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Abstract

Objective: To describe a method for performing cataract surgeries and posterior chamber phakic lens 
procedures without viscoelastics.

Background: Viscoelastics are used to obtain higher safety during intraocular maneuvers. It must be 
injected and then extracted. If not, ocular hypertension and toxic anterior segment syndrome can take 
place. However, it is possible to safely perform cataract surgeries and phakic lens procedures without 
viscoelastics, as the author and others have proved.

Technique: For cataract surgery, two clear corneal 20-gauge (G) incisions were performed with V-lance, 
near the limbus (one at the 2 o’clock mark, the other at the 10 o’clock mark). The irrigation/aspiration (I/A) 
bimanual handpiece 21G cannula was introduced (it has 2 lateral vents). The micro-capsulorhexis forceps 
of 23G was introduced through the second incision. The irrigation bottle with a balanced salt solution 
(BSS) was kept high, between 80 and 100 cm, and capsulorhexis was performed, while maintaining a 
continuous balanced salt solution (BSS) circulation. Following that, a hydrodissection with the same I/A 
cannula was performed. Without removing the I/A cannula, the corneal incision was then increased, and 
phacoemulsification, aspiration and mass extraction were performed. The I/A cannula was placed in the 
20G incision, and a foldable single piece intraocular lens was injected through the main incision.

For posterior chamber phakic lens procedures, a first corneal incision at 45 degrees was performed with 
the 20G V-lance. The anterior chamber (AC) was maintained with a 21G I/A cannula, working in infusion/
irrigation mode. A second corneal 2.8-mm incision, at 130 degrees, was performed. Meanwhile, the AC was 
maintained with a fluid circulation of BSS, and the phakic lens was injected. The lens was unfolded softly 
with the aid of the I/A cannula, and the haptics was correctly placed behind the iris, into the sulcus.

Conclusion: Cataract surgeries and phakic lens procedures can be safely and efficiently performed without 
viscoelastics, following a specific surgical method.

Clinical Relevance: To show that cataract surgeries and phakic lens procedures can be performed without 
viscoelastics, with some potential advantages.

Keywords: Intraocular lenses, viscoelastics, phakic, pseudophakic, cataract, surgical technique, 
complications, corneal endothelium, intraocular pressure, refractive surgery.

Phakic Lens and Cataract 
Surgery without
Viscoelastic

Germán R. Bianchi, MD
Clínica de Ojos Dr. Nano
Buenos Aires, Argentina.
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Background

The anterior chamber contains a fluid called 
aqueous humor. The dynamic of its production, 
circulation and evacuation plays a role in creating 
and maintaining the anterior chamber space, 
provides nutrients to the corneal tissue (which 
helps its transparence), (1-4) and is important when 
considering the physiopathology and therapeutics 
of glaucoma. (5-11) In cataract surgery, it is necessary 
to get into the anterior chamber, take the cataract-
lens off, and replace it with an intraocular lens. In 
the case of a phakic refractive procedure, a delicate 
maneuver in the anterior chamber is required, 
which involves introducing the phakic-lens in a 
very small space, either in the anterior or posterior 
chamber. In either case, having an adequate 
space in the anterior chamber will be a key factor 
in order to safely perform these surgical steps, 
decreasing postoperative complications. If the 
anterior chamber space is diminished, the corneal 
endothelial tissue can be highly affected. (12-15)

Viscoelastics are used to protect endothelial cells 
and facilitate surgical maneuvers performed during 
cataract surgeries. (15-20) However, some publications 
started linking viscoelastics with potential surgical 
complications, such as ocular hypertension and 
toxic anterior segment syndrome. (21-29) This last 
complication can be a cause for concern, given that 
its initial clinical manifestation can sometimes be 
similar to an endophthalmitis. At the same time, 
it is necessary to consider that viscoelastics have 
to be injected, and then totally extracted, adding 
two surgical steps, which increases surgical time 
and generates two junctures where complications 
can occur.  For example, the endothelial cells can 
be damaged when the viscoelastic is removed, as 
some authors have noted. (21, 26) In turn, viscoelastics 
adds an extra cost to the procedure; however, it 
is clear that if something is essential in order to 
correctly perform a surgery, the costs, and even 
the duration, are relative, in order to prioritize the 
safety and efficacy of the procedure itself.

Are viscoelastics always necessary for cataract 
surgeries and phakic lens procedures? Is it 
possible to perform surgical procedures in 
a safe and efficient manner without using 
viscoelastics?

Several authors have researched this topic and 
have published studies trying to avoid the use of 
viscoelastics in cataract surgery, (30-33) replacing 
them with irrigation liquid, usually balanced salt 
solution (BSS). Likewise, the author of this article 
has developed a surgical technique —called Bianchi 
method— where the complete phacoemulsification 
cataract surgery can be performed with BSS 
continuous irrigation, completely avoiding 
viscoelastics, a procedure that will later be 
described. (34-35)

Is this surgical technique safe
and efficient enough?

This aspect will be developed in the discussion of 
this work. However, it should be pointed out that 
there already are studies that have shown the 
safety and efficacy of this technique, when it is 
done correctly, which includes selecting the right 
cases for cataract surgery. (36, 37) Following this, the 
possibility of performing a hydro-implantation of 
posterior chamber phakic lenses with refractive 
purposes was evaluated; it started in 2015 with an 
implantable collamer lens (ICL, STAAR Surgical Inc), 
and after that with lenses called IPCL (Care Group, 
India). The author of this article published some of 
the first key studies of these lenses, with the model 
V2.0, (38) and also with the diffractive model for 
presbyopia correction. (39) Even though the author 
has experience implanting ICL as IPCL lenses 
without viscoelastics, this article will describe the 
surgical technique used for IPCL lenses, because 
the phakic lens is the one he currently used the 
most.

Because of the previously mentioned, the purpose 
of this article is to describe and analyze the 
surgical technique of performing cataract surgery, 
and posterior chamber phakic lens, without 
viscoelastics.
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 Technique Description

The first step will be the description of aspects 
related to the inclusion/exclusion criteria. Following 
that, a detail of the surgical steps required for 
implanting pseudophakic lens (cataract surgery) 
and posterior chamber phakic lens, with some 
recommendations and tips.

A.  Cataract Surgery Without Viscoelastics

Inclusion / Exclusion Criteria
Avoid patients with cataracts classified as NO5–NC5 
or worse; patients with posttraumatic cataracts; 
patients with a preoperative endothelial cell density 
(ECD) below 2000 cells/mm2; patients with corneal 
pathology (herpes, corneal scar, and previous 
corneal refractive surgery); and patients with 
pseudoexfoliation, pupil synechiae or small pupil, 
uveitis, and/or previous vitreoretinal surgeries, 
and/or previous glaucoma surgery. Furthermore, 
patients with an IOP higher than 21 mmHg were 
excluded, and another more appropriate surgical 
technique was recommended. Likewise, patients 
who have a programmed surgeries to implant a 
three-piece intraocular lens must be excluded. 
Also, patients under pharmacological treatment 
with tamsulosin for prostate hyperplasia (due to 
association with floppy iris syndrome). (40) Even if 
this technique can be used for complex cases of 
intumescent cataract, since it has some advantages 
that will be described later, this is recommended 
only for experienced surgeons, given the complex 
and risky nature of these surgeries.

Surgical Technique, Step by Step
1. Under topical anesthesia (0.5% proparacaine 

hydrochloride), two clear 20 Gauge (G) corneal 
incisions were performed with a disposable 
surgical knife (V-lance) near the limbus. The first 
one was at the 2 o’clock mark, and the second 
was at the 10 o’clock mark.

2. Immediately after the first incision, the 
irrigation/aspiration (I/A) bimanual handpiece 
21G cannula was introduced; the second 
incision was then performed, and the micro-
capsulorhexis forceps of 23G was introduced.

3. The irrigation bottle with a balanced salt 
solution (BSS) was elevated between 80 and 
100 cm above the patient’s head, maintaining 
the continuous irrigation mode. The irrigation 
cannula has two lateral vents, which allow the 
BSS to leave and move in a centripetal way into 
the anterior chamber.

4. Capsulorhexis was performed while the BSS was 
still under continuous circulation, in a hermetic 
anterior chamber with positive pressure, which 
facilitates the capsulorhexis creation. (Figure 1)

5. After that, hydrodissection was performed with 
the same I/A cannula. In order to do this, the I/A 
cannula was placed under the capsulorhexis, 
which leads the liquid to spread around the 
nucleus.

6. Without removing the I/A cannula, the 
main corneal incision was increased to 2.8 
mm, which is the usual size used for the 
phacoemulsification, aspiration and mass 
extraction (this is according to the phaco tip 
used.)

7. Phacoemulsification, aspiration, and mass 
extractions were performed. In this study, 
an Infinity® equipment (Alcon) was used, 
with an “ozil burst” mode, and the following 
parameters: 60 ultrasound limit; 70 on ms 
of burst; 300 of vacuum; and 30 aspiration 
rate. Vertical or horizontal “phacochop” was 
performed according to the cataract hardness.

Figure 1. Capsulorhexis performed without viscoelastic.  
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8. After that, and always maintaining a steady 
irrigation, the intraocular lens is injected into 
the capsular bag. Only foldable single piece 
intraocular lenses were used, implanted by an 
injector like syringe without rosc.

9. Finally, the edges of the incisions were 
edematized in order to obtain hermetic wounds, 
and an intracameral antibiotic (cefuroxime) 
was injected. 

Recommendations and Tips
• Perform the 20G incisions, and after that use 

cannulas and capsulorhexis of 21 and 23G, in 
order to avoid leakage through the corneal 
incision and insure hermiticity. The use of 
surgical supplies of 20G (the same size as the 
incisions) can make intrasurgical maneuvers 
more difficult.

• It is routinely recommended to evaluate the 
cornea (endothelium and corneal thickness), 
before and after surgery, at least during the first 
six months.

• Surgical time is important, because it can 
potentially affect corneal health and intraocular 
inflammation. Therefore, evaluate and measure 
the ultrasound energy used.    

• Remember: it is important to constantly 
maintain the height of the BSS bottle, between 
80 and 100 cm above the patient’s head.  

• In cases of intumescent cataracts, performing 
the capsulorhexis of the phacoemulsification 
without viscoelastics can avoid the appearance 
of a complication known as “Argentinian flag 
sign”. 

• Total surgical time for this type of procedure is 
5 to 7 minutes.

Additional Material: 
Videos where you can observe in detail each step of 
the surgery.

Complete Surgery
https://www.youtube.com/
watch?v=2ZB69odPNOM&t=58s

Double Surgery (Twins)
https://www.youtube.com/
watch?v=UrC5GpbNcVc&t=113s

Capsulorhexis in Intumescent White Cataract
https://www.youtube.com/watch?v=p7Fy80aRIhA 

B.  Implantation of Posterior Chamber Phakic 
Lens IPCL Without Viscoelastics

Inclusion / Exclusion Criteria
The inclusion/exclusion criteria is identical to cases 
in which the implantation of posterior chamber 
phakic lens is to be done with the introduction and 
then the extraction of viscoelastic principles. One 
main concern: the author of this article does not 
use this type of surgical procedure for hyperopic 
correction. This procedure and lens is used for the 
correction of myopia and astigmatism, with the 
option of presbyopia correction for patients older 
than 40 years old, with the diffractive model. Also, 
this model is selected for emmetropic patients who 
want to correct their presbyopia.

Surgical Technique, Step by Step
1. A first corneal incision (located at 45 degrees) 

was performed with the 20 Gauge V-lance. 
Following that, a 21G irrigation cannula from the 
bi-manual Irrigation/Aspiration (I/A) cannula 
was placed in the anterior chamber, in order 
to be able to work in the infusion/irrigation 
mode. A second corneal 2.8-mm incision was 
performed (at 130 degrees), without removing 
irrigation, in order to maintain the anterior 
chamber.

2. Meanwhile, the AC was maintained with a fluid 
circulation of BSS, and the phakic lens was 
injected into the anterior chamber.   

3. After that, the lens is placed in the posterior 
chamber, at the front of the crystalline lens and 
behind the iris, with the aid of the irrigation 
cannula, leaving their haptics correctly placed 
in the sulcus, from 3 o’clock to 9 o’clock. 
(Figure 2)

4. Finally, an intracameral antibiotic (cefuroxime) 
was injected, and the operation concluded.
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Recommendations and Tips
• The BSS bottle must be elevated between 70 

and 100 centimeters (cm) at all times. The AC 
must always maintain a positive pressure, and 
continuous BSS irrigation is required. 

• The IPCL must be previously charged within its 
delivery device without viscoelastics. The lens is 
pushed to the distal part of the device, leaving 
it ready to be injected into the eye, in the right 
position, always avoiding the rotation of the 
lens.  

• A Toric lens is always placed between 0 and 
180 degrees. Rotation is not needed, given that 
astigmatism for each case comes previously 

applied in each lens. Prior to surgery, the 
surgeon must be aware to mark the 0 to a 
180-degree axis. 

• Surgical time is usually 2 to 3 minutes, although 
it can be performed in less than a minute.

Additional Material: 
Videos where you can observe in detail each step of 
the surgery.

High Myopia in 47 sec.
https://www.youtube.com/watch?v=n1QgS1-DqJg
Toric
https://www.youtube.com/watch?v=xgy7gCPqI_k

Figure 2.  Implantation of Posterior Chamber Phakic Lens IPCL Without Viscoelastics:
images 1 to 7 show all the surgery.  
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Emmetropic
https://www.youtube.com/watch?v=7oHlEX8n0rg

Discussion

This article describes the fact that there is a choice 
for implanting intraocular lens, while maintaining 
the anterior chamber under continuous BSS 
irrigation, without using viscoelastics in any of 
the surgical steps, for pseudophakic as well as for 
posterior chamber lens phakic procedures. Aspects 
related to safety, limitations and advantages will 
be discussed in two coming sections. Firstly, (A) 
this technique will be analyzed in the context of 
cataract surgery. Then (B), the discussion will be 
about hydro-implantation of posterior chamber 
phakic lenses.

A. Viscoelastics and Cataract Surgery

In 1972, Balazs et al. stated that hyaluronic acid 
could be used as a vitreous and humor aqueous 
replacement. (41) In 1977, an animal experiment 
showed that sodium hyaluronate placed in 
the anterior chamber prior to pseudophakic 
implantation decreased postoperative corneal 
edema. (42) After that, a product of sodium 
hyaluronate (Healon®) was commercially 
developed, and later proved its safety and efficiency 
in human anterior segment surgeries. (43) Since then, 
more viscoelastics (VSs) with different properties 
were developed, and they became relevant surgical 
supplies that facilitated procedures in the anterior 
chamber, protecting the corneal endothelium. (44)

Likewise, some issues related to problems remo-
ving it from the anterior chamber arose, due to in-
adequate intraocular maneuvers producing endo-
thelial damage, which caused the development of 
an inflammatory reaction called toxic anterior seg-
ment syndrome; in another cases, it produced the 
rise of intraocular pressure. (21-29) Perhaps the most 
relevant information to appear in the 50 years since 
the publication of Balazs et al., is a recent systema-
tic review and meta-analysis which studied articles 

reporting ocular hypertension problems, the use of 
viscoelastics, and endothelial corneal alteration in 
cataract surgery, that had been published between 
1985 and the end of 2018. (45) After reviewing more 
than one thousand works, 36 studies that met their 
inclusion criteria were selected. Among their inte-
resting results, one aspect to be highlighted is that 
different viscoelastics, all from different manufac-
tures, generated an increase in intraocular pres-
sure, with a significant statistical difference when 
compared to preoperative values, measured at 
2, 3 and 4 hours after surgery. Some viscoelastics 
still produced a rise in intraocular pressure at 5, 6, 
9, and 16 hours after surgery, but not all of them. 
Something similar was found by authors 24 hours, 
48 hours, and one week after surgery, but within 
a great heterogeneity of studies, which makes it 
difficult to extract a clear conclusion, either for or 
against some of the commercial products that were 
evaluated. In summary, this article is currently the 
only one with a profound analyzes of this topic, that 
clearly shows that, after surgery, there was a statis-
tically significant increase in intraocular pressure in 
all cases, between 2 to 5 hours, which in most cases 
persisted for up to one week. In turn, in actual cli-
nical practice, it is not frequent to evaluate intrao-
cular pressure before the first 24 hours; because 
of this, there is an unanswered question regarding 
what would be the relevance of this acute rise of in-
traocular pressure, given that it would generally go 
undetected. It will be interesting to evaluate what 
happens in different patient populations, unders-
tanding that it could be of interest for patients with 
glaucoma.

However, the aforementioned does not necessarily 
mean that performing a procedure without 
viscoelastics is better, although the evidence shows 
that viscoelastics, independently of the commercial 
brand, seem to be associated with an acute 
postoperative increase of intraocular pressure. 
The author of this article has been developing and 
using a technique without viscoelastics and has 
performed studies about complications potentially 
associated to this. (36, 37) 
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In a first study, from a total of 1,114 performed 
procedures, 20 eyes with complications were 
detected (1.74%), operated between July, 2015, 
and December, 2017. But most of the cases 
(14) happened in 2015, when this technique for 
the implantation of pseudophakic lenses was 
getting started; 96 eyes were operated within this 
timeframe. In regard to the rest of the cases: 5 
happened in 2016 (from a total of 324 surgeries), 
and one in 2017 (from a total of 724 surgeries). This 
means that the complication rate decreased as the 
technique continued to be developed, and also in 
relation to the surgeon’s learning curve, from 14.5% 
in 2015, to 0.13% annually, in 2017.

The main problems found in 2015 were related to a 
decrease of space in the anterior chamber, due to 
inappropriate corneal incisions, which produced 
BSS filtering due to movement of the surgical 
tools while performing the procedure. From the 
20 cases that registered complications, this took 
place in 9 eyes, and in 2 of them there were small 
sectorial Descemet detachments (2 mm), but no 
other intraoperative problems, which allowed for 
the surgical steps to be followed and the successful 
completion of all the surgeries. However, in 7 of 
the 9 cases, one suture was necessary in order to 
secure the hermeticity of the anterior chamber 
in the immediate postoperative time. To avoid 
this problem, the surgical tools selected were 
reconsidered, finally selecting those described in 
the present article, trying to avoid incisions that 
could be stretched during surgical maneuvers.

Other reported complications were related to the 
capsulorhexis. For example, performing a large 
capsulorhexis (higher than 6.0 mm), having a 
capsular tear-rupture, or developing a small rhexis 
(less than 4.0 mm). These cases were resolved, as 
noted above. For those cases were the rhexis was 
bigger than 6.5 to 7 mm, in 4 of them the procedure 
needed to be halted and the micro-capsulorhexis 
tool removed, in order to introduce a 23G micro-
scissor, cut and resume the capsulorhexis, while 
always maintaining a continuous BSS irrigation in 
the anterior chamber (without adding viscoelastics). 

In another 4 cases, the surgery was turned into 
a conventional procedure with viscoelastic. 
Although, it should be noted that performing 
the capsulorhexis under continuous irrigation 
is something potentially beneficial, because the 
procedure is taking place with positive pressure in 
the anterior chamber; and the anterior face of the 
cataract-lens is flattened, decreasing the risk of the 
rhexis going to the periphery or the posterior side 
(which produces a common complication, in which 
the rhexis goes to the posterior and causes an early 
complication, developing a capsular rupture). It 
is always recommended to do a capsulorhexis of 
6.0 mm (not bigger), ideally between 5.0 and 6.0 
mm. As previously mentioned, in complex cases 
such as the intumescent white cataract (Figure 
3), performing the capsulorhexis under BSS 
continuous irrigation leads to match the anterior 
chamber with the intracapsular pressure, creating 
an immediate pressure compensation, avoiding 
a condition that has been defined by Dr. Daniel 
Perrone as the “Argentinian flag sign”. (46)

Hydrodissection is another surgical moment where 
problems can arise, particularly when someone 
is starting out with this technique. By selecting 
an irrigation cannula (bimanual handpiece I/A 
irrigations cannula) that has two lateral vents, one 
on each side (and not a cannula with a frontal vent), 
the liquid flows out of the sides. This changes the 
way the hydrodissection and hydro-delamination 
are done. In turn, given that a thicker instrument is 
required, it is necessary to be careful when rotating 
the nucleus, and to not push too much; in case 
the rotation is not achieved, the recommendation 
is to proceed with a classical hydrodissection 
with cannula and syringe, because the most 
dangerous complication in this step is to generate 
a zonular tear. In the article published in 2018, 
this complication happened in one case: after the 
nucleus could not be rotated, a partial zonular tear 
was produced by pushing too hard with the hand-
pieces. The problem was solved with a Morcher 
tension capsular-ring, because the zonular tear was 
less than 180 degrees. Not being able to perform 
the hydrodissection with the bimanual I/A cannula, 
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and getting the nucleus to rotate, is not a frequent 
problem, but if it happens, the surgical step must 
be performed with BSS and cannula syringe in 
the classical way, in order to then perform the 
phacoemulsification and the rest of the surgical 
steps without complications. 

Since the author began to develop and implement 
this technique in 2015, he has never had any problems 
related to the surgical steps of phacoemulsification 
and mass extraction. Even when 2 cases of capsular 
ruptures were reported in the work published in 
2018, they were solved by anterior vitrectomy, and 
by later implanting the intraocular lens into the 
sulcus. There were also no complications at the 
moment of placing and centering the intraocular 
lens. To facilitate the passage of the lens through 
the injector, it is important to dampen all the inner 
parts of the cartridge. Otherwise, the lens could 
get stuck inside the cartridge. This happened in 
some of the first cases when this technique began, 
because initially the les was implanted without 
viscoelastics, and later on the complete technique 
was developed; due to this, this complication does 
not currently occur. Likewise, and as a suggestion, 
it is important that the first haptic lens be placed 
in the capsular bag in the first attempt, in order to 
facilitate the placement of the second haptic. If this 

is not possible, push with the irrigation cannula 
over the intraocular lens optics, tilting the lens to 
the bag, towards the “six” hour mark, and the lens 
will be correctly placed without complications. 
Another comment: prior to the lens injection, the 
anterior chamber must be completely formed, and 
the capsular bag expanded. It should be noted that 
this technique is the one used by the author in most 
cases, even for implanting Toric and multifocal 
intraocular lenses, as has been published. (47)

Regarding endothelial safety, Kugu et al. developed 
a comparative study of procedures with and 
without viscoelastics, and could not find differences 
regarding the loss of endothelial cells during 
phacoemulsification, and the protective effect over 
the endothelium of the sodium hyaluronate 1% in 
comparison with the BSS. (48) 

Another article compared cataract surgery 
assisted by femtosecond laser, with and without 
viscoelastics, and also found no statistical 
differences between the decrease of endothelial 
cells in either group. (49) However, it is a known fact 
that after cataract surgery, even when viscoelastics  
are used, there will be a decrease of endothelial cell 
density, which can vary between 3.1% and 18.2% in 
the first year, depending on many factors (such as 

Figure 3. White cataract, the capsule is dyed with trypan blue; it observed
how the capsulorhexis is performed without viscoelastics. 
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age, cataract grade, phacoemulsification time, and 
energy used). (23, 48-50)

To evaluate this aspect with the technique 
described in this article, a research study was 
carried out studying 1,324 eyes operated over a 
3-year period. (37)  A 6.9% decrease of endothelial 
cells was detected in the first semester, which 
then decreased in the second semester (2.5%), 
summarizing a total decrease of 9.4% the first 
year after surgery. Considering that the corneal 
thickness increased 1.1% in the first semester, and 
0.03% during the second semester, this data shows 
that the surgical procedure is safe for corneal 
health, with similar values to the ones obtained 
by other authors who use viscoelastics, as recently 
mentioned. Also, regarding the controversial topic 
of intraocular pressure and the use of different 
viscoelastics, a statistical decrease of intraocular 
pressure in connection to time was observed when 
the surgery was performed without viscoelastics. 
And, although the selected study design of the 
study cannot lead to conclude that there exists 
a real clinical hypotensor benefit, data shows 
that no case showed an increase of intraocular 
pressure when cataract surgery was performed 
without viscoelastics, with the described surgical 
technique.

B. Posterior Chamber Phakic Lens
Surgical Procedure

Postoperative ocular hypertension has been 
extensively studied. In turn, it has improved due to 
new lens designs that facilitates aqueous humor 
circulation through a central port, where iridotomy 
is not required. (51, 52) But if viscoelastic are used, 
they need to be completely removed, because 
the mechanism through which they can cause 
ocular rise is the same for the pseudophakic lens 
implantation, which is the trabeculae obstruction, 
but with the added problem of the lens holes 
obstruction. Most of the time this is temporary, 
but it is another postoperative factor, one that can 
sometimes even affect endothelium and corneal 
transparency. Likewise, it can be more relevant 

in the case of glaucoma patients. Moreover, 
this type of procedures is usually performed on 
young patients with high myopia, where corneal 
refractive procedures are contraindicated, and who 
are also more predisposed to having glaucoma. (53, 

54) Because of this, the rise of intraocular pressure 
in these cases, even if it temporary and self-
contained, can potentially be important due to the 
life expectancy of these patients.

It has been previously noted that viscoelastics 
must be injected and then completely removed, 
due to their association with ocular hypertension 
and toxic anterior segment syndrome. However, 
an interesting aspect to be studied in the future, 
which can be relevant in the context of posterior 
chamber phakic lenses procedures (but would 
not affect cataract surgeries), is connected to the 
following aspect: if some residual viscoelastics 
were to remain between the phakic lens and the 
crystalline, could its degradation through time, 
in contact with the crystalline, have a role in 
premature or accelerated cataract development? 
Laboratory research has shown that a commercial 
product composed of sodium hyaluronate 3.0% 
and sulfate chondroitin 4.0% induces changes in a 
cultured human epithelial crystalline cell. (55) 

The author of this work started doing hydro-
implantation of posterior chamber phakic lens in 
2015, with ICL models. But most of his own casuistic 
with this type of procedures is with the IPCL lens; 
with these lenses, he has never had complications 
related to ocular pressure, endothelial cells or 
central corneal thickness; not even with cataract 
development, as was previously published. (38, 39)

It should be noted that there are only two studies 
using the hydro-implantation method with IPCL 
posterior chamber phakic lens, (38, 39) both of which 
have been published by the author. It is interesting 
to remark that with ICL lens, there are results of 
studies recently published, between 2020 and 2021 
(just 5 works as of January 2022), that show that 
the ICL lens can be implanted without viscoelastics, 
without differences regarding complications, but in 
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a shorter surgical time. (56-60) With IPCL, more studies 
performed by different groups will be required to 
confirm what was observed by the author, and 
what was published by the previously mentioned 
authors with the ICL lens.

Conclusion

Finally, this work describes and offers another 
possibility to choose as a surgical technique in order 
to perform cataract surgery, as well as posterior 
chamber refractive procedures, where viscoelastics 
can be completely avoided, suggesting some 
advantages. However, every ophthalmic physician 
should evaluate when, and in what case, these 
procedures are appropriate, according to their 
own resources and capacity, and depending on the 
characteristics of the eye that will be operated.

Beyond this, the author would like to emphasize 
how important it is to always reevaluate our daily 
medical practice, to analyze our own data and 
casuistic, and to bear in mind that it is always 
possible to innovate and improve, in adherence 
to ethical behavior in research process that are 
methodologically well designed, with the goal of 
generating scientific evidence.

Clinical Relevance

This work posits a few potential and clear 
advantages of performing surgical procedures 
without viscoelastics, for implanting pseudophakic 
as well as phakic lenses: procedures that take less 
time, given the avoidance of having to inject and 
remove viscoelastics; the absence of influence 
over intraocular pressure; and a specific feature 
that has not been objectively studied in this work, 
but is implicitly expressed, which is the matter of 
cost and savings, given the benefits of not using 
viscoelastics.

This work does not seek to eliminate viscoelastics, 
nor deny their usefulness in special cases. The 
author uses viscoelastics as any other resource, in 
accordance to what each surgical situation calls for.
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Abstract

Case report of an elderly patient with intumescent cataract, who underwent phacoemulsification surgery 
with premium intraocular lens placement. 

Keywords:  Cataract, AcrySof® IQ PanOptix, intraocular lens (IOL), femtosecond laser.

Introduction

Cataract is the most common age-related eye condition and the leading cause of preventable blindness. Just 
in the United States, twenty million people over the age of 40 have cataract.

As cataract develops, the eye lens gradually hardens and becomes cloudy, allowing less light to pass through 
and making vision more difficult. Although most cases appear as part of the natural aging process, there are 
several factors that can accelerate its development: radiation exposure, taking steroids, diabetes, and eye 
trauma, among others. (1)

There are several types of cataracts. They are usually classified according to their anatomical location 
or etiology. In all cases, however, the definitive solution prescribed in the current state of the art in  
ophthalmology always seems to be the same: phacoemulsification surgery with placement of intraocular 
lenses (IOLs).

Premium Intraocular Lens: AcrySof® IQ PanOptix

AcrySof® IQ PanOptix intraocular lenses for presbyopia correction Model TFNT00 are trifocal, foldable, blue 
light and ultraviolet filtering IOLs. They have a monoblock design with a central optic and two L-shaped 
haptics. (Figure 1)
 
The optic is made of a hydrophobic acrylic material with a high refractive index that has a chromophore, 
patented by Alcon, capable of filtering light in a way similar to the human crystalline lens, in the blue light 
wavelength range 400-475 nm. In addition, the optic is biconvex and is made of a soft acrylic material capable 
of being folded prior to insertion, allowing it to be placed through an incision smaller than the diameter of 
the lens optic. 

Is There a Limit 
to Trifocal IOLs 
Placement?
Case Study and 
Clinical Notes.
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After surgical insertion into the eye, the lens gently 
unfolds until it regains its full-size diameter. (2)

Objective

The aim of this article is to contribute formally, 
and through experience, to the discussion whether 
there is a real limit to the indication of high-tech 
IOLs in certain cases of cataracts such as elderly 
patients and/or patients with the existence of 
complex cataracts since we frequently hear through 
non formal channels, either by writings, remotely 
or by talks with other colleagues, that trifocal IOLs 
would present contraindications and that their 
prescription range would eventually deserve to be 
revised. 

Material and Methods

Successful case report of phacoemulsification 
surgery with placement of a trifocal AcrySof® 
IQ PanOptix Toric intraocular lens with Femto- 
second laser in an elderly patient with complex  
intumescent cataract with preexisting astigmatism.

Clinical Case

An 80-year-old female patient arrives to our Center 
suffering from defective distant visual acuity, from 
years of involution in her right eye.

Her medical history showed that she had 
phacoemulsification surgery with placement of an 
Acrysoft IQ ReSTOR intraocular lens in her left eye in 
2010 in our Center.
 
On preoperative tests we saw her corrected 
visual acuity is of light with projection. Slit lamp 
biomicroscopy showed the presence of intumescent 
cataract. 

The computed visual field showed to be null and 
with a thin corneal thickness, compared to normal 
values. The topography showed astigmatism of 1.49 
in 100 degrees, and specular microscopy with a very 
good number of cells. 

In this case we identify an elderly patient with a 
complex cataract with astigmatism, who cannot 
undergo the complete routine examinations that we 
have standardized in our Center, such as macular 
optical coherence tomography, due to the type of 
cataract. We performed keratometry, ecometry  
and verion®, and after analyzing the results, we 
decided to perform phacoemulsification surgery 
with placement of AcrySof® IQ PanOptix Toric 
trifocal intraocular lens with Femtosecond laser. 
(Figure 2) The result obtained is very good.  
Seven tenths are achieved without correction. 
(Figure 3)

Figure 1. AcrySof® IQ PanOptix IOL. (3)
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Figure 2. Femtosecond Laser Capsulotomy – LenSx.

Figure 3. Biomicroscopy, fourth day post-surgery.
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Discussion

We really have many, many cases like this one 
that we are reporting individually. The rate of 
satisfactory results is certainly high enough to 
encourage us to continue this practice day by day 
in our Center.

It cannot in any way be overlooked, however, that 
these types of cases and patients involve more 
chair time than usual, both with the patient and 
with the patient’s companion; and it is there that 
professional attention should be focused.

Another point to consider, and this is valid in all ca-
ses but even more so in cases like this one, is the 
enormous help and safety that means having the 
Femtosecond laser, in our case the LenSx®, when 
performing cataract surgery. We have been using 
it routinely in our surgeries for more than 10 years 
now, and the confidence and precision it gives, 
helps us to approach challenging cases with more 
peace of mind. 

Conclusions

More than 70% of the patients admitted to our 
Center are operated with high-tech lenses. We 

believe that such a high rate of occurrence is largely 
because we do not rule out a priori the potential 
placement of high-tech lenses in elderly patients or 
those with complex cataracts, not even in cases of 
subluxations that are stable. 

This is because we consider that as long as there 
is solid training and experience, and the process 
is accompanied by the highest technology (both 
in the previous pre-surgical diagnostic stage and 
during the surgery itself), each case deserves and 
must be studied and approached in a meticulous 
way, always giving it the best chances of success 
post-surgery and not denying the use of certain 
types of lenses beforehand.

With both the professional and technological 
factors covered to the highest standard, we see no 
reason in our practice to contraindicate or limit the 
placement of trifocal IOLs in any way.
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Abstract

Restrictive strabismus are those caused by the presence of mechanical impediments to free rotation. The 
restriction may be due to muscle contracture, anomalous position of the globe, post-surgical adhesions, 
and trauma, which produce diplopia and anomalous position of the head. Its correction is usually difficult 
due to the normal loss of anatomy and altered muscle function. The usual surgical techniques to correct this 
type of strabismus are muscle transpositions, but many times they are inefficient or cannot be performed 
due to the risk of ischemia of the anterior segment. Fixation to the periosteum with a silicone band creates 
an opposing force in the non-functioning muscle with the purpose of restoring parallelism and abolishing 
diplopia in front, usually not performed with first intention, but it is a safe procedure with good results. 

Keywords: Restrictive strabismus, oculomotor palsy, diplopia, limitation of movement, muscle 
transposition, periosteal fixation, silicone band 240.

Introduction

The term strabismus comes from the Latin: strab- στραβóς gr. “squint” which can be translated as “turned” 
or “twisted” and ismos gr. “pathological process”, it was introduced by Galen in the 2nd century A.C, later 
reintroduced in France in 1660 as “strabisme” referring to the loss of parallelism of the visual axes resulting 
in loss of binocular function, reduction of vision of the deviated eye and unfavorable aesthetic appearance. 
The Mayans considered strabismus as a quality of great beauty, and since childhood, they used to do 
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whatever was necessary to artificially provoke this 
condition.
 
Strabismus correction at any age is the act of 
restoring the eyes to their normal position to 
achieve proper function, and the benefits are 
well documented in the literature: elimination of 
diplopia and image confusion, removal of abnormal 
head position, restoration of stereopsis, expansion 
of visual field and improvement of psychosocial 
function.

For some cases with complicated strabismus, 
where muscle function is non-existent, or previous 
multiple strabismus procedures have been 
performed, fixation techniques to the orbital 
periosteum with the use of synthetic material 
silicone band 240 combined with antagonist muscle 
weakening techniques become an indispensable 
tool to realign the eyes in the primary position. (6,16)

The goal of surgery is to maintain the eye in frontal 
position, eliminating deviation and avoiding 
diplopia in primary position; when there is complete 
paralysis, no other conventional technique can 
restore movements.

This review describes the indications and surgical 
technique in the correction of restrictive strabismus 
by means of periosteal fixation with silicone band, 
and presentation of clinical cases. 

Restrictive Strabismus

Restrictive strabismus are those caused by the 
presence of mechanical impediments to free 
rotation, usually accompanied by difficulty of action 
of the agonist muscle and its diagnosis is prioritized 
by the correct evaluation of the passive and active 
duction test. The restriction can have multiple 
causes: persistent muscle contracture, abnormal 
position of the globe in the orbit, postoperative 
adhesions, trauma. (4)

They can occur in children but are more frequent in 
adulthood. Restrictive strabismus causes diplopia 
and aesthetic alterations. 

Epidemiologically the most common causes are 
high myopia, dysthyroid diseases, secondary 
causes to ophthalmologic surgery (mainly retinal 
detachment, strabismus and to a lesser extent 
pterygium), trauma and oculomotor paralysis. (12)

Paralytic Strabismus

In paralytic strabismus there is a motor neuron 
lesion or the impossibility of the muscle to contract. 
They can be partial (paresis) or total (paralysis). 
They affect one or more of the following pairs: III, 
IV and VI. (1,5) 

Strabismus Secondary to
Ophthalmologic Surgery

Restrictive strabismus can occur in the 
postoperative period of any ophthalmologic 
surgery (retinal detachment, cataract, glaucoma, 
pterygium, orbit, eyelid surgery) and, of course, 
we can cause restrictive strabismus in strabismus 
surgeries, due to mechanical and muscular factors.

Tenon capsule rupture causes fatty leakage, 
inflammation, neovascularization, and adhesion 
formation. It is the most frequent cause and 
although there may be other causes, there is always 
an adhesive factor in all cases. (3,4)

Traumatic Strabismus

Strabismus of traumatic origin are usually due, 
as well as strabismus due to previous surgery, to 
the usually fibrotic sequelae in the traumatized 
tissues, or otherwise, to nerve injuries that cause 
abnormalities in the innervation and consequently 
the motility of the various extraocular muscles, 
surgically they are usually strabismus in which 
dynamic surgery is required, it is about working 
with the structures that have been injured or 
otherwise lost. (4)

Thyroid Restrictive Strabismus

The most frequent deviation is hypotropia with 
limitation to the elevation of the affected eye due 
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to involvement of the inferior rectus. Sometimes 
the most affected eye is the fixator eye, so the 
deviation is presented in the form of hypertropia of 
the other eye. Strabismus surgery aims to improve 
the restriction caused by the thickened and fibrotic 
muscles, to eliminate diplopia in forward gaze and 
reading position, and to improve the aesthetic 
appearance. (4)

Myopic Restrictive Strabismus

It is a restrictive strabismus of progressive 
character, characterized by a large angle convergent 
deviation with marked limitation of abduction, and 
a hypotropia with limitation of elevation, caused 
by a dislocation of the posterior part of the eyeball, 
with nasal displacement of the Superior Rectus 
and inferior displacement of the Lateral Rectum, as 
can be evidenced in an orbital MRI. All this in the 
context of a patient with high myopia and eyeball 
with axial length greater than 25 mm. (4)

A specific feature is the progressive nature of the 
deviation. It starts with small angle deviation and 
over the years there is a very important increase in 
magnitude. (4)

Surgical Techniques in Restrictive Strabismsus

The usual surgical techniques to manage restrictive 
strabismus that are difficult to treat are muscle 
transpositions, which consist of changing the 
position of a muscle so that the force vectors 
change and the function of a muscle without action 
can be substituted. (14) 

They are used in muscular paralysis, either of 
neurogenic or muscular cause, when there is no 
contraction force, or it exists but it is anomalous, 
and it is wanted to be annulled as in Duane’s 
syndrome. (9) The aim of the transposition is to 
correct the primary position and to obtain the 
maximum possible amount of binocular visual 
field, the most used transpositions are Jensen, 
Hummelsheim, Nishida, Yamada and Yokoyama 
and they are always accompanied by a maximum 
weakening of the muscle in hypertonia. (15)

Salazar Leon et al. recommend fixation to the nasal 
periosteum with fascia lata for the treatment of 
exotropia secondary to third cranial nerve palsy, 
as well as for other applications such as agenesis 
of extraocular muscles and some cases of paralytic 
strabismus in which there is a risk of development 
of anterior segment ischemia, and in patients with 
at least two transposition surgeries for esotropia 
secondary to sixth nerve palsy. (9)

Strabismus Correction with the
Use of Silicone Band 240

This technique is traditionally performed in pa-
tients who have not responded to other surgical 
techniques, in most cases it is not usually the first 
option. Its goal is to create an opposing force in the 
non-functioning muscle to restore parallelism in 
frontal vision. When attempts have been made to 
correct restrictive strabismus with muscle weake-
ning or strengthening and the patient continues 
with residual deviation, it is not advisable to con-
tinue working on straight muscles because of the 
consequent risk of anterior segment ischemia. (6)

Depending on the type of restrictive strabismus 
presented by each patient, the surgical technique 
should be individualized, always starting with 
the recession of the ipsilateral antagonist  
rectus muscle and making the approach for band 
fixation. (8)

Band Fixation

1. Conjunctival incision to weaken the antagonist 
muscle. 

2. Localization, grasping and recession of 
ipsilateral antagonist rectus muscle.

3. Skin incision 1 cm from the external canthus 
on the orbital rim for esotropia and 0.5 to 1 cm 
from the internal canthus on the nasal rim for 
exotropia. (Figure 1-A)

4. Tunneling of the conjunctival sac to the orbital 
rim is performed with Wright needle. (Figure 
1-B)

5. Band is passed to the scleral area, fixed in the 
muscular insertion area with 5-0 mersilene 
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for ophthalmic use with a spatulated needle. 
(Figure 1-C)

6. The eye is tractioned and its location is decided, 
it is recommended to produce a minimum 
consecutive strabismus. (Figure 1-D)

7. The periosteum is located and a transphyseal 

stitch is made with mersilene 5 and then the 
band is secured with the suture. (Figures 1-E 
and 1-F)

8. The skin closure is performed on the orbital rim 
by layers.

9. Conjunctival closure. 

A

C

B

D

E F
Figure 1. Band fixation to sclera and opposite end to periosteum in a patient with exotropia secondary to third cranial nerve palsy.  

(A) Skin incision. (B) Passing the band with Wright needle. (C) Suture of the band to sclera with 5-0 mersilene.
(D) Suture to periosteum. (E) Stitch to band. (F) Band tie.
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Figure 2A. Pre-surgical

Figure 3A. Pre-surgical

Figure 2B. Post-surgical

Figure 3B. Post-surgical

Figure 2 shows pre-surgical and immediate post-
surgical, 240 band fixation to periosteum in a 

Figure 3 shows pre-surgical and post-surgical one 
year after fixation to the periosteum with silicone 

band in the right eye, in a patient with esotropia 
secondary to high myopia. (11)

patient with left third cranial nerve palsy, without 
previous surgeries. (9)
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Figure 4A. 

Figure 4B. 

Figure 4 shows immediate post-surgery of a patient 
with left sixth cranial nerve palsy with 2 previous 
surgeries. (10)
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Abstract 

Aim: To decrease the rate of corneal abrasions after measuring intraocular pressure (IOP) by applanation 
tonometry.

Method: Intraocular pressure measurement is a routine procedure, mainly in patients above the age of 40 
years, known patients of glaucoma and glaucoma suspects. In a teaching institute like ours, this procedure 
is commonly carried out by the second and third year residents, using a Goldman applanation tonometer. In 
our institute it had come to our notice that after this procedure, quite a few patients had complaints of pain 
and foreign body sensation, suspected to be due to the iatrogenically created corneal abrasions. Thus, to 
minimize the incidence of corneal abrasions, clinical audit was carried out. Audit   was done on 50 patients 
(100) eyes. The data was analyzed using Microsoft excel. A sensitization of the residents was carried out, to 
improve the technique. After few months re-audit was done on another 39 patients (78 eyes).

Result: Data compilation was done and analyzed. In audit, around 29% of patients reported with corneal 
abrasion against a set target of 0%, and the result significantly improved to 13% after the entire process of 
re-audit.

Conclusion:  Measurement of IOP by applanation tonometry can be a significant factor in the cause of corneal 
abrasion, especially when done by residents. This may cause patient discomfort as well as serious corneal 
complications, thus endangering vision.

Clinical Significance:  Audit provided a scope in the improvement of the procedure of Applanation Tonometry, 
thus leading to better patient safety and satisfaction.

Keywords:  Clinical audit, re-audit, Applanation tonometer, Corneal abrasion. 

Introduction

Glaucoma is an invisible, vision threatening disease that affects the optic nerve. It is not a single disease 
entity but a group of diseases and represents a multifactorial optic neuropathy. (1) To detect the disease early, 
timely diagnosis, continuous monitoring and appropriate treatment is a must. The one and only risk factor, 
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which is modifiable in the treatment of glaucoma is 
the intraocular pressure (IOP). (2) Hence, monitoring 
of intraocular pressure at regular intervals is a 
routine procedure, carried out in eye out patient 
departments (OPDs). The intraocular pressure is 
taken with the help of an instrument, known as 
tonometer and the method is known as tonometry. 
Although, there are various types of tonometers, 
Goldmann applanation tonometer, (3) is the one 
which is most frequently used and considered gold 
standard. The procedure is based on the Imbert-
Fick principle. (4) This states that the intraocular 
pressure is assessed by the amount of force required 
to flatten or applanate a known area of the cornea 
(P= F/A). The concept was introduced by Goldmann 
in the year, 1954. (5) This instrument is mounted 
on a slit lamp. Here a flat, Plexiglas plate (formed 
by prisms placed apex to apex), is used to flatten 
an area, 3.06 mm in diameter, on an anesthetized 
cornea. This particular area exerts a force of 0.1 g 
by a spring and lever system and corresponds to an 
Intraocular pressure of 1mmHg. (6) 

As this is a contact procedure, there are chances 
of damage to the corneal surface which may range 
from mild corneal abrasions to sight threatening 
conditions, if there is a superadded infection. 
Corneal abrasions are superficial disruption of the 
anterior corneal epithelium. It may give rise to pain, 
watering and photophobia. Severe abrasions can 
cause corneal stromal edema, and rarely infection 
leading to corneal ulcer, thus compromising vision. 
(7)

Tonometry, in our OPD, is mainly done by the 
second and third year residents in addition to the 
consultants. Hence taking into consideration, the 
gravity of the situation, it was decided to conduct 
a clinical audit, to improve the entire procedure of 
applanation tonometry.

A clinical audit by definition, is a process, which is 
very useful in improvising on patient care and their 
outcomes. (8) It is very effective in critically analyzing 
the procedure meted out to the patients and 
systematically reviewing the process against a set 

of well-defined standards. (9) It is not merely for data 
collection or for research purpose exclusively. It is an 
ongoing process for improvement in patient care. A 
clinical audit can be unidisciplinary (involving one 
group of staff) or multidisciplinary (more than one 
group involvement). (10) The first medical audit by 
doctors was done in 1989. (11) Since then, several 
clinical audits have been conducted at various 
institutes, in various fields of medicine. (12) 

The stages of an audit cycle are as follows: (13) 
• Choose a topic
• Agree objectives
• Review evidence
• Set Standards/ criteria
• Decide data strategy
• Do a pilot study (Audit)
• Observe Practice and collect data
• Analyze findings
• Discuss findings
• Make changes
• Do re-audit

If required, the cycle has to be repeated, till the 
desired result is achieved.
 
Materials and Methods

A prospective audit was carried out in our OPD, over 
a period of four months to improve the procedure 
of applanation tonometry. It was an unidisciplinary 
involvement as the procedure was done by the 
second and third year post graduate residents, of 
eye department only. This clinical audit was done 
under the guidance of Quality Improvement Group 
(QIG) (14) of our Institute. Ethical issues were also 
taken care of and approved by our institutional 
Ethics committee. As both the eyes of 50 patients 
were examined for intraocular pressure, the sample 
size was 100 in the audit phase. After the initial 
audit, a sensitization and training of residents 
was carried out. Applying the same methodology, 
but with a little modification, and adhering to the 
standard guidelines, (15) re-audit was carried out on 
39 patients (78 eyes).
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After the preliminary workup, the patients were 
explained about the procedure. Applanation 
tonometry was performed on both eyes, according 
to the standard protocol. As Goldmann Applanation 
Tonometry (GAT) is considered the gold standard (16) 
for IOP measurement, a slit lamp mounted GAT (Carl 
Zeis AG, Meditec) attached to an imaging system 
was the mode of measuring IOP in our OPD, along 
with a video recording of the examined eyes. As 
the recordings of the procedure did not reveal the 
identity of the patients in any way, written consent 
was not taken, though it was planned earlier.

The Standard Protocol was as Follows: 

Each patient was fully explained about the entire 
procedure. He /She was made to sit at the slit 
lamp and an anesthetic agent (0.5% Proparacaine 
eye drops) instilled in both eyes. The tear film was 
stained with sterile 1% fluorescein strip. A beam of 
cobalt blue light, which was kept wide and bright 
was directed on the prism head. This when viewed 
through the Goldmann prism, made the biprism 
rings appear green. The beam was kept on the right 
side when viewing the right eye and vice versa. The 
patient was instructed to keep his/her eyes wide 
open and steadily fix his/her gaze straight ahead. 
The upper lid was gently elevated with the thumb 

to avoid any pressure on the globe. The tonometer 
head was held perpendicular to the eye and slowly 
moved forwards, till the prism touched the corneal 
surface gently. (Figure 1)

Special attention was given to centration of the 
tip on the corneal surface. The two fluorescein 
semicircular rings seen on the cornea were adjusted 
to touch their inner edges, with the help of a dial. 
The final result was a horizontal “S” shaped figure. 
(Figure 2) 

The reading on the dial was recorded and multiplied 
by ten to give the correct IOP. The tip was withdrawn 
and gently wiped with a clean cotton swab and the 
same procedure was repeated in the other eye. After 
the procedure, the tip was cleaned with isopropyl 
alcohol for disinfection. Proper care was taken to 
clean the tip before next use to prevent corneal 
damage due to the disinfectant. The cornea was 
examined before the procedure to see whether there 
were any preexisting corneal abrasion. Any cases 
with corneal abrasions were excluded from our 
study. After the intraocular pressure was measured, 
the cornea was again examined for any abrasions 
present. Each procedure was video recorded. After 
the desired numbers of samples were collected, 

Figure 1. Blue semicircles, indicating the Applanation tonometer 
probe’s close proximity to the cornea, but not touching the 

corneal surface .The arrows indicate the semicircles

Figure 2. Appearance of the green semicircles indicate that the 
probe has touched the corneal surface . The cornea has been 

stained with 1% fluorescein dye. The final figure is an
inverted “S” shaped figure.
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analysis of each individual video was done by the 
principal auditor. Table 1 shows criteria to be 
audited and desired targets for each criterion. 

Each Video was Examined Systematically as 
Follows:
 
• Whether the applanation prism was properly 

centered before the corneal contact. This could 
be seen by observing two blue semicircle mires 
when the probe is very near to cornea, (Figure 
1) before actually touching the cornea (in which 
case the color of the mires changes to green, 
(Figure 2) due to fluorescein dye).

• Was there any need for readjustment after 
corneal contact? This could be observed by 
relative positions and size of two semi circles, 
after cornea is touched.

• In cases where readjustment was needed, 
was the probe withdrawn from the cornea 
before adjusting again? This could be observed 
by disappearance of green mires before 
readjustment.

• At last, was there any corneal abrasion noted, as 
a fluorescein stain positive area?

The data was entered and analyzed using Microsoft 
Excel. The audit findings were shared with the 
departmental colleagues and residents and 

modification in the process was marked out. After 
proper sensitization and training of the residents, 
re-audit was done on 39 people (78 eyes), after a 
period of three months.

Result 

As Table 2 shows, the result of the clinical audit was 
eye opener for us. We found that in about 60% cases, 
the 1st standard was not met, i.e., applanation 
probe was not approaching central cornea. 
Readjustment of probe was required in 81% cases, 
as against a set standard of 0%. Out of those 81% 
cases, in only one case the probe was withdrawn 
before readjustment. As a consequence of this, we 
found that against a set target of 0%, the incidence 
of corneal abrasion was 29%. There were 19 cases, 
in which there was no need for readjustment. Out 
of the 19 cases in which there was no readjustment 
of the probe, there were still 3 cases (16%) in which 
some corneal abrasion was present. This showed 
that there may be some other causes of corneal 
abrasions and was not related to the procedure per 
se. This prompted us to change the target of outcome 
from 0% to 10%. After sensitization of residents, re-
audit was done. The result of the re-audit, which 
was done after a few months of initial audit, showed  
significant improvement in all standards. The 
outcome of corneal abrasion had decreased from 
29% to 13%. 

S.N Criterion Target Exception Source of Evidence
1 Applanation probe is positioned 

in the center of the cornea, before 
touching the cornea.

100% ––– Local Policty

2 There is need for readjustment of 
applanation probe after corneal 
contact.

0% ––– Local Policty

3 In case of requirement of 
readjustment, probe is withdrawn 
from cornea, before making 
readjustment

100% ––– Local Policty

The criteria’s were fixed according to standard policies made by the Principal Investigator and the Faculties.

Table 1. Criteria to be audited and desired  targets for each criterion.
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Discussion

As intraocular pressure measurement is an integral 
part of glaucoma management, utmost care should 
be taken during the entire procedure. Hence a 
clinical audit was carried out, which brought to our 
notice that against a set target of 0%, the incidence 
of corneal abrasion was 29%, indicating that the 
technique needed some improvement. As seen 
from the readings in Table 2, in majority of patients, 
the probe was not centered from the beginning 
of the procedure. Moreover, in those cases, where 
readjustment of probe was required, the probe was 
not withdrawn from the cornea. This would have 
definitely increased the risk of corneal abrasion, in 
almost all the patients. Looking at the outcome, 
we modified the steps to ensure, proper probe 
centration, before the corneal touch. 

This was done by minutely observing and adjusting 
the blue semicircles, (Figure 1) indicating the probe 
was in very close proximity to the cornea, but was not 
touching the corneal surface. As soon as the green 
semicircles appeared, it was an indication that the 
probe had touched the corneal surface. (Figure 2) 
The re-audit brought down the percentage of corneal 
abrasion significantly from 29% to 13%. Thus, it 
was obvious that the corneal abrasion would have 

First Audit Phase: All cases undergoing Applanation tonometry (50 patients- 100 eyes).
Desired targets are mentioned in the bracket.

Standard 1: 
Applanation prism 

approaching cornea 
after positioning in 

center.
(100%)

Standard 2:
Need for prism 

adjustment after 
corneal contact.

(0%)

Standard 3:
Prism withdrawn from

cornea before adjusting 
again.
(100%)

Outcome:
Corneal Abrasion

present.
(0%)

YES 40 81 1 (Out of 81 in YES in Stan-
dard 2)

29

NO 60 19 80 (Out of 81 in YES in 
Standard 2)

71

NA --- --- 19 (NO in Standard 2) ---
Total 100 100 100 100

Table 2. Results and outcome of the audit. 

been avoided if the probe was properly centered 
beforehand, avoiding any need for readjustment. If 
at all readjustment was required, the probe should 
have been withdrawn before readjustment. This 
method has been confirmed by Blumenthal et al. 
(17) in his survey. There were 19 such cases in our 
study, in which there was no need for readjustment. 
Out of these 19 cases, there were still 3 cases (16%) 
in which some corneal abrasion was present. This 
shows that there may be some other factors which 
may be playing some part, like improper cleaning 
of disinfectants, dry eyes, faulty staining technique 
etc. Hence it may not be possible to completely 
avoid corneal abrasion, despite applying perfect 
technique. This has also been correlated by Gupta 
et al. in his literature on corneal abrasions. (18) 
Thus, a revision of the target set from 0% corneal 
abrasion to an arbitrary reasonable figure of 10% 
was kept during re-audit. (Table 3) Re-audit helped 
in achieving a target of 13%. 

Conclusion

The audit strongly suggested a need for 
improvement in the technique. Thus, there should 
be a strict adherence to the guidelines to avoid 
corneal abrasion, following applanation tonometry. 
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Reaudit was done in 39 patients (78 eyes). The outcome of corneal abrasion had a marked decreased from 29% to 13%.

Standard 1: 
Applanation prism 

approaching cornea 
after positioning in 

center.
(100%)

Standard 2:
Need for prism 

adjustment after 
corneal contact.

(0%)

Standard 3:
Prism withdrawn from

cornea before adjusting 
again.
(100%)

Outcome:
Corneal Abrasion

present.
(10%)

YES 82% 32% 56% (of 32% of YES in 
Standard 2)

13

NO 18% 68% 44% (of 32% of YES in 
Standard 2)

87

NA --- --- 68% (NO in Standard 2) ---
Total 100 100 100 100

Table 3. Result of the re-audit showing significant improvements in all standard as well as outcome.

Clinical Significance

Clinical audit was done to have an assessment of 
how guidance and supervision of the residents can 
be instrumental in improving patient care, their 
safety and wellbeing. As the residents are the pivots 
in any OPD, training them under supervision can go 
a long way in upgrading the quality of health care.
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Announcing the 2022 
Jackson Memorial Lecturer
Gerrit R. J. Melles, MD, PhD, has been actively involved in research, invention, 
and development of ophthalmic surgical techniques. He recently received 
the Bressler Prize and the prestigious decennary Dutch Tilanus Medal for 
extraordinary contributions to medical science and surgery. He will deliver 
the 79th annual Edward Jackson Memorial Lecture during the AAO 2022 
Opening Session on Friday, Sept. 30, in Chicago.

The Annual Meeting Is Earlier This Year!   
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Subspecialty Day   Sept. 30 – Oct. 1
AAOE Program   Sept. 30 – Oct. 3
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