence of
the procedure meant that it could be carried out by less experienced staff. This
device provided all of the parameters needed for IOL calculation. For the first time
it was possible to determine both the length of the eye and keratometry data in
one measurement with one device. This means that the corresponding IOL calcu-
lation can be carried out directly, without needing data from external sources, cut-
ting down on transmission errors. The short coherence length light source emits in
the visible spectrum, enabling axial length measurement along the fixation axis.
In addition, optical biometry is much less susceptible to disturbances such as the
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medium (vitreous, silicone, gas) filling the posterior chamber of the eye, or the
artificial lens when measuring pseudophakic eyes.

With optical biometry, optical distances are measured directly (as opposed to
the geometrical measurements in ultrasound biometry). These optical distances
are converted into dioptres using the refractive index. Here the variations are sig-
nificantly smaller compared to ultrasound biometry. Therefore optical biometry is
much less dependent on the medium (e.g. native vitreous, silicone oil, dense cata-
racts or the artificial IOL in pseudophakic eyes).

The proportion of eyes not measurable by optical biometry (and thus requiring
ultrasound measurement), has been steadily reduced through optimisation of the
measurement strategies and is now well below 5% in industrialised nations. After
Zeiss, Haag-Streit brought the “Lenstar” to the market, which provided partial dis-
tance measurement for the first time. Today, most modern biometers work non-in-
vasively using optical coherence tomography (OCT), and a variety of devices are
available offering eye measurement by means of optical biometry.

Along with this technical evolution numerous formulae have been developed
for calculating the optical power of each respective IOL. Intraocular lenses can
be calculated using different strategies: with empirical formulae the IOL power
is derived from a series of biometric data without any anatomical or physiolog-
ical background. With the theoretical-optical formulae, which are most com-
monly used today, the IOL power is extracted from a paraxial optical model
which approximates the eye using linear Gaussian optics. With modern raytracing,
Snell’s law is applied at each refracting surface within the eye and the lens design
and power that provide the best focus at the retina are selected (if a plano refrac-
tion is favoured for the pseudophakic eye).

Parameters Needed for IOL Calculation

For the main application, several measurements of the eye are taken to calculate
the correct lens power before implantation of the intraocular lens. One of the
major challenges in IOL calculation is estimating the position where the artifi-
cial IOL will finally be located in the eye after surgery. Modelling the cornea and
IOL using the thin lens approximation, the distance from the cornea to the IOL is
defined as the “Effective Lens Position” (ELP).

1. Ultrasonic axial length

As shown in Fig. 1, acoustical biometry (A-scan) measures the distance between
the anterior corneal apex up to the inner limiting membrane (ILM).

2. Axial length measurement with optical biometry

By contrast, optical biometry measures the axial length between the anterior cor-
neal apex and the retinal pigment epithelium (RPE) (distance 2 in Fig. 1). As a
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Fig. 1 Important parameters for IOL power calculation

result of these different length measurements, differences can be expected between
the results of ultrasound and optical measurements. In most optical biometers, the
axial length measurement is calibrated to the immersion ultrasound axial length
measurement as this was the gold standard in early times of optical biometry. This
calibration is typically performed by subtracting a standard retinal thickness of
around 200 um. Therefore, ultrasound and optical axial length measurement may
yield different results in individual cases. Today, optical biometry is regarded as
the gold standard.

3. Effective Lens Position (ELP)

In theoretical optical calculations the effective lens position is defined as the axial
position of a thin intraocular lens implant relative to the corneal anterior vertex of
the eye. This ELP is mostly determined from biometric measurements of the eye
as well as depending on the design and material of the lens and the placement of
the lens in the eye (e.g. capsular bag), and adapts the generally defined formula to
an individual eye and IOL type.

The ELP also reduces the model errors and inaccuracies which are inherent in
the design of the vergence formulae, which means that the ELP does in general
not really reflect the real IOL position in the eye. The improvements in intraocular
lens power calculations over the past 30 years are the result of the improved pre-
dictability of the variable ELP.

It is important to note that, in an optical system consisting of two thin lenses
the ELP will affect the IOL power.
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For IOLs with a positive power a more posterior IOL position will increase the
refractive power, and conversely a more anterior position will reduce the optical
power. Thus, the IOL constants in theoretical optical formulae affect the ELP.

The refractive effect of the ELP will be reduced for IOLs of lower refractive
power. With minus lenses the effect is reversed: higher ELP values will result in
lesser refractive power of the IOL.

For a given IOL, the lens power obtained from the IOL power calculation
scheme will change with the effective lens position. In general, for an IOL with
positive power a prediction of a larger ELP implies a larger IOL power, whereas a
smaller ELP value implies a lower IOL power.

4. Measurement of the anterior chamber depth

Some formulae for IOL power calculation require the phakic anterior chamber
depth. This value refers to the distance between the posterior corneal vertex and
the anterior vertex of the crystalline lens in the phakic eye. This measurement can
be made using optical as well as ultrasound biometry techniques.

5. Keratometry readings of the cornea

Keratometry generally measures the curvature of the anterior surface of the cornea
and reports a radius of curvature in millimetres. Most keratometers offer dioptric
powers in dpt in addition to curvature values in mm, but the user should be aware
that dioptric powers cannot be measured in general. Conversion from mm radius
of curvature of the corneal anterior surface to dioptric power of the entire cor-
nea (the meniscus lens!) requires modelling assumptions about the cornea which
may or may not be appropriate in any individual eye. Different keratometer indi-
ces which are normally used in different devices on the market refer to different
model assumptions, and therefore in an individual patient’s cornea the reported
dioptric power may vary from device to device even if the base measurement of
the radius of curvature of the anterior surface is the same. In order to avoid the
potentially erroneous effect of an incorrect keratometer index it is strictly recom-
mended to use radius of curvature measurements (the mm value) instead of diop-
tric powers for IOL power calculation. To convert between mm and dioptres, it
is necessary to know the keratometer index (for example, the conversion from K
to radii at a keratometer index of 1.332 would be: R =332/K). Different kerato-
meters use different indices, e.g. 1.3375 (American Optical, the so-called Javal
index), 1.336 (Haag-Streit), 1.332 (Zeiss, Gambs, Topcon, the so-called Zeiss
index), 1.338 (Hoya).

Importantly, for a given patient the reported radii should be the same on all of
the instruments discussed, but the Ks will differ significantly (up to 0.8 D). The
default keratometer setting of the IOLMaster is 1.3375 in the USA and 1.332 in
all other countries. Also, it is important to consider that each keratometer measures
the radius of the corneal anterior surface at a different position, e.g. at distances of
1.25 mm, 1.5 mm or indeed other values.
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6. Lens thickness

Furthermore, some IOL-calculation formulae use biometrical values for the thick-
ness of the crystalline lens in calculating the IOL power, e.g. the Olsen formula,
Holladay 2 formula and Barrett Universal II formula.

7. Horizontal corneal diameter measurement

The horizontal “white-to-white” distance (horizontal corneal diameter, WTW) is
an optional additional measurement. It can be used in the Holladay 2 and some
other formulae.

Devices
Ultrasound

Sonic altimeter instruments use echo impulses to measure distances. The A-Scan
is used to determine the axial length of the eye. Acoustical biometry can be carried
out as applanation contact ultrasound biometry (10 MHz) or immersion ultrasound
biometry. Both techniques measure the axial length, anterior chamber depth and
thickness of the lens and optionally the thickness of the cornea. In addition, the
keratometry must be measured with an external device to determine the refractive
power of the cornea.

Applanation scan

In this type of scan the ultrasound probe is placed directly on the cornea. This
results in merging of the signal from the ultrasound probe with the echo of the
cornea, meaning that the anterior surface cannot be determined by applying this
technique. Furthermore, applanation ultrasound biometry produces an unavoidable
error, i.e. the corneal applanation or indentation from the probe tip. This compres-
sion can induce a shortening of the anterior chamber of anywhere between 100
and 300 microns. As a result, the true axial length is underestimated, leading to an
overestimation of the IOL power. Today, patients expect cataract surgery not only
to restore visual clarity, but to provide excellent vision in refractive terms as well.
Contact biometry is far below the expectations and requirements in terms of accu-
racy in modern cataract surgery and should be avoided (Fig. 2).

Many examiners consider the contact technique easier and faster than the
immersion technique. The disadvantages are clear, as an unavoidable error is pro-
duced by compressing the cornea. As a result, the true axial length is underesti-
mated, leading to an overestimation of the IOL power. Even if the axial length
is corrected based on the examiner’s experience by an offset (rule of thumb) the
individual error in a patient measurement cannot be eliminated.
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Fig. 2 a—d Applanation scan

Immersion scan

With the immersion technique, there is contact between the cornea and the scleral
shell but not with the ultrasound probe. The technician places a small scleral shell
on the anesthetised limbus, the probe is either hand-held within the fluid or locked
into position in an infusion shell. The fluid is infused into the shell through tubing
that connects the shell to either a bottle of BSS or a 5 cm? syringe of contact lens
saline solution (infusion scleral shells can be used with the patient sitting upright,
but it is easier for both patient and technician if the patient is reclined). When the
probe is aligned properly, five tall spikes are clearly visible (ideal case) in the scan
(representing echoes from the tip of probe, cornea, anterior lens capsule, posterior
lens capsule and retina) with the retinal spike rising steeply from baseline then
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followed by echoes from sclera and orbital fat. The corneal spike is separate from
the probe spike and has a double peak representing the epithelial and endothelial
layers of the cornea (Fig. 3).

It is important to note that it is not self-evident that measurements are aligned
along the visual axis in either applanation or immersion ultrasound biometry. In
most cases, measurement is carried out by using applicable ultrasound echoes,
which means that the sound signal hits the cornea and the retina perpendicularly,
but not necessarily at the fovea. Especially with very long eyes a staphyloma
located close to the fovea might lead to overestimation of the axial length, result-
ing in a calculated IOL power that is too low.

When using immersion ultrasound biometry there is less variation and meas-
urements will be more reproducible, meaning that this technique delivers more
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Fig. 3 a-d Immersion Ultrasound
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accurate and reproducible results than applanation A-scans. The immersion tech-
nique can also be used in dense media, e.g. mature cataract or in eyes with corneal
scars. The immersion method also has some disadvantages: the accuracy is lower
(120 um at 10 MHz), the contact between the scleral shell and the eye can induce
a change in the eyeball’s shape, the accuracy is limited by changes in sound veloc-
ity in difficult cases, e.g. pseudophakic eyes or silicone-filled eyes post vitrectomy
(settings have to be adjusted appropriately), anaesthesia is required, and experi-
enced operators are needed for application and reading the results. Furthermore,
measurements take longer than with optical biometry and have to be carried out
in a non-physiological position (reclined). Fixation will be an issue as well: ultra-
sound probes with an integrated fixation light might offer better fixation but can
show an inhomogeneous radiation pattern, whereas probes without an integrated
fixation light offer a more homogeneous pattern but might miss conditions such as
posterior staphyloma which will require an additional B-Scan.

Both applanation and immersion ultrasound biometry are contact measure-
ments, which always carries the risk of operator dependency of the results. As
these techniques are likely to be less frequently used, fewer examiners will be
familiar with the procedure and with the interpretation of the results, again raising
the risk of errors.

Nevertheless, ultrasound biometry is an indispensable technique for cataract
surgery in rare cases where optical biometry cannot be used, for instance in very
dense cataracts, vitreous hemorrhages or eyes suffering from corneal scars.

Optical Biometry

With the invention of the first optical biometer in 1999 an option for non-contact
measurement of the human eye using the concept of partial coherence interfer-
ometry was available for the first time. All optical biometers measure the distance
from the corneal apex to the retinal pigment epithelium (RPE).

Optical biometry has numerous advantages over ultrasound methods. Optical
biometers allow for a non-contact measurement (no anaesthesia required, no com-
pression of the cornea) under physiological conditions (upright position) with
a fixation target located at infinity. Measurements are carried out along the fix-
ation axis of the biometer under fixation (which in general will be close to the
visual axis), and the accuracy of the axial length measurement is not affected by
pupil size. All settings are adjustable for accurate axial length measurement in
silicone-filled eyes, aphakic and pseudophakic eyes. Optical biometers are easy
to use, they offer automated operation and are more resistant to failures, even
detecting which eye (right or left) is under investigation. As this is a non-contact
procedure without anaesthesia measurements can be carried out by less skilled
operators. Measurements can be made quickly, in approximately 0.4s. Most
importantly, optical biometry has a significantly higher accuracy, with the reso-
lution of 10 um being 5-10 times better than ultrasound methods. An optical
biometer is almost an all-in-one instrument, scanning simultaneously for axial
length, corneal radii and thickness, anterior chamber depth, lens thickness and
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White-to-White (WTW) (Figs. 4 and 5). Also, optical biometers calculate the
power of the required IOL, eliminating errors caused by transferring or transcrib-
ing data. Furthermore such optical biometers typically have an integrated database
of optimised IOL constants for several lens types, and modern optical biometers
have a direct link to IOL data platforms where lens data and optimised constants
can be directly downloaded or updated.

Modern optical biometers are able to measure more than 95% of eyes, with
cases involving opaque lenses or significant corneal scars making up the remain-
ing 5%.
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Fig. 4 a-d Non contact optical biometry. The peak refers to the signal of retinal pigment
epithelium
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Fig. 5 Hybrid diagram showing OCT image of the cornea and crystalline lens superimposed on
a diagrammatic representation of the human eye

Even when considering all striking benefits of optical biometry, ultrasound
biometry still has an application in the minority of eyes with significant opacities
of the ocular media that make them not amenable to optical measurement.

Both ultrasound and optical measurements are dependent to a certain extent on
the modelling of the medium within the eye. With ultrasound, the time delay is
converted into a depth in millimetres using an average speed of sound. In optical
biometry, the optical path length is converted into a depth in millimetres using an
average value for the refractive index. In both methods there can be errors because
the conversions are based on estimates of average properties, respectively speed of
sound and refractive index. As mentioned in 2.1 however, the variations in optical
measurements are significantly smaller compared to ultrasound biometry.

Comparison between ultrasound and optical biometry

Ultrasound Optical

Contact or immersion Non-contact

Specially trained personnel needed Delegable/operator independent results

Measurement is time-consuming Faster measurement and calculation

Main source of measurement errors today

Higher precision in measurement output

Two procedures (Axial Length/Anterior
Chamber Depth—Corneal Radii)

Single procedure (all measurements and IOL
calculation)
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Influence of Biometric Data for IOL Calculation

Size matters applies in the biometry of the eye. The length of the eye is one of the
crucial factors in calculation of the appropriate IOL.

The model calculation for an IOL to achieve emmetropia in an eye with stand-
ard axial length of 23.39 mm is based on the appropriate Effective Lens Position
(ELP) of 5.2 mm (as shown below). Variations in the axial length, corneal radius
of curvature/dioptric power of the cornea or ELP will lead to differences in the
IOL power required for emmetropisation of the eye as shown below:

Short eye “Normal” eye Long eye
AL 21 mm 23.39 mm 25 mm
ACD 3,1 mm 3.37 mm 3,6 mm
P (emm.) 31.61 D 21.63D 16,02 D
AP/AAL —4.80 D/mm —3.83 D/mm —3.35 D/mm
AP/AACD 1.27 D/mm 0.81 D/mm 0.57 D/mm
AP/AR 7.86 D/mm 8.07 D/mm 8.23 D/mm
AP/AK —1.41 D/D —1.44 D/D —1.47 D/D
AP/AELP 3.17 D/mm 2.02 D/mm 1.45 D/mm

Abbreviations used:

AL  Axial Length

ACD Anterior Chamber Depth
P Lens Power

R Radius

K Keratometer

ELP Effective Lens Position.

Potential Sources of IOL Calculation Errors

Incorrect biometric measurements of axial length, anterior chamber depth or lens
thickness, resulting from inappropriate instrument settings, outdated instrument
calibration or incorrect documentation will unavoidably lead to an incorrect calcu-
lation of the IOL’s power.

Erroneous interpretation of values, for example the conversion of millimetre
(mm) into dioptre (dpt) using an inappropriate keratometer index or not fulfilling
the model assumptions for the use of a keratometer index will cause errors in IOL
power calculation.
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Furthermore, not all formulae fit all eyes, especially in situations after refractive
corneal surgery. The use of inappropriate IOL calculation formulae (for instance
standard formulae after refractive surgery) or raytracing may lead to incorrect cal-
culation results.

Also, using incorrect formula constants for the respective IOLs (e.g. non-op-
timised constants or optimised for different environmental conditions) will cause
miscalculations in IOL power.

It is important to be aware that when using optical biometry the axial length
is measured from the corneal anterior apex to the retinal pigment epithelium, and
with ultrasound biometry the measurement is from the corneal apex to the inner
limiting membrane, whereas the actual image in the eye is created in between, in
the photoreceptor layer. Furthermore, the results displayed by the biometer are not
direct measurements since the data for the axial length are calibrated against a pre-
cision ultrasound biometer.

Inadequate measurement conditions can also lead to miscalculated IOLs. IOL
calculation formulae refer to the best distance vision without correction, plano tar-
get refraction. Ophthalmologists understand emmetropia as the best uncorrected
vision at 4-6 m distance, based on guidance by the respective ISO standard which
specifies that vision tests should be performed at 4-6 m distance (ISO 11979-
1:2018). In reality this is not a sufficient distance to qualify as infinity, meaning
that such “emmetropic” patients are myopic with a refraction of —0.25 dpt to
—0.167 dpt.

Also defined by an ISO standard are the labeling tolerances allowed for IOL
manufacturers (ISO 11979-1:2018). Depending on the IOL dioptre range, cer-
tain variances in power are considered acceptable (in general, the higher the IOL
power, the higher the accepted tolerance in power will be).

Practical Advice on Biometry Measurements

In general

When starting with a new IOL model, the standard process is to perform optical
and immersion ultrasound biometry and compare the results. If you have no per-
sonal experience with the new lens, it is recommended to check the IOL Con web-
site (www.iolcon.org) to determine if optimised data are available. If not, try to
find a lens on this website with the same material and similar geometry and try
to work with these constants. If you have personal experience with this lens from
contact ultrasound biometry, try to find out how much your A-scan readings and
keratometry results typically differ from the optical biometrical results. Refer to
the IOL Con website. As a rule of thumb, the A constant selected for applanation
ultrasonography should be 0.3-0.4 lower than the value selected for the optical
biometry or immersion ultrasonography. If you have personal experience with this
lens from immersion ultrasound biometry, you can use your immersion US con-
stants in the optical biometer. Differences between the keratometry readings of
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both systems may be present; if so, please refer to the above website. It should be
possible to use the optimised IOL constants from the IOL Con website for immer-
sion ultrasound biometry. Take your time for the correct positioning of the patient!

Axial length measurement

If the refractive error of the patient is 6 D or higher and there are problems see-
ing the fixation light, the patient should wear their glasses (for optical biometry).
If the pupil is very small or if the patient accommodates too much, mydriasis is
recommended. Look out for unexpected results, e.g. an axial length of 27 mm
in a patient with a +4 D refractive error. Double-check both eyes if the reported
axial length is less than 22 mm or more than 25 mm, if there is a difference in
AL greater than 0.33 mm in both eyes which does not correlate with the patient’s
refraction, or if the measurements do not correlate with the patient’s refractive
error. In general, myopes would be expected to have eyes longer than 24 mm and
hyperopes shorter than 23.5 mm

Keratometry

Keratometry should be performed prior to any contact or immersion measurement
of the eye (axial length or anterior chamber depth measurement if US measure-
ment is applied or Goldmann applanation tonometry). Contact or immersion meas-
urements may change the keratometry and the effect persists for a considerable
time (as is the case for contact lens use). Ensure, that the patient blinks before
measurement, and if needed apply rewetting eye drops and wait for some minutes.
Ensure as well that the patient has not worn contact lenses prior to the examination
(rigid contact lenses two weeks before examination, soft contact lenses one week).

Confirm the measurement if the average corneal power difference between the
two eyes is greater than 1 dioptre. Ask the patient to blink several times to improve
reflectivity of the cornea. Ask the patient to open his eye widely. Ensure that kera-
tometry data is always stated in millimetres (not in dioptre!) as millimetre data is
retrieved by keratometry.

Double-check both eyes if the corneal power is less than 40 D or more than
47 D, if there is a difference in corneal power greater than 1 D between both eyes,
and in case of prior keratorefractive surgery.

Anterior chamber depth measurement

With an optical biometer, ask the patient to look at the fixation light. Modern
optical biometers are capable of measuring both phakic and pseudophakic eyes.
Modern optical biometers are able to measure eyes with a pupil diameter as small
as 3 mm, whereas older optical biometers required ACD measurement under
mydriasis to eliminate fluctuations caused by accommodation and to facilitate
measurements in cases with small anterior chamber and small pupil size.

IOL calculation

It is recommended to print results from all formulae for a specific lens on one
page (4-in-1 function). Choose the appropriate formula in relation to axial length.
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Especially for critical eyes, use a formula which considers the measured anterior
chamber depth. IOL constants can be optimised using the optimisation feature of
the optical biometer or with modern WEB based platforms (e.g. IOL Con) which
cover technical data of the lenses as well as formula constants. Double-check the
measurements and re-run the IOL calculation if there is a difference in IOL power
of more than 1 D between both eyes, if the IOL power correlates poorly with the
patient’s refractive error (myopes will require <20 D IOLs and hyperopes >23 D
IOLs to reach emmetropia), or if the patient has had prior keratorefractive surgery
and the calculated power is less than +20 D or more than +23 D. If the lens is to
be placed in the sulcus or anterior chamber, use appropriate formula constants for
sulcus fixation of the lens, which are typically lower compared to bag fixation of
the lens.

Calculation of IOLs

During cataract surgery, the surgeon removes the cataracteous natural lens and
replaces it with an artificial intraocular lens (IOL) to compensate for the loss of
refractive power. To avoid over- or undercorrection, the IOL has to be chosen
according to the patient’s needs and the biometry of his/her eye. The IOL-constant
links the biometric measurements to the effective axial lens position in the eye. An
accurate estimation of the effective lens position is required to decide which IOL
power suits your patient best.

Today, all parameters needed for an IOL calculation can be obtained by mod-
ern biometry devices: anterior/posterior surface curvature and central thickness
of the cornea, axial length, and the respective refractive indices (cornea, aqueous
humour, vitreous) can be entered manually and used for calculation.

For the correct calculation of the IOL the biometry data of the pseudophakic
eye would be needed, but this is not available before surgery. Therefore, the pha-
kic eye is used as the basis for IOL calculation. Usually the axial length (prefer-
ably derived using optical biometry) and the anterior curvature of the cornea are
obligatory measurements, and for some formulae additional parameters such as
phakic ACD, LT or W2W are also helpful. All other factors involved in IOL cal-
culation are simplifications, assumptions and predictions. The cornea and the IOL
are both approximated as infinite thin lenses. The effective lens position (ELP)
is estimated from biometric data of the phakic eye. Refractive indices of the
aqueous and vitreous humour are taken from schematic eye models, and refrac-
tive indices for the cornea and the IOL are not necessary as both are regarded as
infinite thin lenses.

Target refraction?

What will be the correct target refraction? The objective should always be to
optimise visual quality for a specific cataract patient. Therefore, the lifestyle and
major activities of the patient should be taken into account. Emmetropia will
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probably be the target refraction in most of the cases, however in some cases
myopia of —1 to —4 dioptres might be useful for monovision or for reduction of
anisometropia.

Especially with multifocal lens implantations, care must diligently be taken to
reach emmetropia so that the patient gets the most benefit from multifocality and
reaches the highest possible level of spectacle independence. Success factors in
achieving emmetropia are: use of optimised IOL constants, choice of proper IOL
formula for biometry, use of optical biometry and consistent optical biometry
readings.

However, even after considering all of these factors, the IOL recommended by
biometry might not be available exactly in the requested dioptre or the IOL formu-
lae might generate different results. These obstacles can be overcome only through
experience with the respective IOL and with biometry. Some general guidelines
might be: first of all, each printout of the optical biometer should contain the
results of all IOL formulae (too often the printout shows the results with one for-
mula but for different lenses, which is of limited value) and the results with the
different IOL formulae should be compared to each other.

Evolution of Formulae

Many published and unpublished IOL formulae are available today. Over time dif-
ferent approaches for IOL calculation have evolved:

The simplest ‘theoretical-optical’ formula was devoloped by Swijatoslaw
Nikolajewitsch Fjodorow around 1970 with Vo' being the target refraction at the
spectacle plane (dO in front of corneal vertex), d1 refers to the IOL position, and
d1+d2 to the retinal position, both relative to the corneal anterior vertex (Fig. 6).
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= Power
n = Refractive Index
d = Distance

ELP = Effective Lens Position

Fig. 6 The Fjodorow formula
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Fig.7 SRK and SRK2 formula

The empirical approach, which is independent of any anatomical or physio-
logical eye model, relies on a “big data” approach. Here you’ll find simple for-
mulae like SRK, SRK2, which should not be used anymore due to their limited
accuracy (Fig. 7).

Where “A” is the A constant of the IOL, “K” for keratometry data, “AL” for
axial length and “A ;" as A +offset as function of AL.

But also modern approaches, like Hill RBF use a “big data” approach.

Theoretical-optical formulae are those formulae generally in use today
(including the use of the thin lens approximation and Gaussian optics) as well as
those with a significant empirical element (estimation of ELP, fudge factors or
assumptions about architecture of the ‘corneal dome”).

The most modern option for calculating IOL power, Ray Tracing, works with
or without simplifications of the thin lens approximation or the cornea and/or the
IOL and relies as well on a significant empirical component (estimation of ELP).

Current IOL Formulae

There are numerous suitable IOL calculation formulae available today, some of
which have been published, and others that are proprietary and available for pur-
chase in dedicated software tools or together with an optical biometer. Some are
more suitable for long eyes and others for eyes with a history of corneo-refractive
surgery (Figs. 8 and 9).

The formulae marked in red in Fig. 8 are those most frequently used in Europe.
Since these are published formulae, they are available free of charge. The grey
ones are the basic formulae. These were the first formulae, published around 1970.
With the blue ones we will find formulae which are suitable after refractive sur-
gery (these have been published and may be used without charge). The violet ones
are commercial formulae which have not been published and for which a fee is
charged.

A remark on SRK/SRK 2 (Sanders Retzlaff Kraff) and the Hill RBF formula,
as these have something in common even though SRK/SRK 2 are outdated and
Hill RBF a modern formula: both of these rely on the “big data”-approach—
and use empirical strategies without consideration of any anatomical model eye
(Fig. 9).

None of these formulae reflect the situation after refractive surgery—yet these
patients present more and more for cataract surgery these days. SRK/SRK2 are
outdated, SRK/T is a classic formula still frequently used, the Haigis formula
might show some effect on patient age as the crystalline lens is growing over time
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Fig. 8 Selection of IOL calculation formulae (this list is not intended to be exhaustive)
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Fig. 9 1OL calculation schemes commonly used in Europe

decreasing the ACD and increasing LT, Hill-RBF uses artificial intelligence (AI)
for selecting an appropriate IOL out of a huge amount of biometrical data. The
Olsen formula determines the ELP from the anterior and posterior vertex of the
crystalline lens by considering the ACD as well as LT.
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In fact, the theoretical-optical formulae are a mixture of physics and empiri-
cism and reflect the respective philosophy of the originator of the formula which
includes also using various factors, values and constants set up by the originator.

One aspect of the differences between all of the formulae available today is the
estimation of the ELP in the pseudophakic eye based on pre-operative biometry
data. Also, the interpretation of the corneal power resulting of the values of the
corneal anterior surface radius or the consideration of different refractive indices
may differ between the formulae. Furthermore, using various offset values for
biometric values or “fudge factors” and the use of different refractive indices for
ocular media will result in different calculated IOL powers.

Simplifications/Assumptions Applied to IOL Formulae

The following simplifications and assumptions apply to all IOL calculation for-
mulae: that no change of the geometry of the cornea is expected (the anterior and
posterior surface, corneal thickness and refractive index stay the same), or that
such changes can be predicted from the preoperative situation. The axial length
remains unchanged.

Only in formulae using a simplified model regarding the cornea and the IOL as
thin lenses will the ELP be relevant. The ELP is an estimated parameter which can
be predicted from pre-OP biometry results (axial length and corneal power).

The following simplifications apply to traditional IOL formulae, which are
frequently used today. Both the cornea as a convex-concave meniscus lens and the
IOL are regarded as a thin lenses (i.e. lenses with no volume). For the IOL the
refractive power is given by the manufacturer, whereas for the cornea the geometry
of the corneal anterior surface will be measured in millimetres. With keratometers
the radii of the cornea are measured in mm. This value has to be converted into
dioptres as this is the value needed for IOL calculation. Using the keratometer index
the appropriate formula to convert mm values into dioptres is shown in Fig. 10.

As a simplification the keratometer index will be used as a calibration factor
instead of the model of the cornea which includes the anterior and posterior surface
curvature as well as the central thickness and refractive index. The focal length of
the cornea could be defined with respect to the principal plane as is common in
optics or relative to the anterior or posterior vertex of the cornea. Depending on the
choice of the reference plane we will obtain different keratometer indices: for a cor-
nea according to the Gullstrand schematic model eye we obtain a keratometer index
of 1.3315 for the principal plane as reference, for the anterior vertex we obtain
1.332 (Zeiss Index) and for the posterior vertex we obtain 1.3375 (Javal index).

Corneal power = (1-nk)/Ra

Fig. 10 Calculating the corneal power (with ny as keratometer index and R as radius)
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Ray Tracing

The theory of Ray Tracing has been known for a long time, but has only been
applied to calculating IOLs for a few years with increasing interest today. Many
surgeons are still using third generations formulae for calculating the IOL power.
Such formulae use Gaussian optics with well known simplifications of paraxial
optics. Furthermore, such formulae implement more simplification regarding the
cornea and IOL as both are approximated as thin lenses. These principles have
been used for decades to provide IOL power calculation formulae.

Especially for eyes post refractive surgery or very long eyes such classic IOL
calculation formulae may fail. Instead of an analytical solution the calculation
can now be solved by numerical methods requiring a computer. Before computers
were common for IOL calculation, formulae with a set of assumptions and simpli-
fication were needed in IOL calculation.

The optics of the pseudophakic eye can be described by using Ray Tracing and
modern biometry techniques, and this new method offers a reliable prediction of
the actual IOL postion. Ray Tracing is a very modern technique which calculates
the path (trace) of a single ray of light through an optical system. The ray of light
is refracted at each optical surface of the system and changes its direction depend-
ing on the refractive power of the respective surface and according to Snell’s law.
For a single ray passing multiple surfaces the calculation is mathematically too
complex to be carried out using classic analytical formulae.

For Ray Tracing, data of acoustic axial lengths are needed and will be entered
into the Ray Tracing calculation or directly transferred from the biometry device.
The Ray Tracing program also includes all relevant data for the major IOLs on the
market. Ray Tracing uses a pseudophakic eye model. The parameters of the ante-
rior and posterior corneal surfaces should be measured using tomography.

IOL Calculation in Special Cases
“Long” and “Short” Eyes

A general source of error is the simplification and model assumptions in biom-
etry when optical lengths are converted into geometric lengths. The axial length
of “short” and “long” eyes has to be adjusted when the axial length has been
obtained by optical biometry as optical biometers may show a systematic error in
reporting higher values with increasing length. Calculating IOL power based on
optical biometry data and using classic formulae (which are based on using the
average refractive index, without taking the real axial length into account) will
lead to miscalculation of IOL power in both extremes: in long eyes the corneal
and lens power will be underestimated in relation to the vitreous humour, which
will be overestimated and which would result in IOL power leaving the patient
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with hyperopia. In short eyes the corneal and lens power will be overestimated, the
vitreous humour underestimated which would result in an IOL power leaving the
patient with myopia.

The Haigis formula and newer generation formulae, e.g. Holladay 2, Olsen
and Barrett will provide good results. If Holladay 1, SRK/T, Haigis and Holladay
2 are used, an adjustment is required with high myopes. When using the Barrett
Universal II formula, no axial length adjustment is required. It is worth bearing in
mind that, depending on the patient population, the anatomy of the anterior seg-
ment and the errors involved, it might be questionable if such an adjustment will
make sense or if better results are only provided statistically on average.

Recommendation: Use all your previous surgical data from eyes with axial
length >25 mm and derive your own IOL constants accordingly. Adapt the axial
length as appropriate to reflect the longer depth of the vitreous humour. Avoid
using this in eyes post refractive sugery.

Also, the labelling tolerance of the IOL manufacturers has to be taken into
account as the IOL power for hyperopic patients might be e.g. +35 dpt which
allows %1 dpt tolerance in IOL production.

Eyes After Refractive Surgery

After refractive surgery the relation between anterior and posterior corneal curva-
ture is impaired. In myopic LASIK/PRK the corneal anterior surface is flattened in
the center, whereas in hyperopic corrections the center is steepened. This leads to
an overestimation of corneal power after myopic corrections and to an undercor-
rection after hyperopic corrections. The consequence of this is that after myopic
corrections the IOL power is underestimated and the patient will end up with
hyperopia after LASIK, whereas the initially hyperopic patient will end up with
myopia after refractive surgery and subsequent cataract surgery.

Another problem which may arise after refractive surgery performed in child-
hood by PRK/LASIK is the transition zone around the small optical zone of
around 5.5 or 6 mm in diameter. If a keratometer measures curvature (especially
in decentered refractive procedures) at the transition zone, this will cause again an
overestimation of corneal power/underestimation of IOL power after myopic cor-
rection and vice versa after hyperopic correction.

The estimation of the ELP will be incorrect if IOL calculation schemes are used
where the ELP calculation is based on keratometry. Especially in these cases the
approximation of the cornea as a “thin lens” will result in miscalculations for IOL
power as such a lens can not be calculated from the anterior radius and classical
keratometer indices.

With myopic LASIK the curvature of the anterior cornea is reduced selec-
tively, meaning that such a cornea can not be described by a classic eye model any
more. After myopic LASIK or PRK the eye length is longer comparable to normal
eyes. Using appropriate formulae for “long” eyes is strongly recommended. After
myopic LASIK the refractive index will be overestimated and consequently the
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IOL underestimated, making such patients hyperopic after cataract surgery. When
performing hyperopic LASIK/PRK the central corneal curvature is increased and
becomes steeper due to circular ablation in the periphery. As eyes post hyperopic
LASIK/PRK are shorter, classic formulae for calculating IOLs will also fail in
these cases, and formulae appropriate for short eyes should be used.

Classic US-American IOL formulae assess the IOL position from the corneal
curvature (SRK/T, Holladay, Hoffer-Q). After PRK/LASIK the IOL will be placed
at a different (incorrect) position by such formulae: with myopic LASIK the cor-
nea becomes more flat, leading to a more anterior placement of the IOL, which
results in IOLs with less power and leaves the patient with a hyperopic refractive
outcome. In patients having undergone hyperopic LASIK, the cornea has become
steeper, the IOL placement will be more posterior leading to a higher IOL power
resulting in a myopic refractive outcome.

Our recommendation: Either consider IOL calculation formulae which do not
use k-values for assessing the ELP or make use of strategies which incorporate a
“thick” cornea initially.

Recommendations for biometry in eyes post refractive Laser surgery:

Never use standard formulae for eyes post-LASIK/PRK. The corneal power meas-
urements will be incorrect because the approximation of the cornea as a thin
lens is longer valid. In such cases assessing the radii might lead to incorrect data
because of the changes in asphericity. The Haigis or Olsen formulae will give bet-
ter results if the estimate of the ELP is based on the corneal refractive power (as
with Hoffer-Q, Holladay and SRK/T).

In general, when calculating IOLs for post-LASIK eyes it has to be differ-
entiated if the patietnt’s pre-LASIK refractive data of the cornea will be availa-
ble (eyes “with history”) or not (eyes “without history”). In patients having data
prior to refractive surgery it is possible to calculate the IOL based on the situation
before the refractive intervention. In such cases the latest measurement of the cor-
nea is needed as well as refraction before and after LASIK or the corneal refrac-
tive data before LASIK. Usually, it will be difficult to obtain such data many
years after LASIK surgery. Even if a “LASIK Passport” had been provided to the
patient after sugery it might have got lost in between the LASIK and the cataract
surgery.

In patients without such data, one option is to use the estimation of the correc-
tion when performing LASIK and compare it to standard corneal data. Another
option might be to use corneal tomography as it is essential for assessing the real
refractive power of the complete cornea without the simplifying approximation of
the cornea as a thin lens. In these cases no pre-LASIK data will be needed. With
OCT- and/or Scheimpflug technology now available, this should be the standard
method for post-LASIK eyes.

Furthermore, ensure that the ELP is not estimated based on the corneal radii
after PRK/LASIK (Fig. 11).

The ASCRS website offers helpful tools when calculating IOL power, also post
refractive surgery (https://ascrs.org/online-tools).
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Fig. 11 IOL calculation formula including all corneal data

Eyes Post Cross-linking

Caution must be exercised in this case, since everything discussed so far refers to
a standard eye. After Cross-linking the relation of the radii will change and the
refractive index of the cornea will be higher, therefore the refractive power of the
eye will be lower and accordingly the dioptre of the IOL has to be lower.

Children

The exact estimation of the IOL power required in congenital cataract is very dif-
ficult as the axial length and the corneal curvature changes constantly as a result
of the growth of the eyeball in the first 5 years of life. Most surgical strategies
involve selecting IOLs which leave the child hyperopic initially, with the expec-
tation of achieving emmetropia in the following years as a result of the eyeball’s
further growth. Alternatively the IOL power could be specified for emmetro-
pia anticipating the implantation of an add-on IOL at a later date as soon as
the child becomes myopic. Another option would be simultaneously or subse-
quently implanting two IOLs (one in the capsular bag, the other one in the sulcus
(=add-on lens) to adjust the IOL power according to the growth of the eyeball.
The add-on lens can be easily replaced at any time if necessary.

Aphakic Eyes

Here the question is whether the capsular bag will still be available for second-
ary IOL implantation or whether sulcus implantation, anterior chamber or iris fix-
ated IOL are possible options. In such cases different constants are needed which
will be significantly lower as a result of the higher distance to the retina for IOLs
implanted in these ways. Optical biometers should be used with settings adjusted
appropriately for aphakic eyes. Ultrasound biometry would produce an image
missing the two signals for the crystalline lens and with one signal for the anterior
surface of the vitreous humour. In these eyes Ultrasound biometry will only pro-
vide valid data if the aphakic measurement mode is used—this is based on a more
appropriate average sound velocity for an aphakic eye.
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Pseudophakic Eyes

Using ultrasound biometry in such eyes a very strong signal can be seen represent-
ing the IOL mostly followed by Ultrasound echoes which might overlay the retinal
signals. Especially in ultrasound biometry it is extremely important to know the
material of the implanted IOL, e.g. silicone IOLs show a significantly lower speed
of sound.

In general, optical biometry with settings adjusted to pseudophakic eyes is
highly favourable in such eyes as these biometers offer correct measurements and
appropriate correction factors for different IOLs. As with aphakic eyes the central
question in pseudophakic eyes concerns the condition of the capsular bag. If the
capsular bag is unstable or absent then sulcus or iris fixated IOLs together with
anterior chamber IOLs are the method of choice taking account of the different,
lower constants in such eyes.

Posterior Segment Surgery

Due to the differences in speed of sound depending on the different ocular media
(vitreous, silicone, gas) Ultrasound biometry is not the diagnostic technique of
choice in such eyes. Optical biometry using the specific settings appropriate to
native vitreous, silicone or gas will do far better.

Need for (Optimised) IOL Constants

The choice of correct IOL-power can be improved by continuous optimisation
of IOL constants. Reliable IOL-constants require a high number of pre-surgi-
cal biometry measurements together with the respective refractive outcomes and
information on which lens has been implanted. With a continuously growing data-
base of refractive success, IOL-calculation can become more and more reliable.

One parameter that appears to be essential in calculating the individual IOL
power for the respective patient is the correct value of the IOL constant provided by
the manufacturer. Such constants have to be updated on an ongoing basis with the
accumulation of more and more surgical data. Usually an IOL calculation has only
one constant, although some have more (e.g. the Haigis formula uses three). All
constants characterise material properties (e.g. the refractive index of the IOL mate-
rial), the shape of the optic of the IOL (e.g. the ratio of anterior to posterior radii),
the center thickness of the IOL, and the angulation and properties of the haptics.

It is assumed that constants are the same for all IOLs within one product range,
which may not always be the case as the characteristics (e.g. the relation of ante-
rior and posterior radii of an IOL) will most probably vary when referring to the
complete dioptre range of a respective IOL.
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The IOL constant is furthermore responsible for compensating for systematic
errors such as inaccurate conversion from corneal radius of curvature to dioptric
power, conversion of the reference plane (principal plane of the cornea to apex
plane), incorrect calibration of the biometer (calibration for targeting the RPE
instead of photo receptor layer), incorrect measurement of post-OP refraction, the
individual technique of the examiner/surgeon and the variation of the IOL geom-
etry covering the whole IOL model range (e.g. central thickness, relationship of
radii).

Today, IOL constants are personalised/individualised to compensate for system-
atic errors of the specific IOL. In the near future IOL constants will additionally be
optimised with regard to factors such as the biometer, keratometer, topographer,
tomographer, the refraction technique used to capture postoperative refraction, the
technique of the surgeon and the ethnicity of the patients.

Standard optimisation procedures include evaluating the outcome of post cat-
aract surgery data (keratometry, axial length, phakic anterior chamber depth, sta-
ble refractive results (e.g. 6 months post surgery), IOL model and IOL refractive
power).

In optimizing the constants used in Haigis’ formula for each eye, firstly the ELP
is calculated and then a regression regarding Axial Length and pACD using all
data sets is carried out to calculate a4 and a,.

For other IOL calculation formulae the idea of inverse calculation using the
ideal constant for each eye is extremely helpful. This involves deriving a “perfect”
formula constant for each eye, matching the preop biometry, postop refraction and
the power of the implanted IOL. Statistics (ideally the median as this is robust
for outliers) are needed for all eyes with SRK/2’s A A pACD

SFyon day’ COIsen’ a, (for standard values for a, and a,).

SKRK2> “ *SKR/T’ Hoffer’

Tools

IOL Con

After 20 years of optical biometry and the need for optimised IOL constants, and
given that the ULIB database has not been updated for more than three years now,
a new encyclopedic database, the IOL Con database, has been established. This
database containing IOL specifications has been established to fulfill the increased
needs of modern cataract surgery and IOL calculation. IOL Con holds an ongoing
agreement to incorporate the ULIB data within the IOL Con database.

The concept of IOL Con is evolving on an ongoing basis, in cooperation with
manufacturers of IOLs and biometry devices as well as with cataract surgeons
from all around the world. Optimisation algorithms for published IOL formulae
(SRK/T, Haigis, HofferQ, Holladay 1) have been implemented. With the dedicated
collaboration of cataract surgeons, IOL manufacturers, manufacturers of biometry
devices and scientists, a company-independent database for optimal IOL selection
which takes all important factors into account has recently been created. IOL Con
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is an open online database for continuous and automated optimisation and compi-
lation of (IOL) constants for cataract surgery.

This globally available and active database, which has been set up as an
“Alliance for Better Vision” is an internet platform which, on the one hand enables
all IOL manufacturers to provide all the relevant technical data and specifications
of their lens models, while on the other hand IOL Con offers a platform for char-
acteristics of intraocular lenses and the optimisation of lens constants for all oph-
thalmic surgeons worldwide. By collecting many datasets (consisting of pre-OP
biometry data, implanted IOLs and post-OP refraction) IOL Con is able to offer
reliably optimised IOL constants for formula-based IOL calculation. The volume
and the quality of the data is the crucial factor here: the more reliable data that
ophthalmic surgeons upload to the platform, the more reliable the optimised con-
stants are. In establishing IOL Con a new and modern web-based, publicly acces-
sible database for continuous archiving and automatic, manufacturer-independent
optimisation of IOL constants for common IOL calculation formulae (e.g. calcula-
tion according to SRK/T, Hoffer Q, Holladay 1, Haigis) has been made available.

The data regarding IOLs is provided internationally by both IOL manufacturers
and ophthalmic surgeons. It is continually adapted, expanded and updated which
allows a timely and standardised publication and distribution of optimised IOL
constants for the benefit of physicians and patients. This database offers physicians
a comprehensive overview of lens models and their technical specifications, easy
IOL selection of models based on criteria and/or manual selection as well as the
option of individual optimisation of lens constants. Biometry device manufacturers
are implementing IOL Con’s open XML interface to integrate IOL Con with their
devices.

Surgeons can register at IOL Con for free at https://www.IOLCon.org and can
use the various search functions of the platform and check their parameters with
the most up-to-date-constants by IOL Con. Additionally, surgeons can upload
their pre- and postoperative results to obtain globally and personally optimised
IOL-constants.

Summary and Advice

Today, optical biometry is regarded as a standard diagnostic tool and essential
basis for IOL calculation prior to cataract surgery. It is an indispensable part of
ophthalmology, and has fundamentally revolutionised cataract surgery. Some
aspects should be kept in mind:

Biometers cannot be used interchangeably at the moment, there is a high need
for optimised constants applicable to different biometers.

Be careful with keratometer values. Corneal power cannot be measured
directly by any instrument—a conversion from millimetres into dioptres is always
needed. Even in normal corneas the conversion from mm to dpt is not valid in
all cases, and the refractive power is quite often overestimated. In some cases this
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conversion is even more incorrect, e.g. after refractive surgery, with intracorneal
rings, after CXL etc.

Set up your own quality system. If you have collected a sufficient quantity of
surgical data with one IOL type, set up your own quality control. Tune your IOL
constants according to your own individual technique, biometer, keratometer or
Topo-/Tomographer, and technique of refractometry.

Issues with extremely long and short eyes are problems resulting from the use
of an average refractive index, and it is recommended not to use this any more.

The problem of cataract surgery following refractive surgery will be solved
when using tomography to measure the anterior and posterior surface curvature
and corneal thickness rather than evaluating/comparing the results of many differ-
ent strategies with and without clinical history. In most clinical cases the measure-
ment of corneal power and refraction BEFORE refractive surgery and/or refraction
before myopisation due to cataract may be missing.

The best IOL calculation and optimised constant cannot compensate for errors
in the biometry. Take your time and take an overall view of all measurements in
order to ensure consistency.

However, the ongoing improvement of optical biometry over the past two
decades has led to patients with higher expectations regarding the refractive out-
come after cataract surgery. Additionally post-LASIK patients are now presenting
for their cataract surgery or refractive lens exchange wishing for a life without
glasses. Such demanding patients put special pressure on ophthalmic surgeons
requesting an optimal post-operative refractive outcome. Thanks to the more pre-
cise measurement results of modern optical biometry, patients’ expectations can be
met far better than with ultrasonic measurements as the IOL calculation is much
more accurate. By implication, modern IOL concepts such as EDOF lenses have
become possible only as a consequence of the immense accuracy of IOL calcula-
tion using optical biometry.
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Introduction

Across the globe there are pressures on surgical training in all specialties. Long
training programmes, virtually unlimited access to surgical cases and a ‘see one,
do one, teach one’ approach are all a thing of the past. Training programmes are
getting shorter, there are fewer surgical opportunities on operating lists which
are filled to capacity and, not before time, a greater emphasis is being placed on
improving the safety of surgical training. All of these factors contribute to reduced
surgical opportunities for our current trainees.

There are also concerns that despite the adoption of competency based surgical
training programmes we are still producing ophthalmologists who are struggling
surgically. A survey of 58 US programme directors revealed that 9% of residents
had trouble mastering surgical skills, a quarter of these had poor hand eye coordi-
nation, one in five had poor intraoperative judgement and a third had still not over-
come these difficulties by graduation [1].

The aim of this chapter is to provide a practical, evidence based, guide of how
to teach phacoemulsification cataract surgery safely and efficiently using a combi-
nation of virtual reality and model eye simulation techniques and modern assess-
ment tools.

There is nowadays no doubt that increased time spent in practising surgical
technique will speed up the learning curve. There is also, however, no doubt that
being taught the correct thing to practise is as important. No single technique is
uniquely better than another and for the trainee it is very important to learn a range
of techniques so that surgical adaptability is built up.

So what are the core surgical skills we are trying to teach for any type of sur-
gery and how can simulation help develop these skills? Surgery is not just about
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learning isolated technical skills, developing manual dexterity, the basics of instru-
ment handling, dissection and suturing skills are important building blocks for any
surgeon and simulation can certainly help to hone these skills, but surgery is much
more complex than this. A good surgeon will have the ability to deal with evolv-
ing and unexpected situations, be able to give, listen to and act upon instructions,
as well as have the ability to make good decisions in pressurised situations. If all
simulation training does is to teach technical skills then we have missed an oppor-
tunity to fine tune the attributes that set surgeons apart from technicians.

So how do we go about designing a surgical training program that will produce
competent, confident and adaptable surgeons? I would suggest that the first step is
to have some understanding of the educational theories, which are the bedrock of
successful surgical training programs.

Educational Theory

Learning can be defined as the process of acquisition, assimilation and consoli-
dation of attitudes, skills, and knowledge. Learning is about how we perceive
the world, our understanding, about making meaning. As trainers and educators,
we preferably strive for learners to engage in deep, rather than surface learning.
Teaching can be seen as the process of transmitting, transferring, facilitating, or
intrinsically motivating someone’s development.

Adult Learning

Andragogy refers to adult learning, in contrast to pedagogy or childhood learning.
The American educator Malcolm Knowles defined andragogy in the 1980s as the
“art and science of helping adults learn” [2].

As an adult matures, they develop from being a dependent individual and
become more self-directed. Mature adults have accumulated a reservoir of expe-
riences that become a rich resource for learning. Adults develop readiness to learn
when they experience a need to know or understand something. Children tend to
be more subject-centred with an outlook of postponed application of knowledge,
contrasting with adults who are more problem-centred and who display a greater
immediacy of application of knowledge. Finally, as individuals mature, their most
powerful motivators to learn are internal. Self-directedness and personal motiva-
tion are crucial for surgical training, and especially simulation-based surgical edu-
cation. An eye surgeon who has not grasped self-directed learning and not fostered
their own motivation will struggle, and the achievement of mastery and expertise
will be almost impossible.

Personal motivation in surgical training is critical. This can however be internal
or external. Internal motivators may be the desire to accomplish a task, to succeed,
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or to be able to serve patients. External motivators are varied and many faceted,
including career progression, financial reward, respect from colleagues, certifica-
tion or more simply required assessment and examinations.

Constructivism

In contemporary psychology, constructivist theories are used to describe how peo-
ple learn: they propose that we learn by fitting new knowledge and understanding
in, and together with what we already know and understand; expanding or even
replacing old with new. There are a number of types of constructivist theory, but
their central notion is that of continuous building and amending of structures, or
schemata, in the mind that hold knowledge [3].

Constructivism describes knowledge being derived from processes where the
learner is an active participant rather than a passive bystander or passive recipi-
ent of knowledge. Furthermore, knowledge and meaning are changeable over time,
depending on the individual’s prior experience or knowledge. A practical exam-
ple of this is encouraging trainees to be proactive with their training and seek out
training opportunities, rather than relying on their trainers to “spoon-feed” them.

Experiential Learning

Surgical training has traditionally relied on an apprentice model. However, this
apprentice model, with its ‘see one, do one, teach one’ approach to surgical train-
ing, is being replaced by methods which have adopted a more nuanced form of
experiential learning.

Experiential learning describes the process of gaining knowledge continuously
through personal and environmental experiences. This constructivist perspec-
tive on learning is based on the idea that understanding is not unchangeable or
fixed, but can be formed or reformed by experiences. The learner must be able
to reflect on the experience, use analytical skills to conceptualise the experience,
and actively use the ideas gained by the experience to make decisions and solve
problems.

Reflection

Reflection and reflective practice can be seen as a critical aspect of experiential
learning as it transforms experience into learning. Donald Schon described two
different types of reflection within educational development: reflection in action,
and reflection on action [4]. Reflection in action might be a trainee commenting
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on their surgical performance during surgery, and reflection on action relating to a
commentary of a video recording of their performance.

Reflection and reflective practice are a cornerstone of surgical education,
including ophthalmic surgical training. Encouraging a trainee to reflect on their
cataract surgical performance is an important learning exercise. Once this becomes
embedded in the education and training process, it can develop into a life-long
learning tool for surgeons as they constantly strive for improvement of their skills.

Zone of Proximal Development

Lev Vygotsky’s suggested that trainees’ learning is best when activities are
focussed within their zone of proximal development (ZPD) [5]. Trainee novices
(or advanced beginners) may already possess a few skills, which they have mas-
tered and can perform solo; however there are other tasks or skills, which are too
distant or hard for them to perform alone. The space in between these two poles of
learning is the ZPD. An experienced trainer will know where the ZPD is for a par-
ticular trainee and structure the training to constantly take them just beyond their
previous level of competence, without asking them to attempt a new manoeuvre
that is several increments above their current level of competence.

Communities of Practice

Communities of practice and situated learning describe groups of people who
share a concern or a passion for something they do and learn how to do it bet-
ter as they interact regularly. This certainly applies to surgical trainees who work
together as peers, and with their more senior surgeon trainers.

Ophthalmologists operate within a variety of communities of practice, these
may include peers and seniors in an institution, country or international region;
within multi-disciplinary teams of ophthalmic nurses, orthoptists, optometrists,
and technicians; as well as health-care professionals throughout many departments
of a hospital. The overarching ethos of these communities of practice and their
attitudes towards teaching and learning is perhaps one of the most important fac-
tors in establishing a successful surgical training program.

Sustained Deliberate Practice

Psychologist K. Anders Ericsson has published widely on theories of expertise.
He challenged the view that merely engaging in a sufficient amount of prac-
tice, regardless of the structure of the practice, automatically leads to maximal
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performance. In other words how an individual becomes expert at a particular skill
has more to do with the how of practice, rather than merely performing that skill a
great number of times [6].

There are a number of important facets to deliberate practice. It is facilitated by
feedback. It encompasses the continual practicing of a skill at progressively more
challenging levels with the intent of mastering the skill. One of the challenges
of providing feedback of simulation-based deliberate practice is that a trainer or
assessor may not be available to observe performance. One potential solution
is the use of video recording of surgical simulation procedures, and subsequent
assessment of the recorded performance.

Simulation provides a great platform for gaining of expertise and mastery of
specific skills, as it provides the opportunity for extensive sustained deliberate
practice.

These key concepts proposed by the various educational theorists, should be used
to underpin curriculum development and the delivery of training which aims to;

e Offer a personal motivation to students.

e Be active and collaborative.

e Consist of concrete observations, abstract conceptualisation and active experi-
mentation, to benefit the student through experiential learning.

¢ Allow for re-examination and reflections of experience.

e Be focused on the zone of proximal development, i.e. the area of knowledge
between novice and competency or expertise.

e Offer a community of practice where learning can be shared.

e And finally offer the opportunity for sustained deliberate practice of the learned
skill.

Preparation Before Commencing Surgery

The following topics are essential components of any cataract surgery training
programme and are covered in some depth in other chapters of this book. Needless
to say it is essential that all trainees have a sound grasp of these before undertak-
ing surgical training;

— Ocular anatomy and pathophysiology of cataracts.

— Preoperative assessment of a patient for cataract surgery—history taking and
examination skills.

— Knowledge of biometry, intraocular lenses and refractive aims of surgery.

— How to consent a patient for cataract surgery.

— Anaesthetic techniques.

— Principles of sterile technique—hand washing, donning gowns and gloves.

— How to operate the surgical microscope.

— Phaco-dynamics and how to set up phacoemulsification equipment in prepara-
tion for surgery.
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— Knowledge of the surgical instruments and blades.

— An understanding of each step of phacoemulsification surgery and some of the
different options for performing each of these steps.

— Knowledge of the intraoperative and post-operative complications of cataract
surgery and how to manage them.

Simulation Based Training

In ophthalmology, as with other medical specialties, there has been a focus on
highly sophisticated technology models of simulation training. However, not all
simulation needs to be high-tech nor expensive, in fact there is an argument to
be made that high-tech does not always imply high-fidelity simulation. There is
also a danger that “surgical simulations are often accepted uncritically, with undue
emphasis being placed on technological sophistication at the expense of educa-
tional theory-based design” [7].

When considering the fidelity, reliability and validity of a training approach
and implementation it is important to bear in mind the four criteria for validat-
ing simulation-based training. In the domain of medical and surgical education,
validity refers to the degree to which an instrument measures what it sets out to
measure. Face validity describes whether the chosen tasks resemble those that are
performed during a surgical procedure in a real-life situation. Content validity is
whether the test actually resembles a specific skill, for example does the capsule
of a model eye behave in the same way as the human lens capsule during capsu-
lorrhexis? The reliability, or construct validity, pertains to the ability of a tool or
simulator to differentiate between the performances of a procedure of novice and
expert surgeons. In other words, construct validity is the degree to which the test
actually captures the skill level it was designed to measure, for example does it
discriminate between experts and novices. Predictive validity is often the most dif-
ficult to assess, and it relates to future performance and transfer of skills acquired
during simulation to the operating theatre. Simulation modalities that meet these
four criteria are highly likely to enhance surgical training.

Virtual-Reality Simulators

Three computerised simulators have been used for cataract surgical training
in ophthalmology: the Eyesi (VRMagic Holding AG, Mannheim, Germany),
MicroVisTouch (ImmersiveTouch, Chicago, USA), and PhacoVision (Melerit
Medical, Linkoping, Sweden).

The Eyesi is the most widely used of these virtual-reality simulators (Fig. 1).

It consists of a mannequin head, instruments, foot pedals and a virtual-reality
interface, which is seen through the operating microscope. The cataract interface
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Fig. 1 Eyesi simulator

consists of all the major steps of the cataract procedure apart from creating an inci-
sion, in addition to abstract modules, which train basic skills, such as navigation
within the anterior chamber, anti-tremor training and bimanual training. All mod-
ules can be used on different difficulty levels.

The automated assessment provided by the simulator consists of 21-33 differ-
ent outcomes categorized into five main outcomes:

Target achievement

Efficiency, which is based on the total time that instruments are inserted in the
eye

Instrument utilization

Tissue damage e.g. corneal, iris, lens or posterior capsule trauma

Microscope usage.
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Parts of the scoring system are based on motion-tracking technology, which
involves the measuring of millimeter movement of instrument tips and the number
of instrument closings (i.e. how often a forceps is closed), whilst others are time
based.

One of the great strengths of the simulator is the ability to carry out sustained
deliberate practice, repeating tasks over and over again and seeing improvement.
Some of its features like focussing and zooming with the foot pedal controls are
just like the real thing, but the physical feel of the simulation is somewhat lacking
and it is very much reliant on visual rather than tactile feedback. There is also a
facility to playback a recording of the simulation undertaken and the software will
highlight errors in surgical technique.

Construct validity studies have proven that the EyeSi can distinguish between
novice and intermediate or experienced surgeons [8, 9] and a number of studies
have demonstrated that technical skills acquired with EyeSi training, such as cap-
sulorrhexis performance, are transferable to the operating theatre [10], so proving
that there is a degree of predictive validity.

A high correlation has been found between the automated EyeSi performance
scores and real-life cataract surgery performance, as measured by motion track-
ing metrics [11]. The same group have also demonstrated that a proficiency-based
EyeSi training programme improved surgical performance by 32% in novice cat-
aract surgeons (had only performed steps of surgery) and 38% in intermediate
surgeons (1-75 cases) as measured by an Objective Structured Assessment of
Cataract Surgical Skill rating scale [12].

Perhaps the most convincing evidence of the predictive validity of Eyesi train-
ing is the Royal College of Ophthalmologists National Ophthalmology Database
study [13]. In this series of 17,831 cases performed by 265 1st and 2nd year
UK residents between 2010 and 2016, the posterior capsule rupture (PCR) rates
for trainees who had access to an Eyesi fell from 4.2 to 2.6%, a 38% reduction. In
those hospitals where there was no access to Eyesi training PCR rates only fell by
3% during the study period.

In light of this study it could be argued that Eyesi training should be mandatory
for all trainees prior to commencing live phacoemulsification surgery.

Model Eyes

Artificial eyes made with plastic and other synthetic materials have been used and
developed over the past decade for ophthalmic simulated training.

In the UK, Phillips Studio have developed a wide range of artificial eyes for
use in training for cataract, glaucoma, corneal, strabismus and vitreo-retinal sur-
gery (Phillips Ophthalmic Simulated Surgery: Phillips Eye Studio). The Simulated
Ocular Surgery website (simulatedocularsurgery.com) demonstrates how these
eyes can be used to simulate a wide variety of surgical procedures.
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There are two types of cataract eyes, a basic and an advanced model. The basic
eyes are hemispherical The cornea has a similar feel to a real cornea, allowing
trainees to practice wound construction and their corneal suturing skills. The lens
has an anterior capsule, which has very similar properties to the human capsule
and enables trainees to practice capsulorrhexis techniques (Fig. 2).

The lens itself is made from a gel-like material of varying consistencies, to
mimic different types of cataracts. These lenses behave in a similar way to the
human lens during phacoemulsification surgery, enabling the trainee to practice
their sculpting, cracking and segment removal techniques, but they do not have a
lens cortex. Once the lens has been removed an IOL can be inserted.

The advanced phaco eyes are spherical and have an anterior and a posterior
chamber (Fig. 3). The lens is encased within a capsule and the lens comes in a
number of different densities, to simulate different types of cataract. The posterior
chamber can be filled with egg white as a vitreous substitute. These eyes can be

Fig. 2 Phillips Studio—
capsulorrhexis and nucleus
sculpting with basic cataract
eye
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Fig. 3 Phillips Studio—advanced cataract eye

Fig. 4 Kitaro Dry-lab

used to simulate either routine or complicated surgery such as posterior capsule
rupture with vitreous loss, a dropped nucleus, a zonular dialysis +/— vitreous loss
and even an expulsive haemorrhage. Videos of these types of simulation can be
found on the Simulation Gallery website (gallery.simulatedocularsurgery.com)
‘Kitaro DryLab’ is a tool to teach and learn some steps of cataract surgery
(Fig. 4). It is mobile, and can be used on a desktop, and without the use of an


http://www.gallery.simulatedocularsurgery.com
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Table 1 Comparison of simulation tools for each step of phacoemulsification surgery

Eyesi | Phillips eyes | Kitaro eyes | Bioniko eyes | Porcine eyes
Wound construction | NA ++ ++ + o+
Capsulorrhexis +++ ++ ++ ++ +
Hydrodissection ++ + + + ++
Nucleus sculpting + +++ ++ ++ +
Nucleus cracking + ++ ++ ++ +
and segment
removal
Aspiration of lens +++ NA NA NA +
cortex
Implanting IOL ++ +++ ++ ++ +

+++ Excellent, ++ Good, + Fair, NA not applicable

operating microscope (Frontier Vision Co. Ltd., Hyogo, Japan). The Kitaro mod-
els are particularly useful for practicing capsulorrhexis techniques and for nucleus
cracking.

The Bioniko system uses 3D printed model eyes which can be used to simu-
late a wide variety of surgical procedures, including phacoemulsification surgery
(Bioniko Models, Florida USA). The OKULO Brown 8 is the model used for
phacoemulsification surgery and can be used to practice all of the steps of surgery
except aspiration of the lens cortex.

Guilden Ophthalmics have developed ‘phaco practice patient replacement
eyes’. A number of steps of phacoemulsification cataract surgery can be practiced,
including the capsulorrhexis (Guilden Ophthalmics, Elkins Park, PA, USA).

Although animal eyes such as goats eyes soaked in formalin, cows eyes and most
commonly porcine eyes, have been used for decades for practicing wound construc-
tion, capsulorrhexis and sculpting of the nucleus, they all need to have a dedicated
wet-lab, as the use of these eyes in a normal operating theatre would have serious
health and safety, and ethical barriers. It is also important to recognise that in certain
countries, cultural and ethical sensitivities preclude the use of certain animal models.

With the advent of relatively low cost, high fidelity model eyes, which have no
issues with storage or disposal and can be used in an operating theatre or a wet-
lab, the use of animal eyes is being phased out of most training programs.

Table 1 Summarises the strengths and weakness for the Eyesi, Phillips Eyes,
Kitaro eyes and porcine eyes for simulating the 7 steps of phacoemulsification

surgery.

Assessment Tools in Ophthalmic Surgical Training

As post-graduate surgical education has changed over the past decade to a compe-
tency-based model, surgical training programmes have been directed by the Royal
Colleges and General Medical Council (GMC) in the UK and the Accreditation
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Council for Graduate Medical Education (ACGME) in the US, to provide evi-
dence of the attainment of competence by trainees.

In 1997, the ACGME endorsed the use of educational outcomes measures as
a tool in assessing residency programmes’ accreditation status. They specifically
identified six areas of competence for residency education in ophthalmology
including medical knowledge, patient care practice-based learning, interpersonal
and communication skills, professionalism, and finally systems-based prac-
tice. The seventh area of competence, surgery, was subsequently included by the
American Board of Ophthalmology.

The long-term goal of implementing the ACGME guidelines is to improve resi-
dent medical and surgical education by using outcomes measures to improve feed-
back and teaching techniques. In ophthalmic surgery, the goal is also specifically
to assess surgical skill, improve the surgical learning curve.

For this, training institutions and programmes need valid assessment tools. A
number of assessment tools, for both live and simulated surgery, have been devel-
oped for surgical training in the field of ophthalmology.

OSACSS (Objective Structured Assessment of Cataract Surgical Skill)

The OSACSS was developed as an objective performance-rating tool. The grading
system contained global as well as phacoemulsification cataract surgery task-spe-
cific elements [14]. The global rating system was adapted from the previously
validated objective structured assessment of technical skill (OSATS) tool pre-
viously validated for assessment of technical skills in simulated and live surger-
ies. The OSACSS system records the trainee’s performance, and has advantages
over direct observation as it is free of direct observational bias as the grading can
be anonymised. OSACSS has construct validity for phacoemulsification cataract
surgery.

OASIS (Objective Assessment of Skills in Intra-ocular Surgery)

The OASIS was developed in Harvard, Boston in 2005 [15]. The aim was to
develop an objective ophthalmic surgical evaluation protocol to assess surgical
competency and improve outcomes—developed specifically for phacoemulsifi-
cation cataract. A unique database of all resident cataract cases over a one-year
period at a tertiary hospital, and constructive feedback by experts in resident
teaching assisted in creating a single page evaluation form. This provides an
in-depth record of pre-operative, intra-operative, and post-operative data. OASIS
has face and content validity and can be used to assess, objectively, surgical events
and surgical skill. The main purpose of OASIS is the direct observation of live sur-
gery, and surgical assessment.

GRASIS (Global Rating Assessment of Skills in Intraocular Surgery)
Complementary to OASIS, the GRASIS is a more subjective measurement [16]. It
can be used to assess an ophthalmic surgical trainees’ surgical care as well as their
surgical knowledge, preparedness, and inter-personal skills. It has face and content
validity.
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SPESA (Subjective Phacoemulsification Skills Assessment)

The Subjective Phacoemulsification Skills Assessment (SPESA) [17] assesses
trainee performance in cataract surgery by combining a global approach, very
similar to GRASIS and ESSAT, with detailed stage-specific criteria of the critical
components of cataract surgery.

OSCAR (Ophthalmic Surgical Competency Assessment Rubric) Origins

An assessment matrix (Ophthalmic surgical competency assessment rubric—
OSCAR) for live ocular surgery has been developed and validated by the
International Council of Ophthalmology [18]. These OSCARs were originally
based on the OSACSS described by Saleh, however they have been expanded
by creating a set of behaviourally-anchored scoring matrices that precisely and
explicitly define what is expected for each step (Table 2). The rubric was based on
a modified Dreyfus model [19], however the final ‘expert’ category was omitted,
as trainees were not expected to become experts during training.

OSSCAR (Ophthalmic Simulated Surgical Competency Assessment Rubric)
OSSCARs are modifications of the ICO OSCAR matrices to be used with model
eyes (Table 3). The principal modification is that OSSCARS only have three
stages of competence, Novice, Advanced Beginner and Competent and surgical
steps that cannot be simulated with the model eyes have been removed.

The learning outcome would be that a trainee is able to perform all the stages of
the technique to a level of clearly defined ‘competence’, and thus be able to pro-
gress to live, supervised surgery in the operating theatre.

Although the OSCAR/OSSCARs at first glance look like rather wordy matri-
ces, trainers very quickly learn to gauge which column a trainee falls into without
having to slavishly read each descriptor.

Preparation for Live Surgery

As there is now clear cut evidence that Eyesi training improves performance in
live surgery and significantly reduces PCR rates it should be viewed as the “Gold
Standard” for training prior to commencing live phacoemulsification surgery.
However, as has been discussed in section ‘Model Eyes’ of this chapter, model eye
simulation should also play an important and complementary role alongside Eyesi
training, on the journey towards live surgery.

How to Get the Most Out of Eyesi Training

The Eyesi has a pre-installed Surgical Courseware which is a structured ready-to-
use training curriculum. The courseware has ascending degrees of difficulty and to
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advance through a course trainees must meet a required performance level on each
task.
The following are tips to get the maximum benefit from Eyesi training.

— Induction session with trainee to introduce them to the instrumentation, and
Courseware.

— Supervision by a trainer (this can be a more senior trainee) at least for the first
hour of Eyesi training and then periodic observed sessions to make sure the cor-
rect techniques are being adopted.

— Monitoring of training data. This can be done individually with trainees by
viewing their scores on the local Eyesi or by using VRmNet, VR Magic’s web-
based training portal through which supervisors can view their trainee’s training
history online and compare their results to peer group training data.

— Practicing in pairs. Many trainees find it helpful to work through the
Courseware in pairs, giving each other tips about how to pass the trickier
modules.

— Revisiting Eyesi training if a trainee is consistently finding a particular manoeu-
vre difficult during live surgery, or to help rebuild confidence after a surgical
complication.

— Creating bespoke courses for more advanced trainees who are moving towards
independent live surgery. Although there are pre-set courses with variable
degrees of difficulty for different stages of surgery such as capsulorrhexis and
nucleus sculpting, it is possible to create courses designed to practice a specific
task. This is helpful when a trainee wants to practice a new capsulorrhexis tech-
nique, or change from a “divide and conquer” technique to a “stop and chop”
technique.

As trainees progress through the Eyesi Courseware levels they can be introduced
to simulation using model eyes. Although this training traditionally takes place
in a wet-lab, if there is access to such a facility, the model eyes should also be
used in the operating theatre where a trainee will be performing live surgery. This
form of immersive simulation gives the trainee the opportunity to get comforta-
ble with the operating microscope and phacoemulsification equipment they will
be using in live surgery and enables them to practice the more tactile elements of
surgery, such as wound construction, nucleus sculpting and manipulating nuclear
fragments.

Once a trainee has completed the Eyesi Courseware A and B and has demon-
strated their competence on the model eyes with the phacoemulsification
OSSCAR, they are ready to be introduced to live surgery.
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Live Surgery

Prior to commencing live surgery it is important to set some ground rules about
how the trainee and trainer will communicate with each other and with the patient
during surgery. Trainees need to be reminded that patients will be able to hear
exactly what is being said during surgery and may pick up on certain phrases
and perhaps, more importantly, the tone of voice being used. It is essential that a
calm reassuring tone is used throughout and that words such as “sorry” should be
avoided. Having some coded phrases which indicate when a trainee should stop
what they are doing and listen for further instruction, or hand over to the attending
surgeon, are also helpful.

Ideally the first exposure to live surgery should be on dedicated training lists,
with reduced numbers of patients, who have no ocular or systemic comorbidities.
Patients should be informed during the consent process that part of their surgery
will be performed by a trainee surgeon under close supervision and that the trainee
has demonstrated their competence to perform these parts of the operation on a
simulator.

Trainees should have spent a number of lists assisting their trainer so they can
observe how he/she communicates with the scrub team and patients and how they
perform each step of the operation.

The Steep Part of the Learning Curve—Cases 1-20

A number of models of training have been used for teaching cataract surgery, the
most commonly used of which are repeating the same part of the procedure sev-
eral times on a list and so-called “reverse chaining” or “backing in”, wherein the
steps of the procedure are learned from the end of the procedure forwards, so in
theory at least the trainee is operating in good conditions all the time.

Most trainers use a combination of these two teaching methods and will have a
personal preference for the order they teach the different stages, for example;

— Correct draping procedure.

— Removing viscoelastic at the end of a case.

— Inserting the IOL and then removing the viscoelastic.

— Corneal and side port incisions and filling anterior chamber with viscoelastic.

— Aspiration of cortical lens material.

— Removal of nuclear fragments and using the second instrument to manipulate
lens fragments.

— Sculpting of the nucleus, rotating and cracking nucleus.

— Capsulorrhexis—trainees who have trained on the Eyesi often find capsulor-
rhexis relatively straightforward and so this stage can be introduced after a
trainee has mastered wound construction.
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As a trainee gains confidence and competence with each of these stages the next
step is to start stringing these stages together, whilst being mindful of the length
of time being taken for each procedure. The concept of the Zone of Proximal
Development is worth bearing in mind, as trainees progress through these stages.

The following are common stumbling blocks trainees may encounter in the
early part of their training and the remedies for addressing them.

— Pressing on the main incision or side port incisions causing the anterior cham-
ber to shallow. This is something that trainees are not penalised for during Eyesi
training, in fact they may actually consciously press posteriorly on the manne-
quin eye to stabilise it and so improve their score. Using the Phillips or Kitaro
model eyes helps to correct this fault.

— Tentative capsulorrhexis technique. The best way to address this is more super-
vised Eyesi training.

— Not grooving deeply enough before trying to crack the nucleus and/or not plac-
ing the phaco tip and second instrument deeply enough into the groove before
attempting to crack the nucleus.

— Rounding off the edges with a divide and conquer technique leading to the crea-
tion of a nuclear bowl.

— Poor nuclear rotation technique with too much posterior pressure being applied.

— Poor use of the second hand instrument, because they are concentrating so
much on the phaco tip.

All of these problems dealing with the nucleus are best addressed using the
Phillips or Kitaro eyes, as they require tactile feedback.

— Problems with cortex aspiration such as failing to occlude the aspiration tip with
the cortex before applying vacuum, or being in the incorrect plane relative to the
capsulorrhexis. Further supervised Eyesi training will correct these faults.

Feedback should be given immediately after each case, pointing out what aspects
of the surgery went well and making suggestions for improvements, with the aid
of sketched diagrams. Reviewing recordings of the surgery is incredibly valuable
as it enables the trainer to point out aspects of a trainee’s technique, which could
be modified and practiced on the Eyesi and/or model eyes before the next theatre
list.

Getting in the Groove—Cases 20-100

Once a trainee can consistently perform all of the steps of phacoemulsification and
is starting to perform operations from start to finish, the next step is to consoli-
date what they have learnt and concentrate on improving the flow and efficiency
of their surgery. If trainees have access to two or more operating lists of suitable
cases per week, the majority will progress rapidly during this phase of training.
Reviewing recordings of their surgery is also invaluable at this stage as trainees
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can often identify when they are carrying out unnecessary manoeuvres or are
being inefficient.

A wider variety of cataract morphologies can be selected, but it would still be
prudent to avoid mature cataracts, pseudoexfoliation cases, smaller pupils and very
hypermetropic or myopic eyes. Once a trainee is consistently performing com-
plete procedures in less than 20 min, with minimal intervention from their trainer,
they are ready to learn different surgical techniques using a combination of Eyesi
(Intermediate Courseware C) and model eye training. For example, using forceps
instead of a cystatome needle to perform a capsulorrhexis, or performing a “stop
and chop” instead of a “divide and conquer” technique for nuclear fracture.

It should be emphasised that no one technique is better than another and that
mastering a range of techniques will help them become more adept and adaptable
surgeons.

Increasing Case Complexity—Cases 100+

It is at this stage that trainees are, in general, ready to take on more complicated
cases with ocular and systemic comorbidities which will make surgery more chal-
lenging. There are Eyesi modules to simulate more difficult capsulorrhexis scenar-
i0os, mature cataracts and weak zonules, which trainees should undertake before
tackling more complex cases. Closer supervision is required during these cases, as
a trainer can often pick up subtle signs of an imminent problem, such as a deepen-
ing of the anterior chamber, and intervene before a complication occurs.

It is almost inevitable that complication rates will rise during this phase of
training and it is imperative that trainees are offered support and encouragement if
they encounter complications.

Management of Posterior Capsule Rupture and Vitreous
Loss

One of the unintended consequences of improved phacoemulsification training is
that even trainees who have performed 300 or more surgeries may have had very
few opportunities to manage cases where there has been a PCR and vitreous loss.
Although PCR is associated with an increased risk of endophthalmitis and retinal
detachment, if managed correctly the visual prognosis can still be excellent, with
preservation of the anterior capsule support and placement of an IOL in the sulcus.

Once again a mixture of Eyesi and model eye simulation techniques can be
used to simulate PCR and vitreous loss. The latest Eyesi software includes a PCR
and vitreous loss module, which enables trainees to familiarise themselves with
the anterior vitrectomy instrumentation and the use of triamcinolone to stain the
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Fig. 5 Eyesi—PCR module showing vitreous stained with triamcinolone

vitreous (Fig. 5). The foot pedal controls can be used to switch from vitrectomy to
aspiration mode and the simulation of removing the vitreous from the capsular bag
and anterior chamber is very realistic.

Phillips advanced cataract eyes have been designed to be used for simulating
complicated cataract surgery. The posterior chamber of these eyes can be filled
with egg white, to simulate vitreous and the posterior capsule and/or the “zonules”
can be tampered with to induce a posterior capsule rupture or zonular dialysis.
Videos of how to set up these eyes for this type of simulation and of the Eyesi
PCR modules can be found on the Simulation Gallery website (gallery.simulate-
docularsurgery.com)

The following is an example of modular PCR training:

— Didactic teaching about how to prevent PCR and how to manage patients who
have had complicated surgery post-operatively.

— The principles behind anterior vitrectomy for PCR and IOL implantation
options.

— Videos of correct and incorrect management of PCR with vitreous loss

— Eyesi PCR modules—this training should be under the supervision of a trainer
and not undertaken solo.

— How to set up for the phaco for an anterior vitrectomy.

— Practice anterior vitrectomy techniques with Phillips advanced cataract eyes by
intentionally piercing the posterior capsule once the cataract has been removed


http://www.gallery.simulatedocularsurgery.com
http://www.gallery.simulatedocularsurgery.com
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Fig. 6 Anterior vitrectomy simulation with Phillips Studio eye and triamcinolone substitute

by phacoemulsification (Fig. 6) This enables trainees to transfer skills acquired
with the Eyesi to the theatre environment.

— Simulate complicated cataract surgery without trainees or scrub team being aware
of what complications might ensue. This truly immersive simulation is akin to the
simulation undertaken by pilots and aircrew, who are not aware of what problem
they are going to encounter before the simulation commences. This vitreous loss
“fire drill” training is an excellent way of making sure all members of the theatre
team know what is required of them in the event of a PCR [20].

At the conclusion of this chapter it is appropriate to mention that the simulation
is not just for trainees and that even experienced surgeons can benefit from time
spent on the Eyesi or using the model eyes. This is especially true when it comes
to practicing the management of surgical complications or when trying a new sur-
gical technique. The desire to continually improve one’s surgical skills should be a
lifelong quest and we are fortunate to have the tools to achieve this, without com-
promising the safety of our patients.
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Introduction

There are numerous circumstances and/or conditions that combine to make cata-
ract surgery more challenging. These can be related to previous surgical treatment
(e.g. laser refractive surgery, corneal surgery or vitrectomy) or can be associated
with ocular co-morbidity (e.g. uveitis or corneal diseases such as Fuchs’ endothe-
lial dystrophy) or patient’s general condition (such as extreme kyphoscoliosis and
related posturing difficulties).

Surgeons and patients should be aware of factors that might make cataract
surgery more difficult, or that may adversely affect the outcome. This awareness
will inform decisions about the surgical technique, and grade and experience of
the operating surgeon required as well as the pre- and post-operative care. Most
importantly, it will influence the counselling and advice given to patients about
their surgery and enable patients to make an informed decision on whether or not
and when to proceed with surgery. (See chapter “Risk Stratification” for more
details).

Mastering cataract surgery is a matter of becoming a specialised cataract sur-
geon who can deal with complex cataract situations consistently and reliably. The
learning curve is steep for the most difficult cases because such cases are uncom-
mon and in small centres might be very exceptional. In this chapter, we will pro-
vide a guide for the cataract surgeon and their team to identify, counsel, prepare
for, and manage difficult cataract cases.

Pre-Operative Challenges

Immunosuppressed

Immunosuppressed patients are more vulnerable to infections and inflammation
post-cataract surgery. Patients may be immunosuppressed due to different causes
or patients may be taking immunosuppressant medication for autoimmune dis-
eases (for example post-organ transplant treatment and cancer). Taking a care-
ful history including an extensive past medical and medication history is vital
to identifying patients’ systemic morbidities that may affect cataract surgery
outcomes.

It is important to ensure that a multidisciplinary approach is followed for such
patients and that counselling involves in detail the specific higher risks of infec-
tion/inflammation and this is balanced against the benefit of seeing better after
cataract surgery. Patients on immunosuppressant therapy must be informed of the
increased risks of sight threatening infection compared to the general population
[1]. Full blood count may be helpful for checking level of risk. Perfect wound con-
struction for watertightness is mandatory. Where there is doubt, place a suture to
ensure watertightness. A scleral tunnel incision could also be considered.
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Hypertension

A blood pressure of below 180 mmHg systolic (SBP) and 110 mmHg diastolic
(DBP) is generally considered acceptable to proceed with phacoemulsification.
However, uncontrolled blood pressures can increase the risk of adverse medical
events (e.g. cardiovascular and neurological). Furthermore, it is linked to increased
risk of ocular haemorrhage which can be sight threating [2].

Patients with SBP> 180 mm Hg and/or DBP> 110 mm Hg are believed to
have an increased risk of major adverse perioperative cardiovascular and neuro-
logical events. However, this evidence is mostly derived from patients undergoing
major cardiac or vascular surgery and may not be applicable to cataract surgery.
A UK series of 734 hypertensive cataract patients, including 87 patients (12%)
with SBP> 180 mm Hg or DBP> 110 mm Hg, had no systemic adverse events,
including cardiac arrest, myocardial infarction or stroke. This study concluded that
since the risks are usually low, delaying cataract surgery in patients undergoing
local anaesthesia just for isolated increased in blood pressure is not reasonable.
However, all 734 patients did have previously well controlled hypertension [3].

Studies show that rather than pre-operative hypertension, fluctuations in blood
pressure is more associated with cardiovascular risk factors. Therefore, it is rec-
ommended that during the perioperative period the mean blood pressure should
remain within 20% of baseline [2, 4].

Diabetes and Hyperglycaemia

As patients may be required to fast for cataract surgery, fluctuations in glucose
levels may result. It is therefore advisable to put patients with diabetes especially
those who are insulin dependent earlier on the surgical list especially if planned
for sedation.

Surgical stress can lead to peri-operative hyperglycaemia. Pre-operative hyper-
glycaemia is linked to adverse events including delayed wound healing, infec-
tion, diabetic ketoacidosis and non-ketotic hyperosmolar state. There can be an
increased risk of cystoid macular oedema (CMO) and worsening of retinopathy.
Furthermore, patients with high glucose levels may need insulin infusion.

HbAlc of <8.5% (69 mmol/mol) should be considered as acceptable for sur-
gery according to the UK guidelines [5]. HbAlc may be used as an indicator of
overall glycaemia control.

It is advisable in patients with active diabetic retinopathy to get advice on con-
current management of the retinopathy from a medical retina colleague prior to
proceeding with surgery. There is significant interplay between diabetic retinop-
athy (DR) and cataract. The cataract can cause difficulty examining, diagnosing
and treating DR and inversely cataract removal can exacerbate untreated DR/
maculopathy.
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Pre-operative optical coherence tomography (OCT) of the macula is a must to
identify cases of clinically significant macular oedema (CSMO) so that it can be
treated accordingly. An injection of anti-VEGF can be done at the end of cataract
surgery to prevent worsening of macular oedema. Where there is inadequate view,
early follow up within days is mandatory as cataract surgery can set off acute pro-
gression of maculopathy.

A combined pars plana vitrectomy with phacoemulsification and intraocular
lens (IOL) insertion should be considered for patients with advanced diabetic eye
disease—these are usually younger patients with Type 1 DM. These cases should
be handled by surgeons trained in vitreo-retinal surgery.

There is a higher risk among the diabetic patients of developing post cataract
surgery cystoid macular oedema (CMO). This has created a debate on whether
to give prophylactic non-steroidal anti-inflammatory drops (please see chapter
“Pseudophakic Cystoid Macular Oedema” for more details). The evidence is to
add prophylactic non-steroidal anti-inflammatory drops to the steroids for all dia-
betics and we should add this.

It is also important to consider those patients who have a dense cataract with a
poor fundus view for cataract surgery. Cataract extraction would allow visualis-
ation of the macula and retina, facilitating management for diabetic retinopathy.
Therefore, cataract surgery is recommended sooner rather than later in these cases,
as their DR can be assessed, and subsequent follow-up can be established.

Finally, to aid good fundal view for diabetic retinopathy screening, fundoscopy
in clinic and potential pan-retinal photocoagulation (PRP), a good sized anterior
capsulorrhexis is recommended to reduce the risk of anterior capsular fibrosis and
phimosis. Special design IOLs (e.g. square edge) and biomaterials which reduce
the risk of capsular contraction syndrome (CCS) and opacification should be used.

Anticoagulants

Anticoagulants such as warfarin, direct oral anticoagulants (DOACSs) and novel oral
anticoagulants (NOACs) are life-saving medications. The more recent DOACs and
NOAC:S should be stopped 48—72 h in advance to reduce risk of bleeding in local anaes-
thesia surgery. These anticoagulants cannot be reversed readily [6]. The cataract surgeon
should weigh-up the risks and benefits of stopping anticoagulation, balancing general
health risks with minimising bleeding during cataract surgery. It is useful to liaise with
the original prescribing physician to ensure the safest course of action. CHA,DS,-VASc
and HAS-BLED calculator scores can be used to assess the patient’s risk of clotting and
bleeding, respectively [6]. Most cataract surgeons tend not to stop anticoagulation if
there is a high general health risk for the patient’s general health and proceed with cat-
aract surgery having properly counselled the patients on the bleeding risk and possible
but unlikely consequences such as blindness.
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When patients are using anticoagulants like warfarin it is important to check
the INR as close as possible to the day of surgery and make sure it is within the
range where risk of bleeding during cataract surgery is thought to be minimal. The
authors are happy to perform cataract surgery with no sharp block local anaes-
thesia when INR is below 3.5. The cataract national dataset electronic multicen-
tre audit [7] showed significant increase in minor complications of sharp needle
and sub-Tenon’s cannula but no increased risk of vision-threatening local anaes-
thetic or operative haemorrhagic complications in patients using warfarin and
clopidogrel.

In these patients, it is best to always perform cataract surgery under topi-
cal anaesthesia or when indicated under sub-Tenon’s block, whilst sharp needle
local anaesthesia (peribulbar and retrobulbar) should be always avoided as recom-
mended by the Royal College of Ophthalmologists [8] to help significantly reduce
the risk of bleeding related vision-threatening complications of sharp needle
anaesthesia. Anticoagulants are usually restarted the same day as normal if surgery
has been uneventful.

Periocular Disease

All patients undergoing cataract surgery must have a full eye examination includ-
ing the adnexa. For example, an ectropion/entropion can increase the risk of
endophthalmitis post-operatively. Severe blepharitis and acne rosacea can also
increase the risk of endophthalmitis. Such conditions need to be treated prior
to cataract surgery. Furthermore, the ocular surface and the tear film must be
evaluated. Any adnexal and ocular surface problems must be addressed prior to
surgery. An oculoplastic referral will be needed promptly to correct ectropion/
entropion [8].

Orthoptic Challenges/Orthoptic Imbalance

Motility and binocularity examination are essential parts of a cataract assessment.
Being aware of ocular motility problems will enable the surgeon to better coun-
sel the patient. A good history must include previous strabismus of any type and
particularly patients with cranial nerve palsies, and thyroid eye disease. Cataract
surgery can be used also to treat patients with intractable diplopia, photophobia
or other complex neurological symptoms where an opaque IOL can be used as
last resort to eliminate the troublesome symptoms (placement in the sulcus will
facilitate removal if circumstances change) (Fig. 1) [9, 10]. Liu et al. described a
black-on-clear piggyback technique of implanting both a black occlusive device
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Fig. 1 Custom-made black implant of 10 mm “optic” diameter being inserted into the eye.
Credit Christopher Liu

and a clear polymethyl methacrylate IOL in the capsular bag to allow safer and
easier explantation of the black occlusive device should the need arise at a later
date, avoiding the need for IOL exchange [11].

Patients with pre-existing ocular motility issues that put them at risk of post-op-
erative diplopia should be counselled properly and this risk amply explained,
discussed and documented. If there is any history of double vision a formal
pre-operative orthoptic assessment would be required.

Surgeons must be aware that local anaesthetic injection can also cause
extraocular muscle damage and induce diplopia after cataract surgery. To reduce
the risk of post local anaesthetic diplopia, topical anaesthesia should be the
default choice [12].

Management of post cataract surgery diplopia requires orthoptic and strabismic
assessment in most cases. Temporary extraocular muscles paresis causing diplopia
can be treated with prismatic correction. Orthoptic exercises can also be offered to
patients with convergence insufficiency or temporary fusion disruption [12].



Challenging Cases 149

Challenging Situations in Cataract Surgery

Patients with Difficult Positioning and Back Problems

Adequate positioning of the patient is of paramount importance for patient and
surgeon comfort and to ensure surgical safety by reducing the risk of operative
complications. Positioning may be difficult to achieve in patients with ankylos-
ing spondylitis, and patients with severe forms of kyphosis and or scoliosis. An
adequate past medical history is required to reveal the potential difficulties for
the patient to allow proper steps to be taken prior to the operation. Surgical posi-
tioning should be tested prior to planned surgery in severe cases. Most patients
with physical disability can be operated on with little disruption to them or to the
normal surgical regimen. Positioning of patients with spinal mobility restriction is
facilitated if surgical trolleys specifically adapted for ophthalmic surgery are used.
Position adjustment adds to theatre time (both perioperative and actual surgical) so
allocation of extra time is important to avoid unexpected delay of the flow of the
operating theatre.

Positioning options for challenging cases include:

For patients who have bent spine/neck, otherwise well consider using
Trendelenburg position; Patients can be positioned in a chair which is then
tipped backward, so that the patient's feet are above their head. It only works for
patients who can tolerate this position therefore it is not suitable for older patients
who may have coexisting orthopnoea. This position may increase the vitreous
pressure during cataract surgery because the head is lower than the rest of the
body.

For patients who cannot lie flat but have flexible neck, the patient can be
seated upright and the surgeon standing. This position helps in patients with
orthopnoea (e.g. heart failure or severe COPD) who have a flexible spine so they
can extend their neck. The headrest is adjusted so that the patient can extend the
neck and look up to the overhead microscope.

For patients who cannot lie flat and cannot extend their neck, consider
face-to-face upright seated position. The patient sits upright and comfortable on
the surgical chair. The microscope is rotated forwards to face the eye, and the
surgeon sits (or stands) facing the patient. Cataract surgery is done through an
incision in the lower half of the cornea: right-handed surgeons may find it easier
to use a temporal incision (0 degrees) for a left eye and inferior incision (270
degrees) for a right eye. Because the eye is higher above the floor than normal,
the infusion bottle height should be raised accordingly. It's worth spending time
to ensure that patient and surgeon should remain comfortable for what may be a
longer operation [13, 14].
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Patients with Severe Anxiety and Special Needs (E.g.
Learning Difficulties, Cognitive Impairment)

Preparation for this category of patients should start from the pre-assessment visit.
The cataract team should identify those who will find it difficult to cope with the
surgical theatre setting as this can exaggerate their responses and cause undue
fear. If general anaesthesia (GA) is preferred, one may also consider immediately
sequential bilateral cataract surgery to save the patient having a GA twice.

Claustrophobia and severe anxiety can affect the patient’s ability to keep still
and co-operate during surgery. These patients need special counselling as well as
anaesthetic review to consider the best anaesthetic approach such as the type of
local anaesthesia that must include sedation to allow relaxation during surgery.
Appropriate draping (trial of draping at assessment, transparent drape, cutting a
hole over the patient’s nose and mouth) are possible further measures.

Some patients may not have the capacity to give consent; one should consider
thorough assessment of capacity and presume adequate capacity unless otherwise
proven. Depending on the country/institution using the correct type of procedure
and consent form is vital if a patient is deemed to have no capacity. Involving
other professionals if communication is difficult with the patient (for example
interpreter to prevent language barriers and support workers for patients with spe-
cial needs) and encouraging the patients to express themselves is important to deal
with these issues. This all takes time and organisation.

Enophthalmos, Deep Set Eyes and Highbrow

It is vital to recognise challenging socket anatomy preoperatively and how to plan
cataract surgery so that variations of orbital anatomy do not become an impedi-
ment. Causes of abnormal orbital anatomy that can make surgery difficult are age
and prostaglandin analogue which can cause deep-set eyes secondary to orbital fat
atrophy [15, 16]. Previous orbital trauma, developmental craniofacial abnormali-
ties like sagittal synostosis or highbrow can cause structural enophthalmos. Other
causes include silent sinus syndrome, sphenoid wing dysplasia in neurofibromato-
sis and Paget disease of bone.

Cataract surgery in the presence of abnormal orbital dimension and very
deep-set eyes is challenging especially for a beginning surgeon. Deep set eyes
and enophthalmos cause pooling of fluid, which makes visualisation difficult.
Furthermore, access of the instruments through the superior limbus is more
difficult.

Using the temporal approach is always advised, proper head positioning (slight
face turn towards the temporal side) and a draining speculum to avoid pooling of
fluid can also be helpful. Extension of the neck is also advised for improved access
if positioning allows [17]. In addition, a sub-Tenon’s anaesthetic can help push the
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eye forwards. Vertical recti bridle sutures can be needed in extreme enophthalmos
cases to pull the eyeball upwards and improve surgical access.

Head Tremor

Head tremor if present will require special planning. Head tremor is most common
in patients with Parkinson’s disease, heart problems or can be idiopathic. Patients
with involuntary limb movements especially leg movements can also have those
movements transmitted to the head. Theatre staff as well as the anaesthetist, if pres-
ent, should be briefed at the commencement of the operating list. Pre-operatively
the extent of head tremor needs to be evaluated and the operating surgeon needs to
decide if surgery under local anaesthesia is possible based on his/her expertise/expe-
rience. Good head support is important to reduce the tremor. In cases with significant
tremor that can make surgery difficult, general anaesthesia should be considered. It
is imperative to explain the extra surgical risks due to significant head tremor at the
counselling stage and these should be reflected in the consenting process.

Dense (Brunescent) Cataract

One of the challenges during cataract surgery arises when the cataract is very
dense, so patients should be counselled on the higher risks of surgery in such
cases. This adds to the difficulty of most of the steps starting from the continu-
ous curvilinear capsulorrhexis (CCC). Visualisation can be difficult in brunescent
cataract surgery and hence trypan blue assisted CCC can be useful to improve vis-
ualisation. Emulsification of dense cataract requires more ultrasound energy and
time, which can lead to prolonged postoperative corneal oedema and may per-
manently damage corneal endothelial cells. Corneal wound burn with its seque-
lae of increased postoperative astigmatism and even inability to close the wound
although rare is more common in brunescent cataract surgery. Likewise, the risks
of posterior capsular rupture and vitreous loss are higher in such cases.

We consider using soft shell technique to protect the corneal endothelium,
avoid very tight wounds to prevent wound burn and adjust phacoemulsification
parameters i.e. avoid continuous phaco and preferably use torsional phaco with
or without simultaneous longitudinal phaco and bevel down phaco to achieve the
maximum ultrasound power concentration on the hard lens [18].

Although less likely with modern phaco machine technology, potential conver-
sion to extracapsular cataract extraction (ECCE) has to be considered whilst oper-
ating on a brunescent/black cataract.

In summary the steps to minimise risks in brunescent cataract surgery aim to
perfect the cataract surgical steps with special attention to:
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CCC visualisation and size — Using vision blue to see better and aiming for a
large CCC size to prevent CCC tears when removing large lens fragments.

High power phacoemulsification settings to deal with the excessive cataract
density — torsional, longitudinal power simultaneously as well as bevel down
phaco and making sure the phaco metal tip is well exposed.

Nucleofractis — deep and central nucleus grooving is a must to enable lens
cracking which can be difficult due to the leathery brunescent lens density.

Chopping techniques; either horizontal or vertical chopping can be useful in
brunescent cataract.

White (Mature Cortical) Cataract (Fig. 2)

Pre-operative examination is important to differentiate between white cataract
(without high intra-lenticular pressure) and white intumescent cataract (with high
intra-lenticular pressure) since the surgical approach will differ. In any case visual-
isation can be helped by using vision blue assisted CCC.

If the lens is intumescent, the intra-lenticular pressure will be high and open-
ing the anterior capsule can cause a rapid extension of the opening with anterior
capsular tear that can extend beyond the equator causing the dreaded Argentinian
flag sign. To prevent that, tamponade with heavy ophthalmic viscosurgical device
(OVD) like Healon GV® or similar during the CCC is useful. The authors use
vision blue with heavy OVD and a capsulotomy needle to make a small incision
of the anterior capsule, then suck with a lacrimal cannula the plume of milky lens
matter inside the capsular bag (the lacrimal cannula is inserted inside the capsular

Fig. 2 Showing white
cataract. (Photo credit
professor Christopher Liu)
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opening by 1 mm) and release the intra-lenticular pressure to enable safe CCC
completion. Forceps are preferred in these cases due to the shearing force achieved
that can bring the CCC back in if there is tendency to extend outwards.

In case of anterior capsular tear, intraocular micro scissors such as Ong cap-
sular micro scissors or vitreoretinal micro scissors can be used to change the
linear capsular opening into a more curvilinear one. A dispersive OVD is recom-
mended to express the nucleus into the anterior chamber. It is advised to reduce
the irrigation and pressure of the phaco machine and commence cautious aspira-
tion of the nucleus. If the tear is noticed to extend to the posterior lens capsule,
follow the steps of managing posterior capsule rupture discussed later in sec-
tion “Management of Vitreous Loss” of this chapter.

Cataract in Presence of Corneal Pathology

Corneal assessment in patients is important prior to cataract surgery. Careful slit
lamp examination is key in determining the expected intraoperative visualisation
during surgery and different techniques that may need to be adopted to improve
visualisation. Using the diffuse filter during the slit-lamp examination will enable
surgeons to appreciate and estimate a more similar view of the operating micro-
scope. This is vital because, abnormal cornea geometry, scars and neovascularisa-
tion make intraoperative view worse compared to what is seen through a slit lamp
view. In situations where the view is extremely poor, it may be better to opt for
other techniques such as Small Incision Cataract Surgery (SICS) or ECCE or else
use assisted visualisation with retinal pipe light.

For the purposes of assessing risk versus benefit, prognosis and obtaining con-
sent, coexisting corneal opacity and cataract need careful attention. One must
identify which is the main cause of reduced vision, and whether it is possible to do
cataract surgery with poor view.

e Corneal Opacity

If a corneal scar is longstanding, discrete, and has not changed recently, and it is
the cataract which has become visually significant, then cataract surgery should
restore vision. The reverse is also true, and the surgeon can perform corneal sur-
gery and reserve the cataract for later refractive including astigmatic correction.
Remember the time after penetrating keratoplasty (PKP) or deep anterior lamellar
keratoplasty (DALK) it takes to achieve refractive stability though and the risk of
endothelial cell loss with cataract surgery.

Various techniques can be used to improve visualisation through opaque cor-
neas during surgery. It is important to obtain favourable contrast in the surgical
field by adjusting the illumination [19]. Red reflex can be increased by switch-
ing off the paraxial peripheral light while increasing the central coaxial light.
Moving the eye around to look through clear cornea to do surgery, the use of
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capsular stain, increased magnification, and dimming room lights all help. Using
2% hydroxypropyl methycellulose (HPMC)-OcuCoat®, Bausch and Lomb) to coat
the cornea can also help improve visualisation. Consider using glycerol to achieve
deturgescence of the cornea in cases of corneal oedema and removing the epithe-
lium if there is epithelial oedema. Chandelier endo-illumination system can be
used at the limbus or in the anterior chamber to improve visualisation in poor view
cases [19].

While doing capsulorrhexis, avoid the area under the corneal opacity and look
for a transparent window to initiate continuous curvilinear capsulorrhexis, then
perform “continuous” capsulorrhexis with a constant tethered force under the
opaque area. Non-continuous capsulorrhexis is likely to cause radial tearing and
intraoperative complications are hard to manage in eyes with poor corneal clar-
ity. Therefore, patients must be aware of alternative surgical options and second
procedures during preoperative consultation. Ocular surface diseases such as
mucous membrane pemphigoid (MMP) and viral keratitis can be exacerbated by
uneventful cataract surgery and limit surgical outcomes. Prophylactic oral antivi-
ral regimes are recommended in cases of corneal opacities due to Herpes simplex
keratitis. In cases of MMP, cataract surgery is not supposed to cause flare up of the
condition if a clear corneal incision is used [20].

o Peripheral Ulcerative keratitis (PUK) and Mooren’s ulcer (MU) Fig. 3

Cataract surgery should be planned after achieving corneal quiescence.
Immunosuppression is key to control corneal inflammation and melting. Topical,
oral or intravenous immunosuppression can be used as per a stepladder approach
[21, 22]. Keratoconjunctivitis sicca is common in PUK and MU and needs
addressing before cataract surgery [23] Biometry can be difficult due to the cor-
neal disease. Preoperative cataract counselling should aim to explain the generic
and specific risks of the cataract procedure and the sight improvement that can be
achieved.

Fig. 3 Mooren’s ulcer.
(Photo credit Mr. Vincenzo
Maurino)
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To improve visualization, the surgeon should follow the steps mentioned above
(See corneal opacity section above). Phacoemulsification surgical incisions in
patients with PUK and MU are another challenge due to a very thin and abnormal
cornea in the affected areas which must be avoided. Incisions in thin abnormal cor-
nea are difficult to seal and can cause post-operative complications such as wound
leak. Thinning, vascularization and stromal opacities can extend for one quadrant
or more. MU usually affects 67 clock hours [24] with inferior and nasal quad-
rants more often involved. Clear cornea incisions for phacoemulsification can be
placed in the healthy cornea while areas of previous ulceration or thinning should
be avoided and, in those cases, incisions must be into sclera (under a conjunctival
flap if necessary). When planning scleral incisions, it is important to remember that
scleral involvement is rare in MU but frequent in PUK specially when associated to
systemic vasculitis and Wegener’s granulomatosis [25]. Having clear preoperative
drawings of cornea/scleral involvement will help in planning the incisions.

For post-operative treatment, preservative free (PF) drops are preferred. An
intense regime of preservative free steroid drops to taper down slowly is recom-
mended. Additional immunosuppression to avoid corneal disease relapse triggered
by the cataract surgery might be needed [24].

e Corneal endothelial disease (Fuchs’ endothelial corneal dystrophy)

Any corneal endothelial condition, including Fuchs’ endothelial dystrophy (FED),
can impair visualisation during cataract surgery. The use of dispersive OVD to
coat the corneal surface together with the aforementioned techniques can help
with the visualisation. It can also be used to coat and protect the endothelium dur-
ing the cataract procedure.

Limbal incision can help reduce endothelial cell loss, being further away from
the central cornea. To avoid damage to the endothelial cells, fluidics should be
controlled, and the surgeon should be careful to avoid fluid currents that move lens
particles within the eye which by hitting the endothelium can cause mechanical
trauma to the corneal endothelial cells.

Pre-operative assessment will involve decision making in terms of corneal
endothelial keratoplasty and if it can be deferred or needs to be performed at
the time of the cataract surgery. If corneal endothelial transplant is expected in
the future, it is good practice implanting hydrophobic IOLs to reduce the possi-
bility of IOL opacification after endothelial keratoplasty with air/gas injection. If
the endothelial cell density (ECD) is <600/mm?, central corneal thickness (CCT)
is >640 microns, or if there is significant diurnal visual variation (morning blur
on awakening), or dense central pigmented endothelial guttata, a combined cat-
aract extraction and Descemet’s membrane endothelial keratoplasty should be
considered.

Prolonged post-operative corneal oedema and pseudophakic bullous keratopa-
thy can occur more commonly in pre-existent cornea guttata/ FED and adequate
pre-operative counselling as always is important. If corneal oedema after cataract
surgery persists for over 3 months, endothelial keratoplasty is recommended.
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e Prior Penetrating Keratoplasty (PKP)

Prior PKP increases the risk of complications during cataract surgery as well as
long-term effects on the survival of the corneal graft. Some key areas of difficulty
for these patients to consider are pre-operative astigmatism, visualisation, fragility
of the graft-host interface, damage to endothelium, damage to suture (if still pres-
ent, especially a single running suture), as well as inducing graft rejection. Ideally
these cases should be allocated to an experienced surgeon or a cornea consultant.

Visualization can be severely compromised, and the epithelium can slough. The
frequent use of topical balanced salt solution (BSS) and or the use of small amount
of dispersive OVD such as Viscoat (Alcon) with some BSS can help. Anaesthetic
drops like Tetracaine should be avoided as it can compromise the cornea. Trypan
blue should be used to stain the anterior capsule as capsulorrhexis edges can be
lost, particularly if the tear is anywhere near the graft-host junction or hidden by
peripheral corneal pathology.

During cataract surgery, the endothelium can be affected by ultrasound power.
The corneal graft can fail readily, with even a small amount of marginal endothe-
lial cell loss. The management is similar to that of cataract surgery in patients with
FED. Therefore, inject and regularly reinject dispersive OVD to the corneal dome.
This is important to prevent endothelial loss. Additionally, it is essential to mini-
mize the ultrasound time during nucleus removal. Lowering the bottle height dur-
ing the procedure will reduce the intraocular pressure (IOP) and reduce stress on
the graft host junction. Removal of cataract should be at an earlier stage rather
than leaving it until the cataract becomes harder.

To prevent corneal rejection, steroids eyedrops frequency and concentration
may be increased a few weeks prior to cataract surgery and may need to be main-
tained for a longer period.

Graft related astigmatism and refractive error are other issues to be considered.
Cataract surgery can be considered after full suture removal and achieving refrac-
tive stability [26]. Toric IOL can be used to correct residual astigmatism when the
corneal astigmatism is not irregular.

¢ Previous Kerato-Refractive Surgery

Previous refractive surgery is one of the major risk factors for poor refractive
outcomes after cataract surgery. There are two types of corneal refractive sur-
gery; laser vision correction (LVC) and radial keratotomy (RK). LVC procedures
includes laser-assisted in situ keratomileusis (LASIK), photorefractive keratec-
tomy (PRK), small incision lenticular extraction (SMILE) and laser subepithelial
keratomileusis (LASEK). These procedures involve changes to the anterior surface
of the cornea mainly. Radial keratotomy (RK) on the other hand, involves flatten-
ing of the anterior and posterior surface of the central cornea.

A standard keratometry measures only the anterior corneal curvature, (the pos-
terior curvature is extrapolated based on the normal anterior/posterior curvature
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ratio). Since the anterior surface has been changed during refractive surgery, the
extrapolation is no longer valid [27]. Therefore, cataract surgery on a patient who
has previously undergone refractive surgery can be challenging in terms of achiev-
ing the desired refractive outcome and patients should be counselled about the
higher refractive unpredictability. Even in eyes without previous refractive surgery
there is a 20-25% of cases which can suffer from a prediction error in refraction
higher than 0.5 dioptres (D) [28]. Other sources of error include incorrect esti-
mation of effective lens position (ELP), difficulty with measuring K, and altera-
tions in refractive index. It is essential to counsel patients about these methods and
request them to bring in the pre-refractive surgery notes so that all the relevant
data is available for the special calculations [28].

One of the Following Formulae Can Be Used:

Haigis-L Formula; This formula is part of the built-in software of the IOLMaster. It
is based on LASIK data and only suitable for post-LVC cases, not post-RK cases.

The newer formulae including the Barrett True-K and OCT-based IOL power
calculation (OCT formulae) have been included in the American Society of
Cataract and Refractive Surgery (ASCRS) calculator in eyes with previous myopic
LASIK/ PRK after showing promising results [29].

Barrett True-K formula; A study involving 88 eyes concluded that this formula
was either equal to or better than alternative methods available on the ASCRS
online calculator for predicting IOL power in eyes with previous myopic LASIK
or photorefractive keratectomy [30].

For post RK patients the Barrett true K and Haigis formulae both perform
well [28].

The surgeon is faced with many options for IOL calculation and usually the
median/ average IOL or combinations of these are used, especially the more
myopic target is recommended to prevent hyperopic shift.

Despite all the choices of formulae and several methods of computing the aver-
age of recommended lens, the predictability of refractive outcome of cataract sur-
gery after previous refractive surgery is still not as good as the results obtained
from a virgin eye. The patients who have undergone previous refractive surgery
should be warned about the potential need for refractive correction after their cata-
ract surgery.

e Abnormal Corneal Thinning

Areas of abnormally thin cornea and sclera should be identified and drawn cor-
rectly as adjustments may need to be made for intraoperative incisions and plan-
ning to these damaged areas. This will help to reduce the risk of wound leakage,
risk of infection and flat anterior chamber post-operatively. The normal central
corneal thickness ranges between 503-565 um [31].

It is vital to look out for pathology causing thinning of the cornea—these
include a range of conditions such as keratoconus (KC), Ehlers—Danlos syndrome
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(EDS) (types 1, II, and VI), osteogenesis imperfecta, Marfan syndrome and brittle
cornea syndrome (BCS). The latter is an autosomal recessive disease and is char-
acterised by the presence of extreme, limbus-to-limbus corneal thinning and struc-
turally abnormal corneal biomechanics causing corneal rupture after minor/trivial
trauma during childhood. Clinically characterised by blue sclera and high myopia.
Extraocular features may be seen like deafness, joint hypermobility, congenital hip
dysplasia, juvenile hypotonia and soft, doughy skin [31].

Such cases need to be counselled regarding the high risk of corneal perfora-
tion during cataract surgery and surgical approach should not be considered until
the sight is so badly affected that there are no other options. During surgery, the
IOP should be controlled below 20 mmHg with the Alcon centurion phacoemul-
sification system to avoid spontaneous extension of corneal incisions. Glue, 11-0
nylon, and bandage contact lens should be available in theatre in case of wound
enlargement or rupture. Fluorescein 2% should be used to check for any wound
leak. Since wound sutures are challenging in the abnormal cornea, cyanoacrylate
glue and bandage contact lens or even corneal tissue should be available [31].

Glaucoma

Lens extraction is an important intervention in the armamentarium of manage-
ment of angle closure glaucoma as proven by the EAGLE study [32]. Cataract sur-
gery in angle closure disease poses unique difficulties due to the shallowness of
the anterior chamber, possible presence of laser peripheral iridotomy and zonular
weakness. The use of capsular hooks/pupil devices and or capsule tension rings
should be considered in cases of zonulopathy. Due to the increased risk of iris
trauma and iris prolapse in patients with shallow anterior chamber angle, proper
wound construction is particularly important and the use of intracameral phenyle-
phrine may also help.

Those patients with axial length below 19 mm carry higher risk of suprachoroi-
dal and expulsive haemorrhage and use of intraoperative Acetazolamide/Mannitol
has been recommended. Prophylactic sclerostomy is no longer recommended.

Counselling as always is key and should include the surgery aims: improve
vision if cataract and/or reduce risk of glaucoma sight loss if no cataract but surgery
performed mainly to avoid acute or chronic angle closure attacks and therefore cure
the glaucoma. Counselling must include the extra risks typical of small eyes.

Patients with open angle glaucoma especially those who had previous filtering
surgery are another challenge. Making sure the IOP does not go too high during
the procedure is vital as this can cause damage to their vulnerable optic nerve or
cause a thin walled bleb to burst. A clear temporal corneal wound is advocated,
well away from the filtration bleb. Dispersive OVD is preferable to cohesive,
and all OVD should be removed even more carefully than usual with attention to
behind the IOL, reducing the risk of postoperative pressure spikes. Topical anaes-
thesia when possible would be preferable to sub-Tenon’s or peribulbar anaesthesia,
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to avoid high intra-orbital pressure which can cause irreversible sight loss by
choking an already damaged optic nerve head. It is important to ensure the IOP
does not rise in the immediate post-operative period by giving prophylactic IOP
lowering medications for the first few days after the operation. Post-operative fol-
low up visits should be planned more frequently to allow for IOP evaluation.

Increasing filtration through the bleb during the cataract procedure and the pos-
sibility of post-operative hypotony may occur. Furthermore, in cases where there
is an existing filtering bleb, its function can be reduced by fibrosis and healing. To
prevent this, consider temporal clear corneal incision to avoid the bleb area. We
also advocate more prolonged use of post-operative topical steroid eye drops and
also intraoperative bleb injection of 5 FU and Avastin can be used to prevent bleb
scarring caused by the cataract surgery induced inflammation.

Extremes of Axial Length

A. High Myopia

In highly myopic eyes IOL power calculations may be less reliable although with
modern fourth generation formula refractive outcomes are ever improving. The
use of the recommended IOL formulae for each axial length can help reduce the
possibility of an error (Barrett true K is a new formula which is good for all and
has substituted the need for different formulae). The use of ultrasound B scan
should be considered to exclude the presence of posterior staphyloma. Optical
biometry ensures foveal fixation even if it lies within a staphyloma.

Highly myopic eyes are more prone to peripheral retinal tears, holes and lattice
degeneration and have a higher risk of retinal detachment after cataract surgery
than normal axial length eyes especially in the younger population; screening for
any such lesions is important and counselling the patients about symptoms of pos-
sible retinal detachment postoperatively can help.

Anterior chamber depth fluctuation during the cataract procedure is also com-
mon in high myopic eyes; adjusting the infusion pressure (bottle height) can
help. Avoidance of AC fluctuations and trampolining of iris lens diaphragm may
theoretically help reduce the risk of forcible posterior vitreous detachment and
subsequent retinal tear. A single iris hook, or tenting of the iris with a second
instrument, will break the reverse pupil block by equalizing the pressure between
anterior and posterior chambers when the irrigation enters the eye. With that in
place, it no longer causes severe deepening of the anterior chamber.

B. High Hyperopia

Please see section “Glaucoma”. Difficulty calculating IOL power can cause post-
operative refractive surprises, which can be reduced by using the most advanced
4th generation biometry formula.
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Prior Pars Plana Vitrectomy

Cataract formation occurs in 80% of eyes after pars plana vitrectomy. Usually
after vitrectomy procedure patient will need cataract surgery within 2 years [33].
Problems encountered during post vitrectomy cataract surgery such as capsu-
lar instability, possible previous posterior capsule damage and fluctuating ante-
rior chamber depth make cataract surgery more challenging. Anterior chamber
depth fluctuation can be managed the same way as in highly myopic eyes using
techniques to break reverse pupil block. It is very important to take care dur-
ing phacoemulsification as a posterior capsular tear can easily occur. Keeping the
phacoemulsification probe above the lens segment and always keeping the tip,
bevel up, in view is important. Removing the second instrument while aspirating
the final nuclear quadrant may reduce leak and stabilise the anterior chamber depth.

Intraoperative miosis is often encountered and can be managed with intraca-
meral phenylephrine, iris hooks, or pupil expanders (please see section “Small
Pupil” for management). A weakened lens capsule and zonules can also be com-
mon (see section ‘“Zonulopathy” for management). Increased nuclear sclerosis and
lens hardness may also be encountered (see section “Dense (Brunescent) Cataract”
for management). Presence of posterior capsular plaques is a common finding so
primary posterior CCC or early postoperative YAG laser capsulotomy need to be
considered [34].

Reported post-cataract re-detachment rates can be up to approximately 6%, there-
fore patients need to be informed about the increased risk during consenting [5].

Patients Who May Require Subsequent Vitreo-Retinal
Surgery

Patients who may require vitreo-retinal surgery after cataract surgery should be
identified, as adequate counselling and intraoperative precautions are necessary.
For example, patients with advanced diabetic eye disease, who do not yet need
vitrectomy at the time of cataract surgery but may need it later.

The use of Acrylic rather than silicone IOLs is recommended as the use of sil-
icone IOLs will limit the visibility if silicone oil will be used for vitreo-retinal
surgery. A wide CCC is recommended and the use of large diameter IOL optic
>6 mm when possible is advised for better visualization to enable surgical access
to the peripheral vitreous and retina if necessary, later.

Patients Who Have or at Risk of Developing Age-Related
Macular Degeneration (AMD)

This group of patients carry specific problems related to the nature of their macu-
lar disease. Since for most the visual prognosis would be guarded, managing the
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patient expectation and the implementation of proper counselling and informed
consent are essential. Inadequate preoperative counselling can cause misunder-
standing and potential dissatisfaction of the patients after cataract surgery.

Pre-operative macular OCT is a must in these patients to classify the condition,
identify the prognosis and manage the wet type of AMD with anti-VEGF injec-
tions when needed.

Multifocal IOLs are generally contraindicated in AMD as they decrease con-
trast sensitivity, can increase the risk of dysphotopsia and reduce optical quality.
Multifocal IOL are best used in patients with otherwise healthy eyes and not in the
presence of macular pathology.

Small Pupil

Causes of small pupil are summarised in Table 1. Small pupil (<6 mm) should
be identified prior to cataract surgery as it can reduce surgeon’s view, caus-
ing increased difficulty in manoeuvring within the capsular bag. Subsequently
this can lead to posterior capsular rupture, higher risk of extended post-opera-
tive inflammation, iris damage, CMO and retinal detachment (please see chapter
“Risk Stratification”). Furthermore, an adequate pupil size is required for a decent
sized capsulorrhexis because an inadequate diameter of anterior capsulorrhexis
increases the risk of retention of OVD and capsular distension syndrome. It also
raises risks of capsular fibrosis and phimosis.

To prevent these, an experienced surgeon may use several techniques to
improve intraoperative view. Preoperative Mydriasert® and phenylephrine (2.5%
or 10%) can help dilate the pupil to an optimal size. Intracameral phenylephrine
1.5% or Mydrane® can also be used.

Intraoperative techniques to dilate the pupil include; viscodilatation by inject-
ing OVD at the pupillary plane. Another technique involves bimanual stretch
with iris repositors. It is vital to augment anaesthesia using topical, intracameral
or sub-Tenon’s method as iris manoeuvres can cause pain. Other methods include
creating radial sphincterotomies measuring approximately 0.50 mm, limited to
the iris sphincter which is cut at equal intervals around the iris border using 23G
Prasad scissors. This snips the pupillary sphincter muscle and causes paralysis. It
has now become almost redundant as new devices involving iris rings and pupil

Table 1 Causes of small pupil during cataract surgery

Intraoperative floppy iris pupil syndrome (IFIS)

Diabetic patients
Pseudoexfoliation (PXF)
After long-term miotic treatment for glaucoma

Trauma

Previous eye surgery
Old age
Opioid use
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expanders have developed. Generally speaking, avoiding mechanical iris dilatation
is preferable as it can tear the sphincter muscle, cause an irregular and non-con-
stricting pupil, and lead to post-operative fibrinous uveitis. Pupil expanders like
Malyugin ring and Morcher pupil expander can also be used with ease. Using iris
hooks to dilate the pupil is another alternative with an added benefit in cases of
zonular weakness due to pseudoexfoliation syndrome (PXF) as the hooks can be
used to stabilise the capsular bag (by transferring the hook to the anterior capsu-
lorrhexis rim, provided it is intact) to prevent zonular dehiscence.

Intraoperative floppy iris syndrome (IFIS) is one of the causes of small pupil
during cataract surgery in patients using o l-adrenergic antagonist (especially tam-
sulosin) characterised by iris billowing, iris prolapse, and progressive intraopera-
tive miosis. Wound architecture is of paramount importance in such cases; a longer
wound with the internal wound further away from the angle can reduce the risk
of iris prolapse. If iris prolapse occurs intraoperatively, the surgeon should follow
steps to minimise the difficulty and avoid complications. Initially, direct reposi-
tion of the iris and injection of OVD through the port should be avoided as this
can exacerbate the prolapse. It is advised to start reducing the pressure in the eye
through one of the side ports and encourage the iris to get back in by gentle mas-
sage around the wound. If the iris goes back in, consider the above-mentioned
methods to reduce the risk of further prolapse. If it does not, continue reducing the
pressure by expressing the OVD out through one of the side ports and use an iris
repositor to reposition the iris using another port. A new port may need to be cre-
ated to access the one that has the iris prolapse.

Zonulopathy

Zonular weakness and dehiscence can be caused by PXF syndrome, Marfan syn-
drome, spherophakia, trauma, iris colobomata, previous angle closure (See Table 2
for the list of causes).

Thorough slit-lamp evaluation is very important in such cases to look for signs
of zonular weakness by asking the patient to look side to side to check for zonular
fibres damage and abnormal lens mobility (phacodonesis).

Zonular laxity or instability can have significant implications during and after
cataract surgery. Vitreous loss, IOL tilt and decentration and late dislocation of
IOL can occur. These may need further surgery to rectify. Therefore, ensuring that
these issues are dealt with in the correct way is vital. If zonular laxity was noticed
during cataract surgery, it is advised to insert a capsular tension ring (CTR) into the
capsular bag, which may help reduce the risk of future dislocation (Fig. 4) [35].

Accelerated posterior capsule opacification can occur in these patients. This
risk can be reduced by thorough aspiration of the lens epithelial cells. It is also
important to consider early YAG capsulotomy before capsule contraction and IOL
decentration.
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Table 2 Causes of zonulopathy

Ocular causes

Pseudoexfoliation syndrome

Traumatic zonulysis

Iatrogenic zonulysis (previous eye surgery)
Brunescent cataracts

Retinitis pigmentosa

Aniridia

Axenfeld Rieger syndrome

Advanced age

Systemic causes

Marfan syndrome
Homocystinuria
Weil-Marchesani syndrome
Ehlers Danlos syndrome
Sulfite oxidase deficiency
Hyperlysinemia
Sturge-Weber syndrome

Fig. 4 Showing a capsular
tension ring (CTR). Source
Tribus et al.

Anterior capsular fibrosis and capsular contraction syndrome can result after
cataract surgery in PXF due to a combination of a small CCC and contractile
forces unopposed by zonular weakness [36, 37]. It is important to create an ade-
quately sized CCC after viscoexpansion or iris hooks insertion and consider inser-
tion of a CTR and using a strong haptic IOL (3-piece IOL) to resist the contraction
forces [38].
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Uveitis and Pre-existing Posterior Synechiae

Patients who develop cataract after previous episodes of uveitis represent a chal-
lenge for any cataract surgeon. The behaviour of the iris, anterior chamber and the
lens differs from case to case. Iris adhesions and intraoperative miosis are com-
mon amongst this group of patients (please see section “Small Pupil”). The sur-
geon can also use OVD, pupil stretch techniques to break formed adhesions.

There is higher possibility of iris bleed, for example in patients with known
Fuchs uveitis syndrome (so called Amsler-Verrey sign). Visco-tamponade is
advised should significant bleeding take place and waiting for a few seconds for
the bleeding to stop is essential.

Prolonged postoperative inflammation can occur. To prevent this, the cataract
procedure should be planned only after adequate control of the inflammation
preoperatively is achieved. Meticulous aspiration of all the lens matter including
epi-nucleus and cortex during surgery is key to minimise the risks already higher
than normal of post-operative inflammation. A prolonged course of postoperative
steroids and non-steroidal anti-inflammatory drugs is usually necessary in those
cases.

Other post-operative complications in this group of patients include post-opera-
tive CMO and secondary glaucoma, which may require IOP lowering topical med-
ications. Systemic acetazolamide and referral to a glaucoma surgeon may also be
necessary.

There is a potential for protein and cellular deposits on the IOL. This can be
minimised by using biocompatible substance like Acrylic IOLs rather than silicone
IOLs and use of prolonged postoperative steroids course. YAG capsulotomy can
help if the deposits are on the posterior capsule and in cases of posterior capsular
distension [39].

Posterior Polar Cataract (Fig. 5)

This is one of the big challenges even for an experienced cataract surgeon as there
may be a defect in the posterior capsule. It is imperative to identify posterior polar
cataract at pre-operative assessment to counsel on the likely need for anterior vit-
rectomy and the higher surgical risks. These cases will need an experienced cata-
ract surgeon and take longer than standard cataract surgery. Whilst the appearance
of posterior polar cataract is typical and almost unique, it is quite difficult to estab-
lish if a capsule hole is present or not in the majority of cases. White dots in the
anterior vitreous that move with the degenerated vitreous like a fish tail is some-
times obvious, and it confirms a posterior capsule defect.

Pre-operative Anterior segment OCT and ultrasound biomicroscopy (UBM)
imaging can be very useful to identify cases of posterior polar cataract with higher
risk of posterior capsule tear allowing better surgical planning and pre-operative
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a

Fig. 5 Posterior polar cataract. (Photo credit Mr. Vincenzo Maurino)

counselling [40, 41]. If in doubt it is always better to treat any suspected polar cat-
aract as such and perform surgery accordingly.

The main steps to modify are:

CCC needs great care and precision. It must be well centred and not smaller than
4.5 mm, not larger than 5.5 to allow IOL optic capture if needed.
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Hydrodissection is not to be performed to avoid lens/nucleus drop since it will
open up the pre-existing capsular posterior hole at an early stage of the surgery.
Hydrodelineation must be achieved instead to allow first removal of the nucleus
and then dealing with epi-nucleus and cortex afterwards and separately to elimi-
nate the chances of nucleus drop.

The use of low fluidics and avoiding sudden shallowing of the anterior cham-
ber, especially at the end of the procedure can help minimise vitreous forward
movement that can lead to extension of a posterior capsular (PC) tear.

It is important to prepare theatre staff for management of vitreous loss and
choose the appropriate IOL e.g. sulcus versus IOL optic capture within the CCC
(For more details see section “Management of Vitreous Loss” of this chapter).

Prior Scleral Buckling Surgery

Scleral buckling increases the axial length which can cause zonular weakness
and increases risk of lens subluxation. Scleral buckle surgery can also cause con-
junctival scarring, and it increases the risk of scleral perforation with injection of
sub-Tenon’s anaesthetic. Re-detachment rates after post scleral buckle cataract sur-
gery are low unlike post pars plana vitrectomy [42].

Management of Vitreous Loss

Vitreous loss can occur through a tear in the posterior capsule or through weak
dehisced zonules. Posterior capsular tear can occur as a result of extension of ante-
rior capsular tear. There are some preoperative characteristics that increase the
likelihood of having a posterior capsule tear such as posterior polar cataract and
pre-existing posterior capsule damage after intravitreal anti VEGF injections. (See
the chapter “Risk Stratification” for more details).

Picking up signs of posterior capsule tear and vitreous loss is imperative. These
include deepening of the anterior chamber, pupil widening, lens nucleus no longer
centred, particles no longer coming to phaco or irrigation/ aspiration (I/A) probes,
and the lens no longer rotating freely.

If phacoemulsification is still in progress, this should stop, and the probe care-
fully withdrawn from the anterior chamber in a way that minimises traction on the
vitreous. OVD may be injected into the anterior chamber at this stage to reduce
vitreous prolapse as the phacoemulsification probe is withdrawn and to stabilise
any remaining lens fragments. It is most important that the surgeon should then
pause for assessment of the state of affairs. While an assessment of the situation
takes place, time can be gainfully used for setting up the equipment for vitrectomy
and adding a sub-Tenon’s anaesthetic, if needed (see Table 3).
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Table 3 Tips and pearls for anterior vitrectomy during cataract surgery

Place the dispersive OVD in the area of PC tear prior to removing any instruments

Irrigation cannula should be inserted through a separate paracentesis

Consider suturing the original wound to keep the anterior chamber formed if the AC is unsta-
ble due to leaking port (e.g. phaco wound burn)

Settings: For anterior vitrectomy, use low vacuum 150 mmHg range, as high as possible cut-
ting rate (newer machines have high cut rates up to 5000 c/min)

Try to aspirate the residual cortical material using the vacuum on, cutter off setting

Whenever possible, try to convert a PC tear into a posterior CCC to avoid its extension and
losing the capsular bag

Place intraocular lens in sulcus if possible (adjust power)

Miochol should be administered to constrict the pupil

The aims of vitreous loss management are removal of any vitreous strands from
the anterior chamber and surgical wound, completion of cataract removal, and safe
intraocular lens implantation [43]. Management plan depends on size, location of
the tear and stage of the procedure.

A small rupture of the posterior capsule during the stage of nuclear emul-
sification can be managed as follows;

After pushing the vitreous backwards with OVD, use low-flow, low-vacuum
settings to remove the remaining nuclear and cortical fragments. Reducing the risk
of vitreous aspiration and further damage to the capsule can be achieved by main-
taining full occlusion of the phaco probe and minimal phaco power.

A large capsular tear in the early part of nuclear removal when most of the
nucleus remains, further attempts at phacoemulsification can lead to nucleus drop
in the vitreous cavity and the preferred approach is to enlarge the incision and con-
vert to mechanical removal of the nucleus with a loop. OVD injection behind the
nucleus to lift it upwards can help with its delivery. If nuclear fragments are dislo-
cated posteriorly behind the posterior capsule, aggressive efforts to retrieve these
without pars plana vitrectomy can result in giant retinal tears and retinal detach-
ment and must be avoided [43].

A small capsular rent in the late part of surgery during aspiration of the cor-
tex and the vitreous face remains intact, the surgeon should attempt to remove the
residual cortex without expanding the tear using low flow I/A to avoid disruption
of the vitreous face.

If vitreous prolapse is noticed, it is important to remove all vitreous from the
anterior chamber initially as this will facilitate removal of residual lens matter and
reduce vitreoretinal traction. While doing anterior vitrectomy, it iS important to
ensure the vitreous cutter and irrigation device are separated at a distance. The vit-
reous cutter needs to be placed low (at the level of the posterior capsule) while the
irrigating cannula needs to be held high (towards the anterior chamber angle). This
prevents hydration of the vitreous by the irrigating fluid (see Table 3).

The general rule of thumb is that the infusion should be low. Just enough to
keep the AC formed and not so high that the fluid is forced out as this means
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that the vitreous can be brought up with it. A high cut rate is advisable; the cut-
ting rate should be set at 600-700 cuts/min (or up to 5000 cuts/min on newer
machines), with a vacuum of 150-200 mm Hg. The high cut rate minimizes the
risk of retinal traction while the vitreous is cut and removed. The cutter is placed
through the tear, pointing toward the optic nerve, with the cutting port positioned
behind the posterior capsule to minimize the risk of engaging the capsule during
the vitrectomy. Most of the anterior vitreous is drawn backward and efficiently
removed [44].

Remaining lens matter after anterior vitrectomy can be removed with the cutter,
reducing the cut rate to 300 cuts/min and increasing vacuum to draw the firmer
lens material into the cutting port and allowing it to engage sufficiently to permit
cutting. The cortex can then be engaged, using the vacuum-only setting of the cut-
ter, and stripped off the capsule. The cortex is freed and drawn into the centre, and
the cutting action is activated to remove it [44].

In most cases, there will be adequate capsular support enabling the surgeon to
implant an IOL either in the capsular bag or in the sulcus. If the PC tear is small
and central and can be converted to a posterior circular capsulorrhexis, then in-
the-bag IOL implantation can be done safely. If there is large PC tear but the ante-
rior capsulorrhexis is intact and central, the IOL can be placed in the sulcus. For
sulcus placement the overall diameter of the IOL should be at least 13 mm, con-
sider optic capture by the anterior capsulorrhexis for a more stable position. If the
anterior capsulorrhexis is split or zonular loss resulting in an eccentric rhexis is
suspected, implant the lens into the sulcus with no optic capture.

Vitreous Loss Due to Zonular Dehiscence

Previous eye trauma, pseudo-exfoliation, and Marfan’s syndrome are com-
mon causes of zonular weakness that can lead to zonular laxity and dehiscence.
Consider referring those with severe zonular dehiscence and subluxated lens
to vitreoretinal colleagues where a pars plana lensectomy might be safer. If an
anterior approach is planned; try to support the capsular bag with a CTR [35], a
capsular tension segment (CTS), or capsular hooks after performing CCC [45].
If vitreous loss is suspected, triamcinolone can be used to identify the vitreous
strands and area of weak zonules and careful anterior vitrectomy should be per-
formed to clear the vitreous. Dispersive OVD should be placed in the area of weak
zonules then place cohesive OVD on top forcing dispersive into area of weak
zonules sealing it off. Perform CCC if not already done. Place a CTR with lead
eyelet of the ring heading out of inserter toward the area of weak zonules to mini-
mize stress of insertion [44, 46].

IOL insertion in cases of zonular weakness can be challenging. It is always use-
ful to place a 3-piece IOL with haptics towards the weak zonular area to minimise
the risks of IOL late displacement. CTR can be used to support the bag if less than
4 clock hours of zonular dehiscence. Sutured CTR (Cionni ring) or capsular ten-
sion segment (Ahmed CTS) should be considered if more than 4-5 clock hours of
zonular dehiscence are present [44].
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Staining with Triamcinolone

The transparency of vitreous makes it difficult to visualise, making the surgeon
dependant on indirect clues, such as a peaked pupil or a wick presenting through
an incision to guide complete removal. Using triamcinolone to visualize vitre-
ous prolapse into the anterior chamber was described in 2003 by Burk et al. [47].
However, it is to be noted that there have been reports of sterile and infectious
endophthalmitis with its use in vitreo-retinal surgery. The recommended measure
for using triamcinolone in cataract surgery is to dilute the non-preserved triamci-
nolone 10:1.
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Marta Ugarte

Introduction

Pseudophakic cystoid macular oedema (PCMO), also known as Irvine-Gass syn-
drome [1-4], is defined as oedema newly formed after cataract surgery, which is
associated with symptomatic vision loss 6/12 or worse.

The presentation can be any time after cataract surgery with the majority pre-
senting within 5 weeks. Those occurring more than 4 months post-operatively
are designated as late-onset. The great majority will resolve spontaneously within
6 months but some can be difficult to treat and become chronic. There are very
few studies comparing visual morbidity in eyes with and without PCMO but some
patients do develop permanent visual loss making it a serious complication. There
is evidence published in the USA showing that the cost of cases with PCMO is
41% higher compared to controls [5]. The most common complaint is blurriness,
which can be noticed after an initial period of improved vision post cataract sur-
gery. Less common presentations include central scotomas, metamorphopsia, mild
photophobia and reduced contrast sensitivity [6]. The latter may account for per-
sistent subjective visual difficulties despite good Snellen visual acuity.

Determining the true incidence of PCMO has been difficult due to the use of
different diagnostic methods (i.e. biomicroscopy, fundus fluorescein angiogra-
phy-FFA, optical coherence tomography-OCT) [7] and variations in patient pop-
ulations with diverse risk factors. Thus for example, the incidence of angiographic
PCMO 1-2 months postoperatively has been reported as high as 20-30% and
OCT PCMO may range from 4 to 41% [8, 9]. It is important to emphasize that the
majority of patients with angiographic and OCT PCMO will not experience visual
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disturbances (i.e. subclinical PCMO) and the oedema will resolve spontaneously.
Only about 1-3% of uncomplicated cases and 8% of those with surgical complica-
tions will have persistent macular oedema associated reduced vision [10, 11].

In this chapter, we will discuss the pathogenesis, methods of diagnosis, possible
risk factors, as well as the current evidence to help manage PCMO.

Pathogenesis

The precise aetiology of PCMO is not fully understood. Mechanisms considered
to be involved in its pathogenesis include the release of inflammatory mediators
and disruption of the blood aqueous barrier (BAB) and blood retinal barrier (BRB)
with the consequent increase in vascular permeability [12—-16]. In the inflamma-
tion cascade, prostanoids (i.e. prostaglandins and thromboxane A2) are formed
when arachidonic acid is released from the plasma membrane by phospholipase
A and metabolized by the sequential actions of prostaglandin G/H synthase or
cyclooxygenase. Phospholipase A and cyclooxygenase are potential targets to
inhibit inflammation.

Breakdown of the BRB in retinal capillaries and/or the retinal pigment epithe-
lium (RPE) allows serum to get into the retinal extracellular space. Since intraret-
inal fluid distribution is restricted by two diffusion barriers, the inner and outer
plexiform layers, serum leakage from intraretinal vessels causes cysts mainly in
the inner nuclear layer [12]. On the other hand, leakage from the choroid/pigment
epithelium generates cyst formation in the Henle fiber layer and subretinal fluid
accumulation [12].

The inflammatory mediators probably play the essential initiating role in
the development of PCMO but the exact factors and events responsible for fur-
ther CMO development and its chronicity have not yet been clearly identified.
Contraction of the posterior hyaloid as a result of inflammation may lead to
mechanical traction onto the perifoveal retinal capillaries and contribute to PCMO.

Histologically, iritis, cyclitis, retinal phlebitis and periphlebitis, as well as intra-
cellular accumulation of fluid in Muller cells have been described [17]. Excess
fluid may break through cell membranes and accumulate extracellularly. If the
fluid is contained intracellularly, the condition is considered to be reversible. If the
cell membranes break and fluid accumulates extracellularly, presumably, the con-
dition then becomes irreversible.

Diagnosis

Funduscopy

On biomicroscopy, loss of the foveal depression, macular thickening and per-
ifoveal cystic spaces can be seen. The cystic spaces can appear as yellow on
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funduscopy and red-free light may aid in their detection. In severe cases, swelling
of the optic nerve head can be detectable. In chronic cases, the cystoid spaces may
fuse, break and result in a lamellar hole [17].

Fundus Fluorescein Angiography

Angiographic CMO is diagnosed in cases with detectable leakage on FFA with
hyperfluorescence of the central macula and optic disc. In the early phase of the
fluorescein angiogram, retinal telangiectasias, capillary dilatation and leakage
from small perifoveal capillaries are visible. In later phases, hyperfluorescence
develops in the central macula with the classic petaloid pattern, and optic disc.
The perifoveal petaloid hyperfluorescence represents fluorescein pooling in cystic
spaces in the inner retina. Leakage and staining of the optic nerve are the result
of capillary leakage. In severe cases, the cystoid spaces may have a ‘honeycomb’
appearance outside the immediate perifoveal region. It is important to emphasize
that a decrease in visual acuity does not correlate with the extent of the leakage.

Optical Coherence Tomography

Although fluorescein angiography was considered the diagnostic gold standard
for PCMO in the past, OCT is now the method of choice for diagnosis and mon-
itoring. Its advantages include it is non-invasive and highly sensitive [12]. What
is more, the thickening of macula can be effectively measured and these meas-
urements correlate better with vision than fluorescein leakage. PCMO on OCT
is characterized by loss of the foveal depression, retinal thickening, and cystic
hyporeflective areas within the macula. Subretinal fluid can also be seen. In cases
of persistent clinical CMO, secondary permanent complications such as lamellar
hole can develop.

Extracellular fluid accumulation is the main causative factor of cyst formation.
However, Miiller cell swelling may also contribute to OCT-CMO development
particularly in cases without significant angiographic vascular leakage.

Risk Factors

Certain anatomic and physiologic conditions disrupt the blood aqueous and blood
retinal barriers and predispose to fluid accumulation within the macula after cata-
ract surgery. The incidence of PCMO is higher with aging, in patients with diabe-
tes mellitus [18], hypertension, leukaemia, history of retinal vein occlusion [19],
recent history of uveitis [20, 21], pre-existing vitreomacular traction, epiretinal
membrane [22, 23], vitreoretinal surgery [24], cataract surgery complications (e.g.
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iris trauma, anterior chamber intraocular lens implant, posterior capsule rupture,
vitreous disruption, vitreous loss, vitreous to the corneal wound), pseudoexfolia-
tion [25], previous PCMO in the fellow eye, previous radiation therapy and cer-
tain medications [26-30]. Perioperative glaucoma and use of intraocular pressure
lowering drops, as well as microscope light toxicity have been suggested to be risk
factors for PCMO [10]. However, more recent studies did not support these find-
ings [31].

Diabetes

The incidence of PCMO is higher in patients with diabetes mellitus with or with-
out diabetic retinopathy [18]. Indicators of poor glycemic control such as HbAlc,
severity of diabetic retinopathy and insulin dependency are all risk factors. If there
is already some degree of diabetic macular edema before the cataract surgery, this
should be treated prior to the operation as it rarely resolves on its own. In cases
when this is not possible, intravitreal anti-inflammatory medication at the surgical
time may be used.

Uveitis

Adequate pre- and post-operative control of inflammation is essential. Patients
with active inflammation within 3 months of surgery have been shown to have a 6
fold increased risk of developing PCMO. Belair and Kim et al. [20] demonstrated
that incidence of PCMO on OCT at 1 month post-op was 12% for eyes with uvei-
tis and 4% for controls, at 3 months 8% and 0%, respectively (this was statistically
significant). Eyes treated perioperatively with oral corticosteroids had a 7-fold
reduction in PCMO.

Pediatric uveitis patients are particularly challenging as demonstrated in
Sijssens et al.’s [32] publication, where they reported CMO in 3 of 19 (16%) of
aphakic, and 1 of 29 (3%) pseudophakic eyes at 1 year (P = 0.286), and 7 of 19
(37%) and 2 of 20 (10%) cumulatively at 2 years (P = 0.065), of children with
juvenile idiopathic arthritis-associated uveitis.

Glaucoma Medications

Topical glaucoma medication as a risk factor for PCMO is still controversial.
There are multiple reports on the potential association of PCMO with the topi-
cal use of ocular hypotensive prostaglandin analogue agents (latanoprost,
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unoprostone, travoprost and bimatoprost) [8]. The explanation is based on the
associated increase in blood aqueous disruption and inflammatory activity.

Miyake et al. [33] demonstrated in several clinical trials and cellular studies
that preoperative and postoperative topical glaucoma medications, specifically
latanoprost and timolol, may increase the incidence of PCMO. It appears that a
commonly used preservative, benzalkonium chloride, is cytotoxic and stimu-
lates inflammatory responses. Arcieri et al. [34] also reported the results of a ran-
domized trial that enrolled 80 subjects, showing that aphakic and pseudophakic
glaucoma patients developed more anterior chamber flare if they were randomized
to take bimatoprost, latanoprost or travoprost compared to placebo (P < 0.02). Six
of these patients developed angiographic PCMO (4 on latanoprost, P = 0.03),
which resolved after discontinuing the prostaglandin analogues, and being treated
with topical antiinflammatories.

However, in a recent retrospective comparative series by Law et al. [35], 700
eyes with glaucoma that underwent cataract surgery did not have a higher inci-
dence of clinical PCMO compared to 553 non-glaucomatous eyes (5.14% and
5.79%, respectively, P = 0.618), and the use of preoperative and postoperative
glaucoma medications was not associated with clinical PCMO (P > 0.05). It is
uncertain whether the results would have differed if angiographic PCMO were the
endpoint.

Differential Diagnosis

Patients with macular oedema after cataract surgery and an underlying ocular
or systemic condition that predisposes to fluid accumulation in the macula may
present diagnostic challenges. What is more, in some patients there may be mixed
macular oedema. It is crucial to diagnose the type of macular oedema appropri-
ately as the management may be different.

In some cases, funduscopy, FFA and OCT may help differentiate PCMO from
other types of macular oedema. Certain morphological features may be associated
with specific underlying pathological processes.

Pseudophakic Cystoid Macular Oedema (PCMO) Versus
Diabetic Macular Oedema (DMO)

PCMO is induced by acute release of pro-inflammatory mediators, local inflam-
matory reaction and acute breakdown of the inner and outer BRB. In contrast, in
DMO there is sustained chronic inflammation and degenerative processes leading
to gradual vascular changes. These chronic processes include: (1) hyperglycae-
mia-related oxidative stress, (2) deposition of advanced glycation end products,
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(3) impaired blood flow, (4) hypoxia, (5) pericyte loss, (6) endothelial cell loss,
(7) upregulation of vesicular transport, (8) down-regulation of glial-cell derived
neurotrophic factor, and to a certain degree (9) inflammation. Acute inflammation
resolves quickly if the inflammatory trigger is removed. In contrast, slow, ongoing,
chronic activation of the immune system will persist (Fig. 1).

Fig. 1 Pseudophakic
cystoid macular oedema:
petalloid pattern of foveal
hyperfluorescence and optic
disc hyperfluorescence

on fundus fluorescein
angiography

Table 1 Morphologic features on OCT and FFA, which help differentiate pseudophakic cystoid
macular oedema (PCMO) from diabetic macular oedema (DMO)

PCMO DMO
Layer location of cysts Mainly inner nuclear layer | Mainly outer plexiform layer
and Henle’s layer
Presence of subretinal fluid Common Less frequent
Preserved foveal contour Infrequent Less frequent
Integrity of retinal layers Common Less frequent
Integrity of hyperreflective Common Photoreceptor layer usually
bands (external limiting mem- disrupted
brane, retinal pigment epithe-
lium, photoreceptor layer)
Presence of ERM Less frequent Common
Presence of microaneurysms No Common
Presence of microfoci, hard No Common
exudates
Presence of “hot disc” hyper- | Frequent Infrequent
fluorescence on FFA
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The FFA and OCT parameters [36, 37], which can help differentiate PCMO
from DMO are shown in Table 1. These include: (1) macular oedema distribution,
(2) the presence of microfoci and (3) the thickness of the retinal nerve fibre layer
[37]. PCMO usually presents with a central MO pattern and intraretinal cystoid
fluid accumulation in the central square mm of the Early Treatment of Diabetic
Retinopathy Study (ETDRS) subfield, mainly cysts in the inner nuclear layer and
intact hyperreflective bands. As the superficial and deep retinal capillary plexuses
are located in the ganglion cell and inner nuclear layers, initially cysts appear in
the INL. On the other hand, DMO usually has diffuse or focal retinal thickening
and preserved foveal depression, due to focal leakage, mainly outer nuclear layer/
Henle’s layer cysts, hard exudates, microfoci and disruption of the photoreceptor
layers. SRF has been reported to be more common in PCMO 47-100% compared
to DMO 10-35% (and seems to depend on disease duration) (Fig. 2).

Prophylaxis and Treatment

The natural history of the disease, the fact that PCMO typically resolves spon-
taneously with time, and the fact that presence of macular oedema with certain
imaging techniques is not always correlated with loss of vision, make difficult the
evaluation of any treatment modality. Further research is necessary to develop evi-
dence-based standard algorithms for its prevention and treatment [8, 38—44].

The management is based on its pathogenesis (i.e. inflammation, blood
retinal barrier disruption). In patients with chronic PCMO, a stepwise plan
should be undertaken starting with topical corticosteroids and non-steroidal

Fig. 2 Spectral domain-optical coherence tomography following uncomplicated phacoemul-
sification and intraocular lens implantation demonstrates newly formed typical cystoid macular
oedema and mild epiretinal membrane



180 M. Ugarte

anti-inflammatory agents (NSAIDs). Following on to periocular (i.e, subconjunc-
tival, sub-Tenon’s, orbital floor, retrobulbar) or intravitreal injections of corticos-
teroids or anti-vascular endothelial growth factor (anti-VEGF) agents when topical
medications have either failed or shown limited effects. PCMO refractory to med-
ical therapy or associated with significant vitreous traction can improve with laser
vitreolysis or pars plana vitrectomy.

Corticosteroids

Corticosteroids reduce inflammation by inhibiting phospholipase A2. In addition,
they inhibit the migration of macrophages and neutrophils, and decrease capil-
lary permeability and vasodilation. Topical corticosteroids (e.g. dexamethasone,
prednisolone) are known to be effective in the treatment of post-cataract surgery
inflammation and are used routinely on a tapering regime over a few weeks after
surgery. Periocular corticosteroids (subconjunctival, sub-Tenon’s, orbital floor,
retrobulbar injections) have been shown to be effective in cases of PCMO refrac-
tory to topical treatment [45]. Intravitreal injections are increasingly used to man-
age macular edema associated with diabetic retinopathy, retinal vein occlusion
and uveitis. These injections enable the delivery of corticosteroids to the retina
in higher concentrations, allowing better bioavailability compared with topical
administration. Jonas et al. [46, 47] demonstrated in their small prospective inter-
ventional case series that patients with PCMO benefited from intravitreal triam-
cinolone acetonide (IVTA) injections. Other studies have also shown beneficial
effects [48, 49].

PCMO may recur even after more than one intravitreal injection of triam-
cinolone acetonide and sustained drug delivery systems have been developed to
address this limitation. Ozurdex (Allergan, Irvine, CA) is an injectable, biodegrad-
able intravitreal implant that provides sustained release of preservative-free dexa-
methasone. Ozurdex has been approved for treatment of macular edema secondary
to retinal vein occlusions and non-infectious posterior uveitis. Various studies
have shown beneficial effects [S0-56]. A phase II study subgroup analysis investi-
gated its efficacy in the treatment of persistent PCMO [44]. Twenty-seven patients
with refractory PCMO were recruited, and randomized to receive dexamethasone
implant 350 pg, dexamethasone implant 700 g, or observation. Eight patients
showed at least a 10-letter improvement at 3 months and maintained the improve-
ment at 6 months. Another study is currently enrolling patients for a Phase II study
to examine the dexamethasone implant to treat PCMO [57].

Corticosteroids use can be associated with various adverse side effects, includ-
ing elevated intraocular pressure, postoperative infection, and impaired wound
healing. Additional potential complications associated with intravitreal injections
include sterile endophthalmitis, retinal detachment, and vitreous hemorrhage.
Increased intraocular pressure in the majority of patients can be managed by
observation or pressure-lowering medications [46].
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Nonsteroidal Anti-inflammatory Drugs (NSAIDs)

NSAIDs inhibit COX in the inflammatory cascade. Topical administration is
thought to have better ocular penetration than systemic routes [58]. The follow-
ing are approved for postoperative inflammation although not for cystoid macu-
lar oedema. Ketorolac 0.4% (Acular, Allergan, Irvine, CA), diclofenac 0.1%
(Voltaren, Bausch & Lomb, Tampa, FL), bromfenac 0.09% (Xibrom/Bromday,
Ista Pharmaceuticals, Irvine, CA), and nepafenac 0.1% (Nevanac, Alcon, Fort
Worth, TX). Nepafenac is a prodrug that is converted by intraocular hydrolases
into its active form, amfenac. Nepafenac has been reported to have superior cor-
neal penetration and posterior segment activity than other NSAIDs in rabbit mod-
els [58].

There are multiple reports on the use of these agents in the prevention and
treatment of acute and chronic PCMO (both angiographic and clinical). In gen-
eral, studies have proven the effectiveness of their use without clear statistical dif-
ferences between the different NSAIDs or evidence to support the equivalence or
superiority of topical NSAIDs with our without topical corticosteroids vs corticos-
teroids alone [33, 58-79].

A Cochrane review [80] found low-certainty evidence that people receiving
topical NSAIDs in combination with steroids may have lower risk of poor vision
due to macular oedema at 3 months after cataract surgery. Although NSAIDs may
speed visual recovery in the first several weeks, there is no evidence that this prac-
tice affects long-term visual outcomes. The authors found it was unclear the extent
to which this reduction had an impact on the visual function and quality of life of
patients.

Topical NSAIDs are generally well tolerated. The main side effects are burn-
ing, conjunctival hyperemia, keratitis, corneal infiltrates, corneal lesions similar
to those observed with other topical preparations possibly related to preservatives
[81-83]. Systemic side effects, such as exacerbation of asthma [84—-86], result
from drainage into the nasolacrimal duct and entry into circulation. Patients with
preexisting ocular surface conditions such as Sjogren’s syndrome, rheumatoid
arthritis, or chronic ocular surface disease should avoid NSAIDs [81, 82, 84].

Anti-VEGF Agents

VEGEF is a key mediator of angiogenesis, but it also plays an important role in
the inflammation, capillary permeability and BRB disruption that causes CMO.
Although the biological basis for the use of anti-VEGF agents in PCMO is not
established, there are some studies indicating their potential benefit.

The efficacy of intravitreal Bevacizumab (Avastin, Genentech, South San
Francisco, CA), a humanized monoclonal antibody that inhibits VEGF-A, for the
treatment of PCMO has been tested. Arevalo et al. [87] reported on a series of 28
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eyes that received at least one 1.25 mg or 2.5 mg injection of intravitreal beva-
cizumab as the primary treatment of chronic PCMO. During the mean follow-up
of 8 months, 21 eyes (71%) improved best corrected visual acuity (BCVA) by 2
or more ETDRS lines. The mean baseline best corrected visual acuity and cen-
tral macular thickness were 6/48 and 466 microns, which improved to 6/18 and
265 microns, respectively (both P < 0.0001). Eight (26%) eyes required a second
injection and 4 (13%) a third. In a 6 month follow-up study with 110 eyes, visual
and anatomic benefits were observed, although 16 (21%) eyes required a second
injection, and 6 (8%) a third one. Similar results were seen at the 24 month fol-
low-up study, when the investigators also noted no outcome differences between
the 1.25 mg and 2.50 mg dosing.

Most other studies have focused on the treatment of chronic PCMO refractory
to other treatments. In 2008, Spitzer et al. [88] showed that 1.25 mg of intravit-
real bevacizumab did not significantly improve visual outcomes in a series of 16
eyes with refractory PCMO, although there was slight decrease in retinal thick-
ness. Arevalo et al. [89] subsequently reported a series of 36 eyes with chronic
PCMO refractory to topical, periocular, systemic and intravitreal treatments, and
showed that 26 eyes (72%) demonstrated improvement of BCVA by at least 2
ETDRS lines, and mean baseline BCVA and central macular thickness improved
from 6/60 and 500 microns, respectively, to 6/24 and 286 microns, respectively, at
12 months, after a mean of 2.7 injections per eye (P < 0.0001).

Another series of 10 patients that received 1.25 mg of bevacizumab also
reported promising visual and anatomic outcomes, with follow up of 6 months
[90]. “Triple therapy” with intravitreal triamcinolone, intravitreal bevacizumab
and topical NSAIDs has been shown to be effective as well [91], although the
effects of the intravitreal medications were transient.

A prospective study of 500 patients evaluated the efficacy of intraoperative
pegaptanib (Macugen, Eyetech Pharmaceuticals, New York, NY) to prevent acute
PCMO [92, 93]. Pegaptanib is a pegylated neutralizing RNA aptamer that selec-
tively binds VEGF165, which is thought to be one of the key pathologic VEGF
isoforms. At week 4, 1 (0.4%) patient in the pegaptanib group while 11 (4.4%) in
the control group developed PCMO as seen with spectral domain OCT.

The present literature does not provide robust support for the use of anti-VEGF
treatments in the treatment of PCMO. Although there are some positive results, a
lack of randomized double-blind placebo trials limits the generalizability of these
data, and there are concerns regarding systemic toxicity in vulnerable patient popu-
lations following intravitreal antiVEGF injection, including stroke and death [94-99].

Surgery

Surgical intervention can be effective in the presence of vitreomacular traction.
Vitreolysis using the Nd:YAG laser has shown positive effects in cases of vitreous
incarceration in the cataract incision wound [100]. The rationale for performing
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vitrectomy in PCMO includes the removal of vitreous adhesions and inflamma-
tory mediators and improved access of topical medication to the posterior pole
[101-103].

Miscellaneous

Carbonic Anhydrase Inhibitor (Acetazolamide)

There are some reports and small series documenting the positive effect of aceta-
zolamide in refractory PCMO [103-106]. Oral acetazolamide may help reduce
macular oedema by stimulating the RPE to pump excess fluid out of the macula.
Furthermore, carbonic anhydrase inhibitors induce acidification of the subretinal
space, and thereby increase fluid resorption from the retina through the RPE into
the choroid. Their use may be limited by severe side effects. Topical CAls have
not yet been investigated in PCMO.

Immunomodulatory Therapy

Recent small pilot studies have started to examine subcutaneous interferon
alpha (IFN-a, Imgenex, San Diego, CA) [107, 108] and intravitreal infliximab
(Remicade, Centocor Ortho Biotech, Horsham, PA) with mixed results [109, 110].

Management Summary

Current guidelines for post-cataract surgery inflammation management rec-
ommend prevention as the main goal with adequate eye/patient selection and
preparation, avoid iris trauma during surgery, optimal management of intraop-
erative complications, and treatment of postoperative inflammation in a timely
manner. Many of the multiple studies performed to test the efficacy of different
drugs and routes in the prophylaxis and treatment of PCMO have been poorly
designed and the results are inconsistent [111]. Prospective, randomized clinical
trials comparing various treatments [112] are required with standardized uve-
itis nomenclature, type of medication used, dosing, treatment regime and out-
come measure end points (angiographic, clinical, OCT macular oedema, visual
loss). Standardized reporting of CMO based on OCT may allow for more uni-
form quantitation of its incidence and more reliable assessment of treatment out-
comes. Future studies should be large enough to detect reduction in the risk of
the outcome of most interest to patients, which is chronic macular oedema lead-
ing to visual loss.
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Prophylaxis and Treatment ®)
of Endophthalmitis Gk

Andrzej Grzybowski and Magdalena Turczynowska

Epidemiology of Endophthalmitis

Endophthalmitis is one of the most serious complications of ophthalmic surgery.
It may cause severe visual acuity impairment, or even loss of the eye [1]. It can
be divided into several categories depending upon the etiologic agent, the onset
of symptoms, or the degree of inflammation. Postoperative endophthalmitis is
defined as a serious inflammation due to an infectious process from bacteria or
fungi that enter the eye during the perioperative period. Although any type of eye
surgery could cause endophthalmitis, the highest incidence was observed after
secondary IOL implantation [2]. Polypropylene loop supports have been associ-
ated with a greater chance of infection, as bacterial adherence to polypropylene
exceeds that for other materials [3]. According to various studies, the incidence
for endophthalmitis after cataract surgery in several European countries var-
ies between 0.03 and 0.7% [4-16]. In 2012, the European Registry of Quality
Outcomes for Cataract and Refractive Surgery (EUREQUO), has set the maxi-
mum acceptable value of incidence for postoperative endophthalmitis after cata-
ract extractions at the level 0.05% [17]. Over the years, many improvements in
technology, techniques, and procedures of cataract surgery have significantly
reduced the incidence of postoperative endophthalmitis (POE). The most recent
reports confirmed low incidence of POE, under 0.1% [18]. Endophthalmitis
classically presents with severe acute ocular inflammation, decreased vision and

A. Grzybowski
Department of Ophthalmology, University of Warmia and Mazury, Olsztyn, Poland

Institute for Research in Ophthalmology, Foundation for Ophthalmology Development,
Poznan, Poland

M. Turczynowska (D<)
Stefan Zeromski Specialist Municipal Hospital, Cracow, Poland
e-mail: m.turczynowska@gmail.com

© Springer Nature Switzerland AG 2021 191
C. Liu and A. Shalaby Bardan (eds.), Cataract Surgery,
https://doi.org/10.1007/978-3-030-38234-6 11


https://doi.org/10.1007/978-3-030-38234-6_11
http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-38234-6_11&domain=pdf

192 A. Grzybowski and M. Turczynowska

pain 4-7 days after surgery. Depending on the causative organism it can develop
very early—even 1 day after surgery in case of high-virulence microorganisms
[19]. Acute-onset POE is most often caused by coagulase-negative staphylococci
(CNS). In contrary, chronic postoperative endophthalmitis (caused by less viru-
lent fungi or Propionibacterium acnes) can take several months to develop. The
etiology of postoperative endophthalmitis is highly dependent on multiple geo-
graphical factors, and varies in different countries. Bacterial virulence level is the
most important prognostic factor predictive of the final visual result. Streptococcal
strains are often virulent, producing exotoxins, thus associated with poor visual
outcome. The patient’s periocular flora remains the most common source of spo-
radic postoperative infection.

The symptoms of POE may vary according to its severity. The most common
include eye redness, pain, ocular discharge, blurred vision, and lid swelling [19].
It has been proved that surgical complications are related with higher incidence
of postoperative endophthalmitis [4]. According to the ESCRS study, a higher
risk of infection includes patients with clear corneal incisions (vs. scleral tunnel
incisions), those with complications at the time of surgery (wound leak, capsular
or zonular complication) and those without intracameral injection of cefuroxime.
However, several large case series found no greater likelihood of infection with
corneal versus other types of incisions [20]. After all, careful watertight incision
construction and closure is obligatory, because the incidence of infection undoubt-
fully increases with wound leak. Also the type of IOL was considered as a risk
factor, with the higher probability of endophthalmitis for silicone intraocular lens
versus other materials [4], however this evidence is not consistent. Other factors
associated with increased rates of endophthalmitis include prolonged surgical
time, immunodeficiency, active blepharitis, lacrimal duct obstruction, inferior inci-
sion location, incomplete removal of lenticular cortex, male gender, older age, pre-
vious intraocular injections, and less experienced surgeons [20, 21]. Risk factors
of postoperative endophthalmitis are presented in Table 1.

Table 1 Risk factors for postoperative endophthalmitis

Preoperative: Older age

Diabetes mellitus
Blepharitis

Use of corticosteroids
Active systemic infection

Intraoperative: No antiseptics/Failure to use topical PVI preparation
Prolonged surgery

Posterior capsular rupture (with/without vitreous
loss)

Postoperative: Noncompliance with treatment
Wound leak
Hypotony
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Prophylaxis

Prophylaxis patterns against infectious postoperative endophthalmitis differ in sev-
eral countries. This includes topical antibiotics before surgery, 5% povidone iodine
to the conjunctival sac, skin disinfection with 10% povidone iodine, eyelid drap-
ing, antibiotics in the irrigating solutions, as an intracameral injection at the close
of surgery, as subconjunctival injections, or applied topically after surgery [20].
According to the Cataract and Anterior Segment Preferred Practice Pattern Panel,
the use of a 5% solution of povidone iodine in the conjunctival sac is strongly rec-
ommended to prevent infection. There is also mounting evidence that injecting
intracameral antibiotics as a bolus at the conclusion of surgery is an efficacious
method of endophthalmitis prophylaxis. The evidence supporting subconjunctival
antibiotic prophylaxis is relatively weak, it is also associated with many risks that
include pain, globe perforation, hemorrhage, and intraocular toxicity from sub-
conjunctival leakage through the incision. As an alternative to intracameral or sub-
conjunctival injection, topical antibiotic instillation may be more protective when
initiated on the day of surgery instead of on the first postoperative day, however,
it does increase antibiotic resistance. Due to the lack of sufficient evidence it is
impossible to recommend any specific antibiotic drug or method of delivery for
endophthalmitis prophylaxis. However, increasing evidence supports now the role
of intracameral antibiotics [21].

Due to very low endophthalmitis rates after cataract surgery it is difficult to
verify prophylactic algorithms. In 2013 the European Society of Cataract and
Refractive Surgeons (ESCRS) has published guidelines on prevention and treat-
ment of postoperative endophthalmitis [22]. These recommendations include per-
forming surgical procedures in specially prepared operating rooms (proper air flow
design, sterile and/or single-used equipment), hand washing with an antiseptic soap
solution, mask, gown, and sterile gloves. Antisepsis of the periocular skin area,
cornea, and conjunctival sac should be performed with topical povidone-iodine.
The 5-10% povidone-iodine solution should be left in place at the skin surface
for at least 3 min. In case of any contraindications (allergy or hyperthyroidism),
the 0.05% solution of chlorhexidine may be used instead. ESCRS guidelines for
prophylaxis of POE are listed in Table 2. It is preferred to use povidone-iodine

Table 2 ESCRS recommendations for prophylaxis of postcataract endophthalmitis

specially prepared operating theaters
* proper air-flow design
* sterile and/or single-used equipment

washing hands with an antiseptic soap solution

mask, gowning and sterile gloves

draping to cover eyelashes and lid margins

antisepsis of the periocular skin area, cornea and conjunctival sac with povidone—iodine

intracameral injection of 1 mg cefuroxime in 0.1 ml saline (0.9%) at the end of surgery
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solution not containing any detergent as it can irreversibly coagulate the cornea.
Administration of lidocaine gel prior to povidone iodine appears to diminish its
antimicrobial efficacy. Application of povidone-iodine remains the only tech-
nique supported by level II evidence to reduce the incidence of endophthalmitis
[23]. Even lower povidone iodine concentrations may be useful for the prevention
of endophthalmitis. For ocular surface washing, the safe and highly bactericidal
concentrations range from 0.05 to 5.0%. Repeated washing of the ocular surface
with 0.25% povidone iodine every 20-30 seconds during ophthalmic surgeries
was shown to be effective in eliminating the conjunctival flora, and minimizing
the passage of bacteria into intraocular compartment [24]. Its use is simple, safe
for the cornea, effective and inexpensive. Moreover, there have been no reports on
resistance to PVI nor anaphylaxis in topical ophthalmic use, and it does not induce
resistance or cross-resistance to antibiotics [25].

In 2007 the ESCRS published the results of the prospective study on periop-
erative prophylaxis of postoperative endophthalmitis. The study showed that
intracameral injection of cefuroxime reduced fivefold the risk for contracting
endophthalmitis following phacoemulsification cataract surgery [4]. In 2012 a spe-
cific commercial cefuroxime sodium at the necessary concentration (0.1 mg/mL)
for intracameral use (Aprokam®) received approval by the European Medicines
Agency (EMA) and was introduced to European market. By now it is officially
approved for intracameral prophylaxis of postoperative endophthalmitis after cat-
aract surgery in most European countries. Cefuroxime has a broad-spectrum of
action, and covers most gram-positive and gram-negative organisms commonly
associated with postoperative infectious endophthalmitis: Staphylococci and
Streptococci (except methicillin resistant Staphylococcus aureus, MRSA; methi-
cillin-resistant Staphylococcus epidermidis, MRSE; and Enterococcus faecalis),
gram-negative bacteria (except Pseudomonas aeruginosa), and P. acnes. Until now,
many other retrospective studies have also reported that intracameral injection of
cefazolin, cefuroxime, or moxifloxacin have reduced the incidence of post-cataract
endophthalmitis.

In many countries, where intracameral cefuroxime is not commercially availa-
ble, surgeons opt for off-label, broad-spectrum fluoroquinolones. The number of
reports regarding the safety of intracameral administration of moxifloxacin has
increased [26-32]. The study published by Matsuura et al. has shown that int-
racameral moxifloxacin (50-500 mg/mL) administration 3-fold reduced the risk
of endophthalmitis. In this study, intracameral moxifloxacin administration did
not result in severe complications, such as toxic anterior segment syndrome or
corneal endothelial cell loss [33]. In 2019, Melega et al. have published results
of randomized controlled trial demonstrating safety and efficacy of intracameral
moxifloxacin in post-cataract endophthalmitis risk reduction [34]. In a recently
published study, Haripriya et al. statistically compared POE rates with and
without intracameral moxifloxacin prophylaxis for phacoemulsification versus
manual small-incision cataract surgery (M-SICS), and for a subgroup of eyes
complicated by posterior capsule rupture (PCR) or requiring secondary surgery.
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It was the largest series to date (of 2,062,643 consecutive eyes). The study
has shown, that intracameral moxifloxacin was associated with a 3.5-fold POE
rate reduction both overall and for M-SICS, and a 6-fold POE rate reduction for
phacoemulsification [35].

Moxifloxacin has many advantages compared to cefuroxime as an antibiotic
for intracameral injection. It offers a broader activity spectrum and a concentra-
tion-dependent action mechanism. Cefuroxime is time-dependent drug; therefore,
as medication turnover after intracameral administration is rapid, moxifloxacin
may be more effective than cefuroxime. Moxifloxacin also seems to be a better
choice in patients with a documented IgE-mediated reaction to penicillin, when
use of cephalosporins should be avoided, due to cross-reactivity between peni-
cillins and cephalosporins (This is not true for Cefuroxime which has a different
side-chain and has no cross-reactivity with Penicillin unlike the third generation
Cephalosporins). Furthermore, commercial moxifloxacin (Vigamox) is preserva-
tive free, can be diluted and used directly for intracameral administration; compli-
cated preparation procedures are not necessary [33].

Many practitioners also used intracameral vancomycin as prophylaxis against
POE during routine cataract surgery [36]. However, a rare but visually devastating
complication, hemorrhagic occlusive retinal vasculitis (HORV), has been recently
reported. It is a complication of cataract surgery in which vancomycin prophylaxis
was used. Presentation is delayed, with a mean onset of symptoms 8 days after the
procedure, and it is associated with retinal hemorrhages, vascular nonperfusion and
venous sheathing [37, 38]. Although the precise cause still remains unknown, this
condition is thought to represent a delayed immune reaction similar to vancomy-
cin-induced leukocytoclastic vasculitis. Despite treatment with high-dose corticoster-
oids, antiviral medication, and early vitrectomy in many patients, visual outcomes
were poor in this series [37, 38]. Based on above finding, the use of vancomycin for
endophthalmitis prophylaxis is now strongly discouraged [21]. It should be empha-
sized, that all of the studies assessing the effectiveness of intracameral antibiotics in
POE prophylaxis were based on endophthalmitis rate greater than 0.05%. It is not
clear if it is possible to achieve similar results with lower endophthalmitis rate.

The use of topical antibiotics preoperatively and/or postoperatively does not
have any specific benefit over the use of povidone iodine or chlorhexidine preop-
eratively and over intracameral antibiotics injected at the close of surgery [22]. It
is also difficult to obtain perfect patient compliance with drop regimens, as they
remain complex and can be difficult for patients to understand (especially older
ones, those with dementia or cognitive difficulties). Moreover, the high cost of
some of the prescribed agents may encourage patients not to fill all of the pre-
scriptions. The consequence of noncompliance are complications after surgery,
and also development of antibiotic resistance. Nowadays, there have been pro-
posed some new approaches that reduce the need for topical therapy. They include
intracameral injection, sustained or slow-release drug delivery mechanisms, and
the recently introduced “Dropless cataract surgery,” which involves intravitreal
injection of single-use, compounded combination of antibiotics and corticosteroids
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[39]. Unlike direct intracameral antibiotic injection, there are no corresponding
studies to support the efficacy of placing antibiotics in the irrigation bottle, as in
this case the intraocular antibiotic concentration and duration are unpredictable.

Intravenous antibiotics do not penetrate effectively in a non-inflamed eye, and
thus are not recommended. Certain oral fluoroquinolone antibiotics penetrate the
blood/ocular barrier adequately to reach levels above the minimum inhibitory con-
centrations for many organisms inside the eye, and oral antibiotics that penetrate
well into the eye may be used selectively [20]. Oral antibiotic prophylaxis is rec-
ommended only in cases of coexisting severe atopic disease and lid margins colo-
nization with Staphylococcus aureus [22].

The evidence supporting subconjunctival antibiotic prophylaxis is relatively
weak. As an alternative to intracameral injection, topical antibiotics may be used.
It is recommended to initiate therapy on the day of surgery instead of on the first
postoperative day. Due to the lack of sufficiently large prospective clinical trials,
nowadays, there is insufficient evidence to recommend a specific antibiotic drug or
method of delivery for endophthalmitis prophylaxis. However, increasing evidence
supports the role of intracameral antibiotic use.

Diagnosis and Treatment

Accurate diagnosis of POE and immediate treatment are crucial to achieve optimal
clinical results with recovery of useful vision. The differential diagnosis includes
toxic anterior segment syndrome (TASS), retained lens material in the anterior
chamber or vitreous, vitreous hemorrhage, postoperative uveitis, and viral retinitis.
Table 3 summarizes the differentiating features between infectious endophthalmi-
tis and TASS. In case of any doubt, even when the cultures are negative, patients
should always be regarded as having infectious endophthalmitis and immediately
treated.

Clinical diagnosis of endophthalmitis requires further microbiological exams:
gram stain, culture, or PCR. The samples for culture should be obtained from
aqueous and vitreous. 0.1-0.2 mL. of aqueous should be aspirated via limbal
paracentesis during the anterior chamber tap using a 25-gauge needle. Vitreous
samples might be obtained by either needle tap, vitreous biopsy, or pars plana vit-
rectomy (PPV).

Published in 1995 the Endophthalmitis Vitrectomy Study (EVS) recommended
vitrectomy for patients with light perception only [1], however more recent stud-
ies have shown that early vitrectomy is beneficial also for patients with better
visual acuity [40-42]. According to ESCRS guidelines, vitrectomy performed by
a vitreoretinal surgeon remains a gold standard of treatment of acute POE, as it
allows obtaining larger sample of vitreous, and at the same time removes bacterial
load in the vitreous [22]. The decision whether or not to perform surgery should
be taken each time individually, taking into account rather the clinical appearance
and course, than the presenting vision alone. In case vitrectomy is not possible to
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Table 3 Characteristics of Endophthalmitis vs TASS

Endophthalmitis TASS
Cause Bacterial, fungal, or viral Noninfectious reaction to toxic
infection agent present in BSS solution/
Antibiotic injection/Endotoxin/
Residue
Gram stain and culture negative
Onset 4-7 days 12-24 h
Signs/symptoms * Significantly decreased VA  Blurry vision
¢ Pain ¢ Pain (mild to moderate)
 Lid swelling with edema « Diffuse corneal edema
» Conjunctival injection, * Dilated, irregular
hyperemia * Nonreactive pupil
e Marked AC inflammatory ¢ Increased IOP
response with hypopyon » Mild to severe AC reaction with
cells, flare, hypopyon, fibrin
Vitreous involvement * Vitreous involvement present » Signs and symptoms limited
to anterior chamber (no vitreous
involvement)
Treatment * Intravitreal and topical * Intensive corticosteroids
antibiotics
* Vitrectomy in selected cases

perform immediately, the vitreous biopsy with a vitreous cutter, not with a syringe
and needle should be performed. Subsequently, antibiotics should be injected
intravitreally and repeated as necessary according to the clinical response at inter-
vals of 48-72 h. Just after collecting samples of infected vitreous, intravitreal
injection of antibiotics should be performed.

According to ESCRS guidelines, a first choice combination of antibiotics is
vancomycin 1 mg in 0.1 mL and ceftazidime 2.25 mg in 0.1 ml. Amikacin 400 pg
in 0.1 mL and vancomycin 1 mg in 0.1 mL remain second choice option. Each
drug should be injected from separate syringe and 30 G needle. At the same time,
400 pg of preservative-free dexamethasone may also be injected into the vitreous.
In case of severe acute purulent endophthalmitis, additional systemic antibiotic
therapy with the same drugs used for intravitreal injections should be considered
for 48 h, with optional systemic therapy with corticosteroids (prednisolone 1 or
even 2 mg/kg/day) [22].
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Introduction

Half of global blindness is caused by cataract [1]. This light scattering reduction in
transparency of the lens is only amenable by means of surgery, which may initially
restore high visual quality. Unfortunately, posterior capsule opacification (PCO),
the most common complication of cataract surgery, develops in a significant pro-
portion of patients which can lead to vision loss.

PCO arises after a number of weeks to many years. Occurring in up to half of
patients post-operatively, younger patients or those with inflammatory ocular condi-
tions are at highest risk. After a cataract procedure, when the intra-ocular lens (IOL)
is inserted into the lens capsule, lens epithelial cells on the anterior capsule remain
despite the rigors of surgical trauma. This resilient group of cells then colonise the pre-
viously cell-free posterior capsule as a form of wound healing response. A thin cover
of cells is insufficient to affect the light path, but subsequent changes to their extra-
cellular matrix and cellular organisation give rise to light scatter (particularly through
capsule wrinkling) and clinically significant visual deterioration. A fibroblastic trans-
formation takes place, causing capsular fibrosis or Elschnig pearls (a morphological
subtype of PCO—see topic below). If these changes are sufficiently severe, corrective
laser surgery is required (specifically using the Nd: YAG laser) which is both expensive
and entails risk (e.g. corneal oedema, iritis, lens dislocation, macular oedema).

Economic analysis of the burden of PCO shows that in the United States alone,
Nd:YAG laser capsulotomy procedures cost $158,000,000 USD in 2003 [2]. Square-
edge IOL design (e.g. AMO Tecnis), lowered the above sum from even higher in pre-
vious years. Current figures in 2020 will be higher due to population rise and ageing
population, despite significant advancements in IOL design (Figs. 1 and 2).
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Fig. 1 Posterior capsule
opacification. Appearance
of fibrotic morphological
subtype at slit lamp view.
Reproduced with permission
from Eyerounds.org,
University of lowa, USA.
Author: Doan, A.

Fig. 2 Posterior capsule
opacification. Appearance

on retroillumination at slit
lamp view. Reproduced with
permission from Eyerounds.
org, University of lowa, USA.
Author: Doan, A.

Biological Processes Behind PCO

Posterior capsule opacification (PCO) is a fibrotic disorder with a complex patho-
physiology. In sequence of key events:
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1. Survival of lens epithelial cells post-surgical trauma

2. Proliferation of lens epithelial cells

3. Migration from the anterior capsule and equatorial regions to the posterior cap-
sule, encroaching upon the visual axis

4. Transdifferentiation to myofibroblast phenotype

. Extracellular matrix (ECM) deposition

6. Extracellular matrix contraction (leading to characteristic ‘wrinkling’ seen on
the posterior capsule under high magnification).

W

Understanding the biochemical mechanisms regulating these events increases our
knowledge of PCO and aids the development of strategies to prevent or treat it.

Fibrosis, generally speaking, is a pathological process which disrupts a tissue’s
architecture by excessive fibroconnective tissue, typically in response to a reparative
or reactive response to a cellular insult [3, 4]. From metabolic malfunction, ischaemia,
degeneration, or autoimmune inflammatory processes, the cellular infiltration involved
in these processes leads to proliferation and transdifferentiation of a cellular phenotype
(e.g. epithelial cells) to activated fibroblasts, called myofibroblasts, which contribute
to ‘excessive’ production of extra-cellular matrix (ECM), leading to contraction and
disruption of tissue architecture [3].

Cell Survival, Proliferation, and Growth Factor Signalling

PCO begins with the trauma of surgical instrumentation within the eye. The popu-
lation of lens epithelial cells which remain after IOL implantation, predominantly
on the anterior lens capsule and equatorial region, orchestrate the subsequent
wound-healing response of PCO through cellular signaling.

The blood-aqueous barrier is breached through surgery, causing the release of
cytokines and growth factors. As this occurs, lens cells release matrix metallopro-
teases, MMPs, which cleave capsule-bound growth factors (Figs. 3, 4 and 5).

Each fibrotic process in the eye shares fundamental factors that propagate the
wound-healing response and subsequent pathology. Thrombin, HGF (hepatocyte
growth factor), EGF (epidermal growth factor), PDGF (platelet-derived growth
factor), FGF (fibroblast growth factor) all lead to survival, proliferation, and
migration, while FGF also enables cellular differentiation to myofibroblast pheno-
type. Transforming growth factor-beta (TGF-B) remains the key player for trans-
differentiation and matrix contraction, which signals through its well-recognised
smad signaling pathway. TGF-B2, in particular, induces transdifferentiation to
myofibroblast phenotype. It will also influence matrix deposition and contrac-
tion (TGF-B1 subtype), while PDGF stimulates fibronectin, glycosaminoglycans
(GAG), and hyaluronic acid production in fibroblasts. However, there are other,
possibly unknown, factors and differential signaling mechanisms behind matrix
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Fig. 3 Phase-contrast microscope view of an in vitro bag-zonular-ciliary body complex isolated
from donor globes, suspended in culture medium, with an IOL inserted to study the effects of
PCO. The image above illustrates residual lens epithelial cells in the equatorial regions with a sil-
houette of the ciliary body, lens zonules, and lens capsule containing the IOL. Image taken with
Professor 1. M. Wormstone, University of East Anglia, UK

Fig. 4 Phase-contrast microscope view. The same in vitro bag-zonular-ciliary body complex iso-
lated from donor globes from Fig. 3, in greater magnification along the rhexis edge, shows lens
epithelial cell migration across the posterior capsule over the rhexis edge, encroaching upon the
visual axis in the early stages of PCO. Image taken by author with Professor 1. M. Wormstone,
University of East Anglia, UK
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Fig. 5 Phase-contrast microscope view in Professor I. M. Wormstone’s laboratory, University
of East Anglia, UK. This in vitro bag-zonular-ciliary body complex (identical culture to Figs. 3
and 4, but four weeks later) illustrates well established PCO, with lens epithelial cell prolifer-
ation and subsequent development of extracellular matrix contraction (‘furrowing’ of capsule),
obstructing the visual axis

contraction which is the end result of advanced lens epithelial cell proliferation
and gives rise to the end stage of PCO.

Recent studies have cast the net further to identify more compounds involved
in fibrosis, such as VEGF [6]. It has been proven that an active VEGF-A signalling
system is functioning in the lens in all stages of development [7]. Assessment of
medium from human lens capsular bag cultures have demonstrated high levels of
VEGEF relative to other growth factors and potentially mediated by IL-10. In fact,
levels were >10 fold more than detected for basic FGF [8]. It has been proven that
treatment of cells with TGF-f, EGF, PDGF, and IL-6 induce VEGF mRNA pro-
duction, suggesting that paracrine or autocrine release of these compounds works
with hypoxic conditions in regulating VEGF, which is known to bind to heparin
sulphate proteoglycans (HSPGs) on the lens capsule, facilitating PCO changes
over time.

A recent study shed light on other growth factors, such as interleukins IL-1ra,
1L-8, IL-10, IL-12(p70 subtype), IL-15, IP-10 (interferon-y-inducible protein 10),
MCP-1 (monocyte chemoattractant protein-1), and MIP-1f (macrophage inflam-
matory protein-1 beta) [6]. Many of these cytokines have been associated with cel-
lular proliferation and other fibrotic conditions.

The extra-cellular matrix and saturation of growth factors typically exists in
a closed environment with traditional ‘in-the-bag’ IOLs. Irrigation of the cap-
sular bag when left open facilitates ‘aqueous wash’ which is accomplished with
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new ‘open-bag’ IOL designs, limiting PCO development to such an extent that
its progression is directly related to how far apart the capsules are from one
another (not only for cellular proliferation, but also for markers of transdif-
ferentiation) [6]. This in-vitro study with a fully open capsular bag (all edges
reflected flat in culture medium) prevented PCO altogether, further supporting
the idea that PCO is driven through concentrated growth factor signaling in a
closed system.

Epithelial to Mesenchymal Transition

In epithelial to mesenchymal transition (EMT), which all fibrotic processes share,
epithelial cells experience a multitude of biochemical and morphological changes,
disconnecting themselves from their basal surface and basement membrane to
migrate, resist apoptosis, and produce ECM components. The resulting mesenchy-
mal cell leaves the epithelial layer from which it originated and turns myofibro-
blastic [9].

In PCO, there is loss of E-cadherin from epithelial cells, a key event in
EMT, causing a transition to a mesenchymal phenotype which enables migra-
tion across the posterior capsule, obscuring the visual axis. This occurs with
an upregulation of N-cadherin, Vimentin, and a-SMA (alpha-smooth mus-
cle actin), an important marker for fibroblast-myofibroblast conversion and
a marker of matrix contraction [9-12]. Factors that bind to the E-cadherin
promoter to inhibit its transcription include the zinc finger proteins, Snail
and Slug signalling pathway (Snaill and Snail2), which induces EMT with
zinc finger E-box-binding (ZEB1/2) and Smads to promote Wnt signalling and
a-SMA expression [9]. These early points in EMT destabilise communication
between epithelial cells as gap junctions are compromised and desmosomes
interrupted (Fig. 6). Groups of actin microfilaments form the basis of the con-
tractile apparatus of myofibroblasts which terminate in the fibronexus (mature
focal adhesions). This adhesion complex uses transmembrane integrins to con-
nect intracellular actin to extracellular fibronectin domains. This results in
a mechanotransduction system (converting mechanical stimulus to biochemical
activity) which transmits forces created by stress fibres to the encompassing
extracellular matrix, resulting in contraction and disruption to tissue organisa-
tion [13].

Elschnig Pearls

Elschnig pearls are a morphological subtype of PCO and remain an impor-
tant cause behind post-operative visual decline (Fig. 7). This regenerative sub-
type of PCO is thought to be an attempt at lens fibre production from residual lens
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Fig. 6 Slit lamp view. This patient received an iris-sutured posterior chamber IOL which was
chosen due to zonular weakness. Iris pigment deposition is noticeable on the anterior lens cap-
sule with dramatic capsular phimosis one month post-op and radial folds. This was later treated
with Nd:YAG anterior capsulotomy. Reproduced with permission from Eyerounds.org, University
of lowa, USA. Authors: Vislisel, J., Critser, B.

epithelial cells, but this is debated. Due to lack of normal lenticular pres-
sure, remaining lens epithelial cells form globular and spherical shapes, either
basally elongated with microvilli or completely smooth on microscopy. In 1993,
Sveinsson and colleagues published an article on the ultrastructure of Elschnig
pearls to understand their aetiology [14]. Their group documented nuclei which
range from oval-shape to lobulated with the occasional vesicular body. They rap-
idly change, often enlarging then disappearing before reappearing again. Thought
to be caused by osmotic variation and apoptosis following years of cell migra-
tion and proliferation, these dynamic changes remain an area of further research.
Clinically, Elschnig pearls behave like cysts, but they contain material with a
higher refractive index than neighbouring tissue, which means they could be filled
with lens fibre material and unsaturated lipids [15]. Interestingly, a transmis-
sion electron microscope (TEM) has been used to examine Elschnig pearls on a
Millipore filter [16]. This group of researchers theorised that Elschnig pearls are
biophysical products of lens fibre degradation of no cellular origin. In support of
this theory, formations similar to these have been found in some forms of cataract.
Nd:YAG capsulotomies [see section on ‘Treatment of PCO’ below] in eyes with
this form of PCO shed light on their behaviour, leading to an increased rate of dis-
appearance around capsulotomy margins. This is thought to be due to less contact
pressure between the IOL and posterior capsule, which typically facilitates migra-
tion. Or perhaps they fall into the vitreous cavity after migrating over the capsulo-
tomy margin? The force behind the Nd:YAG’s laser shockwave is another possible
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Fig. 7 Elschnig Pearls. Slit lamp view. Reproduced with permission from Eyerounds.org, Uni-
versity of lowa, USA. Author: Bhatti, S., of Bhatti Eye Clinic

mechanism behind their disappearance. Pearls that do remain on the capsulotomy
margin have been termed “pearl strings”, which remain particularly stubborn and
proliferate further over time. Whichever theory (or combination thereof) may be
correct, it is important to focus on preventing them in the first instance (Fig. 7).

Prevention of PCO

Historically, Nishi [17] reported that PCO incidence was reduced by closer appo-
sition of the IOL to the posterior capsule status post implantation. Nishi and col-
leagues found that the posterior chamber lens suppressed the migration of LECs
toward the centre of the capsule and also suppressed development of a ring-shaped
opacity at the site of contact between the posterior capsule and the anterior capsule
rim. Fixation of the posterior chamber lens within the bag enhanced these suppres-
sive effects. This represents the no-space, no-cell theory. The posterior convexity of
the IOL (particularly with square-edge design) and posterior vaulting of the IOL with
resultant pressure on the posterior capsule due to anteriorly angulated haptics has
helped. There is a competing theory advocating an ‘open bag’ approach which argues
separation of the anterior and posterior capsule allows for dilution of growth factors
which prevents PCO from developing altogether [further detail under ‘IOL Design’].
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TIOL Material

Biconvex and planoconvex polymethylmethacrylate (PMMA) IOLs were found to
have a beneficial effect on PCO in early studies [18-20]. Additional benefits were
observed when utilising silicone plate haptic IOLs [21] and biomaterials such as
Alcon AcrySof material (hydrophobic acrylic). The ‘sandwich’ theory, originally
hypothesised by Dr. Linnola, states that an IOL composed of bioadhesive material
will stick firmly to the posterior capsule, preventing anything more than a mon-
olayer of lens epithelial cells from proliferating. As such, research ensued to study
the bioadhesive properties of different IOL materials [22]. Hydrophobic acrylic
lenses produced the strongest results (bound strongest to fibronectin on the lens
capsule), followed by PMMA IOLs, silicone, and lastly hydrophilic acrylic IOLs.
Interestingly, collagen type IV, which is found to be associated with anterior capsule
phimosis and fairly aggressive fibrotic change, had a predilection for silicon IOLs.

IOL Design

PCO rates further declined with the introduction of square edge optics of the pos-
terior surface, which allow a sharp bend on the capsule, making it difficult for
LECs to migrate under the optic (‘sandwich theory’). With square-edge design,
rates of PCO declined despite choice of material. However, scanning electron
microscope studies have shown that hydrophobic acrylic still have the sharpest
lens edges [23]. Efforts have since focused on creating the best edges possible
to exert a maximal force to prevent cellular migration. Despite these square edge
designs, these edges may eventually be breached, resulting in victory for lens epi-
thelial cell migration.

Contrary to the sandwich theory (lens capsule ‘shrink wrap’ over an IOL),
the open-bag theory of PCO supports the idea that with greater space between
the anterior and posterior capsule, greater inhibition of PCO occurs. A study in
Scientific Reports supports such a theory [6]. Separation of the anterior and pos-
terior capsule increases levels of aqueous humour, ‘washing out’ growth factors
which lead to their dilution (these are normally upregulated following the traumas
of cataract surgery, as mentioned previously). Another theory, which supports bulk-
ier designs, shows that mechanical stretch and compression of the lens capsule in all
regions results in a general (albeit mechanical) inhibitory effect. This may hold true
for the FluidVision IOL (Powervision Inc.), which has fluid-filled haptics allowing
for up to five dioptres of accommodation in patients, provided their lens capsules do
not fibrose. Silicon oil in large haptic components flow back and forth between the
optic to dynamically modify IOL curvature and therefore spherical power (Fig. 8).

The Zephyr® IOL (Anew Optics, Inc.) is unique in that it supports the theory
of open-bag design with complete separation of anterior and posterior capsule
from the optic, which suggests a tight seal against the posterior capsule is not



210 M. McDonald

Fig. 8 Fluidvision

1OL. Images courtesy of
Powervision, Inc., Belmont,
California, USA

necessarily essential for PCO prevention. Endocapsular flow is facilitated through
its design. Eventually, full inhibition of fibrosis and maintenance of an open-bag
may prove essential for accommodative IOLs which restore the natural physiology
of lens/lens capsule behaviour.

Capsular Tension Rings and Endocapsular Equator Rings

Capsular tension rings (CTRs) have been employed historically to maintain an
open bag design and to ‘stretch’ the lens capsule, preventing wrinkling in PCO.
Hara et al. [24], published long term data advocating the use of endocapsular
equator rings (“E-Rings”), which separate the anterior capsule from the posterior
capsule with an IOL implanted in the middle. This reduced PCO rates dramati-
cally, with none of their patients requiring YAG capsulotomy by 7 years (com-
pared to 45% YAG rate in control group).

Capsular tension rings, which differ from E-rings, have also been used in
patients with weak zonules and have also proven modestly effective in PCO pre-
vention. Small incision phacoemulsification with the insertion of an IOL in com-
plicated cataract cases was made significantly safer with the advent of capsular
tension rings (CTRs) [25]. Indications for CTRs are any condition compromising
zonular integrity [26].

These include (and are not limited to):

Marfan’s syndrome
Homocysteinuria
Syphilis

Congenital ectopia lentis
Zonular trauma



Posterior Capsule Opacification 211

Marchesani’s syndrome
Scleroderma

Porphyria
Hyperlysinemia
Hyperlipoproteinemia
Sulfite oxidase deficiency.

Contraindications include compromised capsular bag integrity, in addition to pos-
terior capsule rupture (beware posterior polar cataracts). CTRs may be implanted
before or after phacoemulsification. Early trials inserted CTRs after hydrodissec-
tion (resulting in cortical cleaving), prior to phacoemulsification. Although every
patient is unique and surgeons have their own preferences, it is more common
today to dial a CTR into place (using forceps or the Geuder AG injector) after
phacoemulsification [26] (Figs. 9 and 10).

Importantly, capsular tension rings also lead to less anterior capsule fibrosis
(increased risk with intraocular inflammation, small rhexis, weak zonules) (Fig. 11).

Inhibition of Cell Growth Using Chemical Agents

In 1988, a study pioneered the evaluation of pharmacologic agents in relation to the
in vitro inhibition of LEC proliferation and migration in PCO [27]. The research
determined that drugs were capable of inhibiting LEC growth and/or migration and
were efficacious in the prevention of PCO (thapsigargan, in particular) [28].

Fig. 9 Phase-contrast microscopy (10x magnification) showing coverage of the central poste-
rior capsule of human donor eyes at endpoint (day 28), in both serum-free (SF) medium (top
row) and with the addition of TGF-p2 (bottom row), in the presence (right side) and absence of
CTR (left side). No CTR showed more furrowing of the lens capsule compared to intervention,
which would prove clinically significant. Images courtesy of Professor C. Liu and Professor 1. M.
Wormstone, University of East Anglia, UK
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Fig. 10 Low-power phase-contrast microscopy shows coverage of the posterior capsule (in rep-
resentative quarters) of human donor eyes at endpoint (day 28), in both serum-free (SF) medium
(top row) and with the addition of TGF-$ (bottom row), in the presence (right side) and absence
of CTR (left side). As shown previously in higher magnification, no CTR showed more fur-
rowing of the lens capsule compared to intervention, which would prove clinically significant.
Images courtesy of Professor C. Liu and Professor 1. M. Wormstone, University of East Anglia,
UK

A number of pharmacological agents have been previously proposed to inhibit
lens cell growth that leads to PCO, including 5-fluorouracil, daunomycin, doxo-
rubicin, methotrexate, axitinib (pan-VEGFR inhibition), and even distilled water,
most of which have been tested on cell cultures [6]. At the clinical level, there are
two predominant methods of applying the desired agent to target cells; supplemen-
tation of the irrigation medium and treatment of IOL surfaces. The primary com-
plication associated with any method of drug delivery is toxicity to other tissues,
specifically the corneal endothelium.

Equatorial cells are the least accessible cells to irrigation due to their loca-
tion and protection from residual fibres, but they are dynamic cells in the ini-
tial stages of cell growth following surgery. The rapid rate of progression across
the capsule suggests these bow region cells remain in high abundance and
future attempts should consider localised delivery of drugs to this particular cell
population.

The IOL offers a more controlled means of drug delivery and by utilising
the haptic component in addition to the main IOL body, cytotoxic agents can be
applied directly to the equatorial cells. The nature of drug attachment should be
sufficiently strong to prevent significant leakage into surrounding tissues, yet suffi-
ciently weak to permit accumulation by the contiguous cells.
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Fig. 11 Clinical photographs at slit lamp examination of the anterior capsule before and after
radial Nd:YAG anterior capsulotomy. The top row demonstrate pre-laser anterior capsule fibrosis
with the bottom row showing post-laser treatment for each eye. This is a more advanced Nd:YAG
laser technique which requires no posterior offset when aiming the laser. Images courtesy of
Professor C. Liu

Thapsigargin has been chosen in the past as a cytotoxic agent to be deliv-
ered via IOLs because it is a hydrophobic substance that adheres well to plastic.
It has also been shown in previous experiments with tissue-cultured rabbit lens
cells that growth could be inhibited by exposure to nanomolar concentrations of
thapsigargin. Thapsigargin is readily transferred from the IOL through the cell
membrane and accumulates on the endoplasmic reticulum. The early effects of
inactivation of the endoplasmic reticulum appear to be a loss of the cell’s ability
to divide or synthesise proteins. The exposure ultimately ends in the death of all
cells within the lens capsule. However, with loss of cells in the lens capsule, there
is occasionally loss of IOL stability. Without the classic PCO ‘shrink wrap’ effect
on an IOL, the IOL may continue to move freely in the lens capsule (depending on
its design, of course).
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Closed Capsular Bag Irrigation

In 2003, Maloof developed a method using an irrigation device made from biomedical
grade silicon that would allow the surgeons to reseal the capsular bag after targeting
lens epithelial cells during human cataract surgery [29]. The extension arm has a vac-
uum channel that applies suction to a ring that passes through the phacoemulsification
wound and provides an irrigation and outflow channel. The tool is short and folds eas-
ily for insertion through a 3.2-3.5 mm incision using Kelman—McPherson forceps.

In their study, there was no leakage of dyes into the chamber, confirming it was
a closed system. Slit lamp biomicroscopic examination was performed at day 1,
week 1 and 3 and 6 months. The 6-month follow-up examination showed a reduc-
tion in anterior capsule opacification in comparison to control groups. A follow-up
at 1 year continued to confirm a reduced degree of anterior capsule fibrosis and
capsular phimosis in the study groups compared to the control group. PCO was
not seen in the majority of the treatment eyes.

However, investigation of a definitive technique and product for sealed capsular
irrigation continues as none have ever made it into common practice as of yet.

Treatment of PCO

Neodymium : Yttrium-Aluminium-Garnet (Nd:YAG) Laser

When PCO occurs to such an extent that the visual axis is compromised, the Nd:YAG
laser (Y, ¢;Nd, ;3A150,,) is employed to create a window through the fibrous posterior
capsule. This solid-state laser emits a focused wavelength of low divergence at 1064 nm
(1% Nd doping). For other applications this may be frequency-doubled or -tripled.

The Nd:YAG laser is photo disruptive, which means it is pigment independ-
ent, using high energy in a small spot for a brief duration (highly concentrated)
which causes localised temperature increase to 15,000 degrees Celsius. Its acous-
tic shockwave breaks through tissue and is directed backward, toward the ophthal-
mologist/operator, meaning the laser must be focused just posterior to the capsule
(250-350 pm Offset) using a helium neon aiming beam.

Preoperative Assessment

BCVA

Glare test

Pinhole

Intraocular pressure (IOP)

Thorough slit lamp examination (anterior and posterior segment post-dilation).

Contraindications for YAG Capsulotomy

e Corneal pathology affecting transparency, such as scars, oedema, or infiltrates
e Aqueous pathology such as cells/flare, or hyphaema.
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Pre- and Post-Operative

Prior to treatment, an ophthalmologist may apply topical anaesthetic and a cou-
pling agent, such as 2.5% hydroxypropyl methylcellulose, to accommodate an
Abraham YAG lens which helps form a seal against the cornea, force the eyelids
apart, and focus the laser at a precise magnification. However, this will differ
between surgeons and many may choose not to use a capsulotomy lens for this
procedure. Pressure lowering drops (e.g. apraclonidine or brimonidine) and ster-
oids may also be administered post-treatment to control inflammation and poten-
tial IOP rise. This will also vary according to surgeon preference.

Capsulotomy Techniques
A YAG posterior capsulotomy typically begins with an initial energy of around 1 mJ,
with 250-350 wm posterior offset and a fixed spot size and duration. It is key to
avoid the IOL and anterior hyaloid face. Pearl-type PCO phenotypes require less
energy (e.g. 1 mJ starting energy) than dense, fibrous PCO phenotypes (e.g. 2.5 mJ
starting energy). After an initial firing shot with the laser, tissue response is gauged.
Energy may then be increased by 0.3-0.5 mJ each time. Each break must be contin-
uous with the previous one as the surgeon aims each shot. Many shape approaches
to capsulotomies exist, such as forming a cross (cruciate), bucket handle, square, or
circle. Many surgeons prefer the cruciate shape as this limits detachment of capsu-
lar tissue into the vitreous. Otherwise the patient may complain of increased floaters
post-operatively. It is best to avoid large capsulotomies in patients with a high axial
length, as this is associated with increased rate of complication. Total laser energy is
also an important contributor to complications, which ranges in incidence from 2 to
12%. 1t is best to also avoid localised areas of dense fibrotic change with the YAG
capsulotomy.

Refer to Fig. 11 for the radial Nd:YAG laser approach to anterior capsule
fibrosis. No posterior offset is used in this variation to preserve the surface of the
1OL (this prevents pitting and dislocation).

Complications of YAG Laser Therapy

Intra-ocular pressure increase (most common)

Corneal oedema

Uveitis

Iritis

Pitting of the IOL

Glare

IOL decentration or dislocation to vitreous

Cystoid macular oedema

Retinal tears and detachment (including macular holes).

Future of PCO Prevention

Our understanding of PCO has deepened considerably since its description, but
there is still much to learn about this pathophysiological process. Our knowl-
edge of the processes that underpin PCO is crucial to success (e.g. growth fac-
tor activation, lens capsule properties, and surgical factors). Fortunately there are
a variety of in vitro models of PCO to facilitate this process. A combination of
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IOL design and drug delivery methods may prevent PCO altogether in the future.
Using the lens as a drug delivery system by either incorporating the drug into a
slow release gel (for long-term inhibition) or as nanoparticles contained on the
lens haptics, for example, are current areas of research. Alternatively, injecting a
pharmacological drug before lens implantation may produce encouraging results
in preventing PCO. Drug-eluting lenses with innovative designs and new materials
may be the future of cataract surgery. The permeability of the lens capsule should
be an important area of study to understand how it handles and contains pharma-
ceutical compounds. In the meantime, it is prudent to further investigate the bio-
chemical processes underpinning PCO to greater enhance our understanding and
technology.
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Surgery and Managing the
Unhappy Patient

Sophie J. Coutts and Allon Barsam

Funding and Size of the Market

Within the United Kingdom, the National Health Service (NHS) provides cataract
surgery at no cost to the patient providing they are a resident of the UK. Within
this service there are waiting lists and consultant led care pathways. There is
however neither certainty nor choice of a named consultant surgeon performing
the operation. In large teaching hospitals it is highly likely that an ophthalmol-
ogist-in-training rather than a consultant will perform the surgery either under
supervision or unsupervised. Most trusts only allow use of a monofocal intraoc-
ular lens (IOL) although some trusts do have the option of toric lenses for higher
astigmatism only. The NHS has been founded on the principle of being free at the
point of service so any co-payment scheme involving paying for extra care such as
premium lenses is against its ethos and not allowed. The maximum waiting time of
18 weeks is achieved for 90-95% of patients.

Private sector cataract surgery in the UK offers a service where patients either
directly pay their chosen surgeon (self-pay) and clinic/hospital or if the patient
pays for a private insurance policy, the insurance provider pays the patient’s cho-
sen surgeon a surgery fee with the facility fee going to the clinic or hospital. This
insured pathway normally requires initiating via a General Practitioner (Family
Medicine Physician) or Optometric referral, on condition that both the surgeon
and the clinic/hospital are registered and recognized/“approved” by the insurance
company. This gives the patient a guarantee of consultant continuity at all stages
of the process. Normally there is a faster time frame for this private care pathway
than with the NHS. The private care pathway also guarantees the patient complete
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choice of surgeon for self-pay surgery and some choice of surgeon for insured
surgery. The reason there is not total choice of surgeon in the insured sector is
because some consultants choose not to be recognised by certain insurers as they
find the renumeration not worthwhile. Furthermore, some insurance companies
will suspend or refuse recognition of consultants often on account of the insur-
ance companies policies on surgical or diagnostic fees. This service also gives the
surgeon and patient the choice of premium lens implants, such as toric and pres-
byopic lenses allowing greater spectacle independence. However, the extra fee for
premium lenses is not funded by most insurance companies and instead is passed
to the patient as an additional cost. The same is true of adjuvants to conventional
phacoemulsifcation surgery such as femtosecond laser surgery (femto-phaco).

In continental Europe most countries have a universal health care system.
However, many residents purchase private health insurance cover. Germany for
example, operates a policy of “sickness funds” with citizens contributing in pro-
portion to their income. Additional services can be bought or statutory health
cover can be opted out and complete private coverage sought. However cataract
surgery with premium IOLs similar to the UK, are paid for via private insurance or
self funded.

The United States of America operates with no universal health cover such as
the NHS for patients of all ages and economic circumstance. There are no nation-
wide medical facilities open to the general public but local government owned
medical facilities such as county hospitals do exist. Residents require health insur-
ance cover which people buy on their own or obtain via their or a family member’s
work employer, this covers conventional cataract surgery but premium IOLs are
not included in this and patients pay the extra fee for such lenses.

The health systems of Canada and Australia are hybrid systems. Both have a
universal health care system for residents paid for via taxes and called public
healthcare insurance (medicare). This covers elective cataract surgery not with
premium lenses and often with a long wait for treatment. A higher proportion of
residents take supplementary private insurance and in Australia the government
actively encourages private insurance, offering rebates on insurance costs. Premium
lenses if with medicare or private medical insurance providers are not covered and
termed ‘out of pocket’ cataract surgery costs paid for by the patient [1].

The global cataract surgery devices market in 2016 was valued at US$6.8
billion and by 2023 is expected to reach US$8.5 billion. The phacoemulsifica-
tion systems to remove cataracts, IOLs, instruments and ophthalmic viscoelastic
devices all used in surgery are classed as cataract surgery devices [2].

This market growth is however impeded by the low income or developing
world economies where cataract surgery is less dependent on phacoemulsification.
Instead manual or small incision cataract surgery (SICS)/extra capsular cataract
extraction (ECCE) predominate the field and accordingly premium lenses take a
backstage position.

Within the developing world the availability of SICS has revolutionised cata-
ract surgery. Despite private and government institutional provision there remains
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a massive shortfall in provision of eye care and cataract services to many of their
populations. Sadly cataracts remain a leading cause of blindness in these regions.

Patient Expectations and Consent for Premium Cataract
Surgery

Premium IOL decisions require a specific consultation to determine patient suita-
bility and expectations for vision. A patient happy wearing reading spectacles after
cataract surgery could have conventional monofocal IOL surgery and those who
want reading spectacle independence can be consulted on premium lens options.

There are three conventional viewing distances of near, intermediate, and far.
Whilst a monofocal IOL allows for a single correction at far, some patients prefer
spectacle independence from reading at near or at an intermediate distance. Near
distance is the zone where images are focused for near tasks commonly between
range 30 cm (3.0 Dioptres) to 40 cm (2.5 Dioptres), such as for book reading.
Intermediate distance is within the range 50 cm (2 Dioptres) to 100 cm (1 Dioptre)
and is the focus used for facial recognition, computer use and reading the mobile
phone. A presbyopic IOL can accommodate for all of these focal points to achieve
the best patient satisfaction. With increasing reliance on close vision for hand held
electronic devices and computer use permeating almost every element of modern
life and work, presbyopic IOL solutions are gaining in popularity with patients.

Spectacle free vision however doesn’t always necessitate use of a presbyopic
correcting IOL. Monovision is an option in patients who want a degree of specta-
cle independence but are either not expressing a desire to have a presbyopic IOL
or initial consultation deems them unsuitable candidates for a presbyopic IOL.
Monovision is the planned insertion of an IOL for the non-dominant eye to be
myopic in the region of —2.00 to —2.50 Dioptres and so allow near vision, and
the dominant eye corrected to emmetropia for distance vision. Whilst it may take
3—4 weeks for patients to adapt to monovision, with greater tolerance in patients
already using contact lens monovision, it is used on a case specific basis as it
brings concerns of altered depth perception and reduced stereopsis post procedure
and is only tolerated in 2/3 of patients. Mini-monovision conversely corrects one
eye for far vision and the other eye for intermediate with only a slight undercor-
rection in the region of —1.00 Dioptres of myopia. Mini-monovision however does
not rely on recognition of a dominant eye, gives intermediate vision such as for
recognition of faces and has a patient tolerance of more or less 100%. When aim-
ing for spectacle independence, it is important to explain that only 90% or so will
achieve full independence. A further procedure may be necessary for fine tuning
any refractive surprise. Finally, those receiving multifocal implants needs to be
warned of glare and halos, and requiring higher luminance for reading [3].

At initial consultation it is important to understand the patient’s visual needs
and ask about their vocation, activities and the probability of tolerance for glare
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and haloes. Those who have a profession involving frequent night driving or who
have glare at night are unlikely to be suitable for presbyopic IOLs. In addition
patients with significant maculopathy such as epiretinal membranes or lamellar
holes may not tolerate presbyopic IOLs. Multifocal IOLs are also relatively con-
traindicated in those with glaucoma and early dementia.

All patients should be advised on post operative concerns such as glare, halo,
quality of vision, residual refractive error and to reduce these, the possibility of
a surface enhancement procedure after cataract surgery. Those not pre-warned on
such may see any concern as a complication they were not aware of preoperatively.

Patients with >2.50 Diopters of cylindrical correction pre-operatively should
be consulted on the option of being fitted with a monofocal or presbyopic toric
intraocular lens, This option of a toric IOL then expands the consent process to
include the risk of post-operative IOL rotation and in such an event the possibility
for further surgery to reposition the IOL. Patients with a cylindrical correction of
<1.50 Diopters can be consented on limbal relaxing incisions at the time of sur-
gery which may be single or paired, and positioned where the cornea is steeper, to
a length as long in clock hours as the cornea is steep in dioptres. Patient consent
for LRIs includes complications such as globe perforation, reduced corneal sensa-
tion, dry eye, induction of irregular astigmatism and cylindrical axis shift.

Post premium IOL insertion it is important to re-evaluate a patient, assessing
for satisfaction with near, intermediate and distance vision before proceeding to
second eye surgery, remembering that patients do best with bilateral presbyopic
IOL implantation. The second eye cataract surgery is usually within one month of
first eye surgery. Immediately sequential bilateral cataract surgery is an option to
improve bilateral adaptation.

Patient understanding of acceptable and expected surgical outcomes is needed
for the achievement of optimal results. Those patients with unrealistic visual post
operative expectations or excessive complaints regarding spectacles or contact
lenses may be unsuitable candidates for presbyopic IOLs.

In general all cataract surgery and specifically premium IOL surgery cases
require careful patient selection and counselling. The same precise surgical tech-
nique used in conventional monofocal cataract surgery is also required with pre-
mium lenses. However a presbyopic IOL needs precise centration for the best
optical effect and visual results, this can be achieved with a well centred capsulor-
rhexis and good zonular integrity.

Managing the Unhappy Patient After Cataract Surgery

After cataract surgery with monofocal IOLs unhappy patients have issues centred
around unexpected refractive errors (so enforcing the importance of preoperative
biometry checks), aberrations such as negative or positive dysphotopsias, late IOL
dislocations and cases where the operation had intraoperative complications.
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The primary reason for an unhappy patient after premium cataract surgery is
when uncorrected vision goals are not met. These patients require attention to
detail from a surgical, pharmacological and psychological perspective, with six
common causes at fault:

(1) Consecutive Treatment

— Immediately sequential bilateral cataract surgery
Patients preoperatively need to be aware full functionality is achieved only after
second eye IOL is placed. The importance of having both eyes completed is
critical for the success of the procedure along with providing for an adequate
neuroadaptation period.

— Delayed sequential bilateral cataract surgery
The second IOL choice may be predicated on the patient’s response to the first
surgery and if extremely dissatisfied with the first eye, consecutive surgery is
not advised until the first eye is optimised.

(2) Cylinder and residual refractive error

Presbyopic IOL patients are sensitive to very small refractive errors. Any astigma-
tism greater than 0.50 D in a symptomatic patient should be treated. Limbal relax-
ing incisions (LRI) can be useful for less than 1.50 D of cylinder, and for more
than 1.50 D of cylinder surface ablation or laser in situ keratomileusis (LASIK)
provides more accurate results.

Patients receiving toric IOLs should have full correction of their preoperative
corneal astigmatism, though if there has been a rotation of the IOL the cylindrical
refraction may not be fully corrected. The mechanisms behind this are thought
to be continued expansion of the haptics destabilizing the desired IOL position,
wound leak, leaving the eye overinflated and not at physiological intraocular pres-
sure or retained viscoelastic around the haptics. Toric IOL rotation of 1 degree
away from desired axis results in 3.5% loss of cylindrical correction, with 7%
loss in correction for 3.5 degrees rotation and a 34% loss for 10 degrees rota-
tion. In the case of 10 degrees rotation the toric IOL requires repositioning and
if proceeding to sequential cataract surgery with a toric IOL a capsular tension
ring used. With toric IOLs the surgeon should have a low tolerance for inserting a
capsular tension ring, especially if the IOL seems mobile, in cases of axial myo-
pia or in conditions where lens repositioning is restricted by for example a poorly
dilating pupil.

(3) Capsular opacification (For details see PCO chapter)

Presbyopic IOLs cause glare and can reduce contrast sensitivity with possible
capsular opacity magnifying these issues. Depending on the patient’s complaint
and mesopic/scotopic pupil size presbyopic IOL patients may require a larger
capsulotomy than normal. However it is important to be certain that the pos-
terior capsule is the issue, as once opened, safe IOL exchange will be more
challenging.



224 S. J. Coutts and A. Barsam

(4) Cystoid macular oedema (CMO) See CMO chapter for details

Patients who have conventional cataract surgery with no risk factors and no cap-
sular rupture, have up to a 70% chance of having macular thickening on optical
coherence tomography (OCT) and a 12% chance of having visually significant
CMO without the use of a topical NSAID. In addition, the loss of contrast sensitiv-
ity associated with a presbyopic IOL is made much worse by CMO. Once the nor-
mal architecture of the retina is lost, that visual quality is degraded for life. Snellen
visual acuity will improve, but contrast sensitivity will be permanently reduced.
The best way to look for CMO after cataract surgery is with OCT. In addition,
OCT is a very effective screening tool preoperatively for epiretinal membranes
(ERM) and lamellar macular holes. Presbyopic IOL patients will not tolerate the
lenses if they have significant maculopathy. Topical nonsteroidal anti-inflammatory
agents should be used perioperatively in eyes with ERM to decrease the risk of
cystoid macular oedema and improve retinal function. Many sources recommend
using a topical NSAID four times a day for 3 days preoperatively and continue
it for 4-6 weeks post-operatively to help prevent CMO. For those patients with
first eye post-operative CMO when they are listed for second eye cataract surgery
prophylactic topical NSAID should be a must and a baseline OCT taken [4].

(5) Corneal and ocular surface disease

The tear film is the most important refracting surface of the eye, with mild disrup-
tion impacting quality of vision. It is reported that topical cyclosporine use in dry
eye multifocal IOL patient gave improved contrast sensitivity in the cyclosporine
treated eye versus the other eye receiving just artificial tears [5].

(6) Centration of the pupil relative to the IOL

If the IOL in its capsular bag is not centred behind the pupil the patient will com-
plain of glare or halo. Dysphotopsias are thought to be the result of an optical
aberration where light reflects off the IOL edge onto the retina and can be experi-
enced after cataract surgery with both monofocal and premium lenses. Glare and
haloes are termed positive dysphotopsia and temporal shadow effects or dark areas
in visual field are negative dysphotopsias.

Negative dysphotopsia can be experienced after in the bag IOL implantation
with suspected causes being IOL design (square edge as opposed to round), cor-
neal incision scars, anterior capsulotomy size and distance of the IOL from the
iris. Positive dysphotopsia is more common in the case of presbyopic lenses and
overall in post cataract patients. This is largely because of the shift in IOL material
to acrylic from lower refractive index PMMA or silicone lenses and a move to
square edged haptics from round edge design, the former concentrating stray light
on to the retina as a positive dysphotopsia [6].

A systematic approach which addresses the six above factors is required when
treating such dysphotopsia patients and in particular those with presbyopic IOLs.
Post operative patients with presbyopic IOLs are advised on a period of neuroad-
aptation to the lens, usually 3 months, especially in cases of dysphotopsia.
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In correcting for premium lens post operative error, a misaligned toric IOL can
be rotated. In presbyopic IOL cases post operative astigmatism should be half a
dioptre or less, any more can be corrected with LRIs. Higher cylindrical astigma-
tism can be corrected with corneal refractive procedures of LASIK or photorefrac-
tive keratectomy (PRK).

For both presbyopic and monofocal IOLs with refractive errors or ‘refractive sur-
prise’ LASIK or piggyback IOLs can be used. IOL exchange should be avoided as it
is traumatic and provides a less predictable refractive outcome. IOL exchange may
prove necessary for those who cannot tolerate multifocal IOLs after several months
or a year of adaptation. Some surgeons advocate earlier exchange for fear of capsular
phimosis and shrink wrapping making for difficult explanation of the original lens.

Treatment in such cases is expedited as soon as it is safe for the patient.
Commonly LRIs can be performed as soon as 6 weeks following surgery. Patients
who require LASIK or PRK can also be treated as soon as six weeks following
presbyopic IOL surgery, however in most cases it is advisable to wait at least
3 months for stable refraction before considering corneal refractive procedures.
Also it is important to consider any concern as a possible psychological issue and
that the lens is not the right choice for the patient’s eye [7].

Most importantly patients who are unhappy after cataract surgery should never
feel abandoned and advised that a solution will be sought. In the case of presby-
opic IOL intolerance, patients should be told that in a worst case scenario an IOL
exchange for a monofocal IOL is almost always an alternative.

In conclusion, there are options which need consideration to improve visual out-
comes in patients with monofocal and presbyopic IOLs. It is important to investigate
and treat organic problems first before assuming that neuroadaption will improve the
issue, and so ultimately make an unhappy patient a happy post operative patient.
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Introduction

There are certain things about current human behaviour that we can say with abso-
lute certainty will not be continued into the future. Fossil fuel powered motor cars
are not a long-term part of the future for humanity; neither are the current cata-
ract surgical practices found in high-income settings such as in Europe and North
America. We are not, as yet, facing up to this reality, but will be required to do so
imminently.

Cataract surgery is one of the most frequently performed surgical procedure
globally each year, and with more than one in three of the 36 million blind peo-
ple on earth being blind due to cataract (2015 estimate), there is a requirement
for the current surgical activity to increase markedly [1]. Planning for the progres-
sively greater burden of health care on global resources is now centring around the
necessity for services to be sustainable in perpetuity, in keeping with the direc-
tion of the United Nations who set Sustainable Development Goals (SDG) as the
over-arching international strategic agenda.

This chapter aims to set out the case for change, and detail practical and
evidence-based interventions to promote the development of sustainable cataract
services.
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The Triple Bottom Line

Estimation of the “costs” of providing cataract services cannot be thought of
merely in terms of the direct financial costs. A key concept in the health econom-
ics of sustainability is the Triple Bottom Line (TBL) (Fig. 1).

The use of the TBL in service delivery planning recognises that there is a finite
financial resource allocated to health care, but there is also a finite social and
human resource, and a finite environmental resource. If we constantly run services
that draw too heavily on any one of these three components of the TBL, we will
at some point, collectively run out of credit and face the negative consequences of
failing to live within our means.

The environmental impact can be quantified using a technique called Life
Cycle Analysis or Life Cycle Assessment (LCA), with standards set out in ISO
14040. LCA quantifies the resources used and emissions generated across the life
cycle of a product or process—including raw material extraction, product and
component manufacturing, use phase, reuse phases (if they exist), end of life or
disposal, and all transportation steps in between. Environmental impact is most
frequently equated with Greenhouse Gas emissions (GHGs) that cause global
warming or climate change. In LCA, these emissions are represented in units of
carbon dioxide equivalents (CO,e). However, LCA can be used to estimate many
types of environmental emissions, including air pollutants, smog forming emis-
sions, water emissions causing eutrophication or acidification, toxic emissions,
and even land use changes.

LCA evaluation of healthcare services as a whole shows them to be a major
consumer of resources, emitting 10% of GHGs in the US, 7% in Australia, and
5% in the UK and Canada, with a substantial portion of emissions originating

Fig. 1 The triple bottom line
for sustainable eye health
care
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in operating rooms [2—6]. A report released in 2019 estimates global healthcare
emissions (excluding those of African countries) result in 4.4% of the world’s total
GHGs [7]. If global healthcare were a country, it would be the 5th largest carbon
emitter in the world.

TBL: Social Costs—a financially and environmentally sus-
tainable service might be configured, but if it were dependant
on working hospital staff intensively whilst paying little
attention to engagement and morale of the team members, or
on child labour in a low-income country producing surgical
instruments, this would not represent a sustainable solution.

What We Do Know? The Case for Change

Patients’ Safety and Population Health

The negative impact of climate change on health worldwide has been estimated in
terms of the disability adjusted life years (DALY) caused [8]. In the same way as
a health care intervention can be shown to add quality adjusted life years (QALY),
interventions that reduce the per case CO,e emissions of cataract surgery can
reduce the number of DALY caused by environmental impact. There is, therefore,
a patient safety issue around running unsustainable cataract services.

Climate changing emissions are not the only concerning triple bottom line
issue, modern supply chains lead to ethical and environmental issues in the com-
munities involved in the supply chains. The UK’s National Health Service (NHS)
discovered child labour was involved in the manufacturing of surgical instruments
at sites in Pakistan. In the suburbs of Chicago, USA, a factory that sterilises sin-
gle-use supplies for surgical procedures closed after the community discovered
that the Ethylene Oxide (EtO) used in sterilization was likely causing higher rates
of cancer in residents living near the factory site. This factory was within their
legal limits for EtO emissions, yet community pressure forced this particular site to
close [9, 10]. Though it may seem a success for this community, EtO is still used
as the primary sterilizer for all single-use sterile surgical supplies. Which commu-
nities still bear the burdens of producing these important, sterile medical supplies?
At the other end of the product life cycle, electronic wastes, some of which are
related to medical instrumentation, have also been found to increase cancer rates in
communities where e-waste is being disassembled and discarded [11].

In addition to these population-level issues, healthcare providers are becom-
ing more concerned with our patients’ exposures during treatment. Organisations
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such as Healthcare Without Harm are advocating for the removal of certain toxic
ingredients from medical products, building construction and furnishings. These
include formaldehyde and other fire repellents commonly found in furnishings;
Volatile Organic Compounds often found in carpeting, paint and other finishes;
mercury, which can still be found in thermometers; and PVC and other phtha-
late-containing plastics which can leach hormone-mimicking compounds into
patient bloodstreams. These are particularly concerning for our smallest patients in
neonatal intensive care units.

Inter-generational and Inter-national Justice

Equity issues can be seen across the medical supply chain. Pakistan manufactures
most of the US and UK’s stainless-steel surgical instruments, and South East Asia
is a major site for single-use surgical supply manufacturing. Many of these work-
ers cannot access affordable, quality care for themselves and their families. The
US and other developed countries are sending expired or unused supplies abroad
as it is against US regulation to use it in US hospitals. While this may temporarily
benefit poorer hospitals in need of supplies, it is ethically ambiguous. Such prac-
tices have also led to the dumping of broken or old medical equipment in locations
not able to fix or maintain the equipment.

On the issue of climate change, the largest contributors to greenhouse gas emis-
sions are high income countries. In contrast, by virtue of geographical distribution
and organisational reserves to cope, the worst affected by climate change are low- and
middle-income countries. This creates an inter-national injustice. The same dynamic
can be described between generations, where the current decision makers and ben-
eficiaries in high income settings are perpetuating unsustainable healthcare delivery
practices, the negative consequences of which will be borne by those currently too
young to have any influence over the choices being made, or benefit from them.

Opportunities for Change

Recent research has begun to assess the footprint of cataract care. One study in
the UK analysed the carbon footprint of phacoemulsification [12]. Morris, et al.
included building energy use; staff and patient travel; procurement of pharmaceu-
ticals, disposable medical supplies, paper and food; Information Technology sup-
port, waste disposal, and water consumption. The largest portion of GHGs (54%
or 98 kg CO,e) came from the procurement of supplies, which are largely single
use and disposable. The next biggest source of emissions (36% or 66 kg CO,e)
was in energy use for the theatre. This included the heating, ventilation, and air
conditioning; lighting; and plug loads from equipment (electricity draw from the
machines themselves).
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However, phacoemulsification can be performed differently based on surgeon,
surgical facility, and even country. Recent research shows a dramatic difference
in the environmental footprint and financial costs of individual cataract surgery in
different locations. This variation in the environmental costs is unrelated to out-
comes, suggesting opportunities for improvement are possible without sacrificing
quality of care.

Case Study of Aravind Eye Care System

Though there are many successful, high volume cataract surgical facilities, one in
particular has been well studied in terms of its environmental footprint. Aravind
Eye Care System in Southern India was founded in 1976. It has grown into 7
Tertiary hospitals and a network of secondary care hospitals and primary eye clin-
ics; a system that provides over 450,000 surgical procedures per year. Aravind’s
mission is to end needless blindness in the local population. To achieve this,
Aravind has built their operating theatres around efficiency (Fig. 2).

Using a technique called task shifting, surgeons only perform cut-to-close
duties while in the operating theatre. Appropriately trained mid-level ophthalmic

Fig. 2 A typical operating theatre at Aravind Eye Care System in Southern India. Here, two sur-
geons operate on four beds. Aravind’s efficiency methods may look radically different from west-
ern approaches, but Aravind is able to achieve excellent quality outcomes while performing sur-
geries at 1/10th the cost and 1/20th the carbon emissions when compared to the USA and the UK
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Fig. 3 Left, Waste from 1 phacoemulsification in the USA. Right, Waste from 93 phacoemulsifi-
cations performed during one day at Aravind Eye Care System’s Pondicherry Hospital

professionals (MLOPs) prepare patients, apply the eye shield post operatively, and
escort patients in and out of theatre. To maximise the use of the surgeon’s time,
there are two beds per surgeon. One bed is being operated on, while the other is
being prepped. A surgeon can then go back and forth between the patients on each
bed until the end of the surgical list, performing as many as 10 cataract opera-
tions an hour. Each bed is assigned a MLOP as a scrub nurse who is responsible
for ensuring properly sterilized, reusable instruments and supplies are ready for
the next case. Reusable instruments are removed from each bed following surgery
and sterilized via ‘sequential same day sterilization’ technique in an autoclave.
Essentially, instruments are run through the full sterilization cycle but are not
allowed to dry in the autoclave. Because these instruments will be used immedi-
ately back in theatre, there are no risks to the patient, and this enables Aravind
to maintain fewer instrument trays for their fast surgeons. Aravind’s surgical team
uses reusable gowns, masks, and caps which are laundered at the end of the surgi-
cal list. They do not rescrub between cases, instead using a sterilizing gel on their
hands as they switch between patients.

Financially, Aravind is a profitable hospital where 2/3 of surgical procedures
are delivered for free or reduced cost and 1/3 are delivered at a market rate of
about US$250 per phacoemulsification operation. This is less than a tenth the cost
of a phacoemulsification in the US, which reduces the financial barriers and pro-
motes equity of access to surgery [13, 14]. As for outcome quality indicators such
as posterior capsule rupture and endophthalmitis, Aravind achieves comparable
outcomes to the US and UK, if not slightly better, most easily explained by the
fact that higher-volume surgeons report lower complication rates [15, 16].
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A study of their per-phaco carbon footprint revealed that Aravind generates
5% of the GHGs as the same procedure conducted in the UK [17]. A UK phaco
is equivalent to driving a car 500 km, whereas a phaco provided by Aravind Eye
Care systems in India is equivalent to driving the same car 23 km [15]. Aravind
achieves this in a variety of ways, including the process streamlining and task
shifting mentioned above, as well as standardisation of process and instrumenta-
tion, maximizing the reuse of supplies, and minimizing waste (Fig. 3).

The Need for Context Specific Benchmarking

The detailed examples of CO,e costs for individual pathways that have been cre-
ated, provide us with international comparators and potential benchmarks [12].
However, the impact of regulatory and cultural context and the dominant surgical
technique employed [18] make it difficult for those in high-income, low-sustaina-
bility settings to make the transition to more sustainable practices.

For example, regardless of how sustainable and demonstrably safe the prac-
tice of re-using surgical gowns and gloves (with inter-operative disinfection of the
gloves by, for example, washing in 100% alcohol) for multiple cases on a cataract
list is—the regulatory frameworks in most high-income settings would prevent
adoption of this practice. Even the practice of autoclaving unwrapped instrument
sets between cases in theatre, which was historically common practice in high-in-
come settings and has not been shown to be associated with any increased risk of
patient harm compared to more energy intensive sterilisation options, is frequently
prohibited in cataract surgical services [19]. Changing to a more evidence-based
approach to surgical safety is clearly necessary, but national regulatory change is
difficult for individual organisations to achieve.

Local audit cycles, taking the benchmark of an institution’s own per case CO,e
consumption would permit every institution to improve from where they cur-
rently stand. Although such audits are not as yet routine practice, a tool called
Eyefficiency (Fig. 4) has been developed to permit audit of environmental impact
of cataract surgery by individual surgical units. The tool collects data at two lev-
els: unit level data which includes information about staffing, clinical pathways,
instrument use, waste handling, travel of patients and staff; and operating-list level
data which captures time-and-motion data to establish theatre practice, productiv-
ity, and efficiency. The two data sources can be combined to allow analysis of a
unit’s efficiency, costs, and carbon footprint. To promote improvement in sustaina-
bility, a unit can compare itself with others either nationally or globally. This com-
parison is seen as an important driver for local practice change and identification
of wasteful processes. The division into list and unit level data also illustrates the
need for cooperation between clinical staff and hospital management who have
different and complementary means by which they can influence practice.
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Fig. 4 The Eyefficiency
apps allow time-and-motion
studies to be performed

on cataract operating

lists. The data collected

is enriched with casemix,
staffing, operational,

and practical questions

that contribute towards

a detailed sustainability
assessment (performed on the
Eyefficiency.org website)
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Common Approaches for More Sustainable Cataract Care

Despite regional variation in custom and regulation, there are a few common
approaches any surgical facility can take to begin tackling sustainability in cataract
care. One standard framework is, in this order: (1) rethink, (2) reduce, (3) reuse,
and (4) recycle. Rethinking the process is an important first step in minimising
emissions. Rethinking requires not just the surgeon’s best effort, but everyone
needed to provide quality cataract surgery—the clinical team (nurses, anaesthe-
tists, surgeons, trainees, assistants), administration, housekeeping and building
services, engineering and maintenance teams, procurement officers, and even
the patient. All are required to effectively provide care currently, and all will be
needed to redesign care in a fully sustainable way.

A Culture of Sustainability

Communication of sustainability and sustainability-driven care goals is a good
first step towards TBL cataract surgery. This increases engagement of all stake-
holders and raises awareness of environmental, equity, and cost issues. Auditing
tools such as Eyefficiency can help boost engagement on this topic and also
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establish baseline data with which to track improvements. A process of cyclical
auditing, by which practice is re-assessed and re-benchmarked at defined intervals,
would help to keep sustainability prominent in the thoughts of practitioners. Other
local services, through teaching sessions or simply due to proximity via shared
staff and clinical space, are then more likely to become aware of sustainability
issues and potential solutions they may also adopt. Owing to the relatively high
staff turnover of many units, particularly driven by regular changeover of trainee
surgeons, regional spread of better practice can be encouraged. Focusing on sus-
tainable cataract services is also likely to impact other clinical areas, and this is
already seen to be happening with glaucoma services also starting to ask whether
they can reduce their environmental footprint [20].

Process Improvements

The provision of cataract care is highly variable. Unnecessary care, exemplified
by excessive pre- and post-operative investigation and review, is common and has
been shown not to increase patients safety [21]. These tests create emissions from
staff and patient travel, overhead energy use, and clinical supplies used. Pre- and
post-operative review is a particular area of unjustified variation [22]. Eliminating
unnecessary steps in the care pathway can eliminate these emissions. Many units
persist with a practice of multiple post-operative reviews (e.g. 1-day, 1-week, and
1-month follow-up) for a standard cataract operation, driven by a combination
of unchallenged traditional beliefs and incentives for encounter-based compen-
sation. By whole-pathway redesigns, many hospitals have dramatically reduced
peri-operative hospital visits, [23] although no UK eye department was found to
be offering true “one-stop cataract lists” in a 2016 UK survey of cataract services
(https://www.rcophth.ac.uk/wp-content/uploads/2018/10/RCOphth-Way-Forward-
Cataract.pdf). Devolution of post-operative follow-up to community services, for
example local optometry practices, has also become common practice. With the
correct governance in place, this allows safe care while drastically reducing the
number of patients who need to travel longer distances into hospital (in one case,
only 2.95% of patients who underwent uncomplicated surgery required review in
hospital) [24].

Procurement Reduction

Reduction in consumption is of greatest benefit. Procurement of consumables is
the largest part of the CO,e generation from surgery. Rationalisation of surgical
packs may permit reduced consumption by identifying unnecessary items. Some
reduction will require a change of surgical technique for some surgeons, such
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as arm covers for theatre chairs if those surgeons who use these are prepared to
progress to operating without. Similarly, surgeons may agree to align their prac-
tice such that either the cystotome or the capsulorrhexis forceps can be dispensed
with—as either item can be used to do capsulorrhexis on its own. Items such as
these could be removed from routine packs—but be available single wrapped
in case needed in exceptional circumstances. The same would be true for spear
swabs, eye shields, and a separate blade for paracentesis (where a keratome can
equally be used for both main incision and paracentesis) or changing the taps
in your scrub room to reduce energy and water use [25]. Even small incremen-
tal changes, evolution not revolution, are worthwhile because of the scale of cat-
aract surgical needs with a total of around 500,000 operations annually in the
UK alone.

Reduce Needless Waste

A 2019 study illuminated the quantity of physical waste generated from unused
pharmaceutical in cataract surgery (via phaco) in 4 centres in the USA. Up to 99%
of eye drops by volume were unused and wasted between cases [26]. In 2 of the
4 sites, the cost of these unused drugs totalled over $190,000 US per month—
enough to cover over 50 cataract operations at each location. Much of this waste
is due to unnecessarily large packaging and restrictive reuse or multi-use poli-
cies. Even though some bottles were labelled multi-dose, they were required to
be thrown out, and likewise, drugs that the patient would need to use after the sur-
gery were thrown out and purchased by the patient in a pharmacy following sur-
gery all because they were not labelled with the patient’s name prior to the patient
entering the operating theatre. Essentially, there is no evidence-based practice for
a large amount of this costly waste [27, 28]. Standardisation between surgeons can
also reduce the waste of unused, pre-packaged supplies, while increasing buying
power.

Defensive medical practices need to be addressed. Because medico-legal sys-
tems internationally frequently compare the practice of the clinician being investi-
gated to the majority practice typified by the behaviour of a “reasonable person”,
adherence to national or local practices provide some level of protection to indi-
vidual clinicians. If national level recommendations can migrate to more evi-
dence-based approaches, this then mitigates the need for wasteful defensive
practices. For example, where an anaesthetic injection is felt to be unavoidable—
the anaesthetic may come in a 10- or 20-ml vial, but only 3—4 ml of that may be
used in the block. Retaining the residual anaesthetic for use on subsequent patients
has not been demonstrated to represent any risk, yet anecdotally, new vials are
often utilised for each patient. The environmental and financial costs of such prac-
tices put patients at quantifiable risks, however these risks are frequently not con-
sidered [27, 28].
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As the CO,e costs are “per case” estimates—perhaps the biggest opportunity for
immediate improved CO, efficiency is in more cases per list. This would reduce
the overhead energy burdens per case but may not affect supply use for each case
unless the procurement issues are tackled first. The UK healthcare regulatory body
Monitor recommends that every hospital should be able to turn around one cata-
ract case per half hour, whereas the national mode is 6 cases per 4 hour list [22].
Moving from 6 cases per list to 8 will reduce the financial costs per case but also
the carbon costs as there is a substantial element of fixed carbon costs which are
incurred exactly the same regardless of productivity—such as building related
heating/lighting costs.

Recycling, the Last Resort but a Big Engager

Recycling operating theatre wastes can be difficult due to concerns about contam-
ination as well as the specialised plastics that are sometimes found in hospitals
(for example “blue wrap”). With changes to countries’ recycling import policies,
waste from developed countries may not even be recycled, leading to increased
emissions from transporting garbage across the world before ultimately landfill-
ing or incinerating it. Recycling is the least effective tool to reduce emissions like
GHGs; however, because waste is such a visible component of our GHG footprint,
it can be a wonderful engagement tool to bring various stakeholders on board to
sustainability.

What Don’t We Know?

Variation in Care

Sitting in the operating theatre of different surgeons, you will have noticed that
each seems to have a specific way of doing things. This variation in practice at
the individual level influences the carbon footprint of care. There is also variation
between facilities. Based on location, staff and patients may have to travel further,
may travel by train or bus, or may have to drive. Different buildings will be more
energy efficient, and procurement teams may enable greater specialisation for indi-
vidual surgeons—thus reducing standardisation and increasing potential waste
of supplies. Without knowing how much variation exists in care pathways, we
don’t know where the main opportunities lie. That is, we do not know how much
cost and carbon savings could be generated by attacking the various components
of the pathway, from number of staff, increasing patient throughput, decreasing
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packaging, reducing the number of pre or post-surgical visits, etc. Phrased as a
research question, “What are the major opportunities for CO, equivalent reduction
in HIC that can be realised without compromising actual safety?”

Acceptability of Significant Changes to Care Models

In the UK, independent treatment centres that focus on a single procedure already
pursue aggressive cost-saving strategies in order to support high volume operating
lists in non-hospital premises. In other countries, cataract surgery is the preserve
of high-volume specialist cataract surgeons. It is quite possible that these models
could offer significant sustainability benefits. Provision of the majority of cataract
surgery by a small number of high-volume surgeons in non-hospital locations,
however, would encounter significant resistance from ophthalmologists in the UK
where most ophthalmologists are cataract surgeons even if sustainability benefits
could be clearly demonstrated. High volume centres are also often criticised on
other fronts, most notably a lack of effort in training the next generation of sur-
geons which could threaten the sustainable availability of surgical expertise.

Regulatory Barriers and Infection Control

Clearly infection control is a top priority when addressing sustainability in care
pathways. It would be far less sustainable all around to have to fix a complicated
surgery than to do it correctly the first time. That said, many infection control
guidelines and practices have questionable effect on actual infection control but
do seem to drive up the cost and emissions of care. [Examples: gloves for vac-
cination delivery, what kind of cap to use in the OT, sterilizing instrument trays
for same day use, etc.] Regulations are shown to be major barriers to address-
ing unused pharmaceutical waste in the US, but what other regulations need to
be shifted to encourage more sustainable practice without compromising quality
outcomes [19]? What will need to be done to ensure safety if cataract surgery in
high-income countries shifted away from single-use plastics and toward all reusa-
ble products [29]?

Summary

The case for the need for change in the way we deliver cataract services to make
them sustainable seems compelling, and some opportunities for change are within
the grasp of every ophthalmologist or eye department. However, taking these
opportunities will require hard work for individuals and organisations. Not least



Carbon and Cataracts: How to Make Your Service Sustainable 239

the effort required to bring on board colleagues who prefer the status quo, or those
charged with local and national health and safety regulations who feel a strong
necessity to enforce practices that increase perceived safety. As environmental
degradation is increasingly accepted as one of the most pressing threats to health
in the 21st century, then changes to practice should become more easily accepted
that act to combat that threat and provide a safer future for everyone.
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Afterword

Modern cataract surgery can be a life-changing procedure (usually for the better).
There are so many nuances and skills needed to determine a good outcome, that
knowledge alone is insufficient to ensure success. Professor Liu’s book not only
provides up to date and thorough knowledge and information but also looks
at strategies to improve practical skills as well as patient related factors such as
their experience and critically, their safety. It also covers important topics such
as modern teaching and training—so important to ensure that the ever-increasing
skills required of modern surgeons are transferrable to the next generation. One
such member of this up and coming generation of eye surgeons is Ahmed Shalaby
Bardan who is Professor Liu’s immediate past Fellow and co-editor and who has
also done a brilliant job of ensuring that this new book is up to the standard which
we all hope to attain.

Christopher’s extensive experience, coupled with his wise choice of authors,
has resulted in a detailed, thorough and complete collection of expertise relating to
the world’s commonest operation and provides trainees and established surgeons
alike with a must-have reference.
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