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Purpose: To evaluate the postoperative effect on central retinal macular thickness of 
a cooled irrigating eye solution used during cataract surgery.
Patients and Methods: In this prospective, single-center study, 100 eyes of 50 patients (26 
males and 24 females) were evaluated with spectral domain optical coherence tomography 
(SD-OCT) before and after phacoemulsification for senile cataract. Eyes were randomly 
divided into two groups based on the irrigating solution used during surgery: Group 1, 50 
eyes received intraoperative irrigating solution at room temperature (~20.0±0.1°C); and 
Group 2, 50 fellow eyes received cold intraoperative irrigating solution (2.7±0.1°C). 
Changes in central macular thickness (CMT) were evaluated in both groups by SD-OCT 
macular raster scan for the nine Early Treatment of Diabetic Retinopathy Study (ETDRS) 
subfields and total macular volume, performed pre-surgery, and 1 and 4 weeks post-surgery.
Results: Despite there being no significant differences in variables between the two groups 
preoperatively, significant increases in CMT were observed at 1 week after surgery in both 
groups (p=0.02 and p=0.03, respectively), as well as in total macular volume (p<0.0001 and 
p=0.02, respectively). Inter-subgroup analysis showed a significant reduction in CMT 
(p=0.03) and total macular volume (p=0.001) at 1 week post-surgery in Group 2 compared 
to Group 1, whereas no significant differences were observed at 4 weeks.
Conclusion: The use of a cooled irrigating eye solution during phacoemulsification may be 
beneficial in preventing the possible development of postoperative macular thickening. 
Further clinical studies may support this finding.
Keywords: cataract surgery, cystoid macular edema, central macular thickness, spectral 
domain optical coherence tomography, phacoemulsification, cold intraoperative irrigating 
solution

Introduction
Cystoid macular edema (CME) following cataract surgery is a common and well- 
recognized complication. CME may also occur in patients who do not present any risk 
factors,1,2 such as diabetic retinopathy and other retinal pathologies.3–5 The exact 
pathomechanism is not known and is likely to be multifactorial;6 however, surgical 
trauma to the iris, ciliary body, and lens epithelial cells causes release of phospholi-
pids, and thereby release of prostaglandins or other inflammatory mediators. Indeed, 
the pathophysiology of CME in these cases includes upregulation of inflammatory 
mediators, infiltration of inflammatory cells, vascular dysfunction, and, finally, 
damage to retinal cells.7,8
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The role played by cytokines, prostaglandins, and 
thromboxane in the inflammatory response in the anterior 
chamber after cataract surgery is well known.9–11 The 
inflammatory mediators stimulate the breakdown of the 
blood–retinal barrier, resulting in the accumulation of 
intraretinal fluid, leading to macular thickening and 
edema.2 Topical non-steroidal anti-inflammatory drugs 
(NSAIDs) are usually designed to prevent CME after 
cataract surgery in patients at risk, not to treat inflamma-
tion of the posterior segment of the eye.12,13

The aim of our study is to evaluate the role of intraopera-
tive cold irrigating eye balanced salt solution (BSS) in influ-
encing the central retinal thickness and, therefore, in 
preventing the possible development of postoperative CME 
(increase in retinal thickness of at least 10% from baseline 
caused by multiple pseudocysts in the macula14). Indeed, this 
could be useful in understanding how to eliminate 
a modifiable risk factor for complications during phacoemul-
sification cataract surgery.

Patients and Methods
In this prospective, interventional, single-center study, 50 
patients (26 males and 24 females) with a diagnosis of senile 
cataract, who underwent phacoemulsification at the 
Ophthalmology Department of the University Hospital “G. 
Martino” Messina, Italy, were randomly enrolled in the study 
between April 2019 and May 2019. Their mean age was 65 
±7.3 years (range 55–75 years). The study was carried out in 
accordance with the Declaration of Helsinki for medical 
research involving human subjects and was approved by 
the local Ethical Committee, University Hospital “G. 
Martino” Messina, Italy (number 43/19-0006654). 
Informed and written consent was obtained from all patients 
agreeing to be included in this study, before undergoing 
cataract surgery.

Inclusion criteria were cataract of middle degree (stages 
2–3) according to the classification of Lens Opacities 
Classification System III (LOCSIII),15 and age older than 
55 years with no other ocular abnormalities. Exclusion cri-
teria were patients with any pre-existing or coexisting cor-
neal and retinal diseases, but also with pseudoexfoliation, 
shallow anterior chamber, glaucoma posterior synechiae, or 
any previous ocular surgery, subluxated or traumatic cataract.

The baseline ophthalmic examination performed preo-
peratively included slit-lamp evaluation, intraocular pressure 
(IOP), fundus examination, and a volumetric assessment of 
the central retinal using the “fast macular volume” preset,16 

consisting of a 25 horizontal axial raster scan covering 

20°×20° composed of 25 sections, spaced at 240 μm, and 
centered on the fovea, performed with a Spectralis® SD-OCT 
(Heidelberg Engineering, Heidelberg, Germany). The fol-
low-up visits were then arranged for each patient 1 week 
and 4 weeks following phacoemulsification as per the local 
protocol and since the peak of CME occurs between 4 and 6 
weeks after surgery.17 The follow-up function of the 
Spectralis was used to obtain comparative scans. The central 
retinal thickness, measured in the central 1.0 mm macular 
subfield, and volume measurements, total and for the nine 
ETDRS subfields, were obtained using Heidelberg Eye 
Explorer software (version 1.7.0.0; Heidelberg Engineering).

All patients were pretreated 3 days prior to the surgery with 
antiseptic solution, 1% sodium hypochlorite bid (Septavis® 
spray; Medivis, CT, Italy), to the periorbital skin, and 0.3% 
ofloxacin 1 gtt tid. Patients had instilled one drop of topical 
tropicamide and phenylephrine (0.28 mg/5.4 mg) 
(Mydriasert®; Thèa Farma, Milan, Italy) 20 minutes before 
surgery.

The 100 eyes of the 50 patients were randomly distributed 
into two groups: Group 1, 50 eyes receiving intraoperative 
irrigating solution at room temperature (~20.0±0.1°C); and 
Group 2, 50 fellow eyes receiving cold intraoperative irrigat-
ing solution (2.7±0.1°C). The use of a thermal coat of ice and 
water ensured that there was no temperature variation during 
the surgery.18 The anterior chamber temperature variation, 
measured with a thermal camera during phacoemulsification 
in the presence of cold solution, was about of 6–8°C less than 
the variation measured in the presence of ultrasound and room 
temperature solution.19 To meet the Ethical Committee board 
approval and amendments, and to reduce the interpersonal 
variability in interpretation of the results,20 each patient was 
attributable to both groups, as one eye was treated with the 
room temperature solution and the fellow eye with the cooled 
solution. The surgery was carried out by the same surgeon 
(AM) using an OPMI Lumera 700 microscope (Carl Zeiss 
Vision Italia, Varese, Italy) and a SIGNATURE® 

Phacoemulsification System (Abbott Medical Optics, 
Johnson & Johnson Vision Medical, Pomezia, Rome, Italy). 
A standardized phacoemulsification with an intraocular lens 
implant surgical technique was performed. An incision of 
1 mm was made in the clear cornea. Subsequently, an injection 
of Viscoat (Alcon Laboratories, Fort Worth, TX, USA) was 
performed. Then, the high-molecular weight ProViscs (Alcon 
Laboratories) was injected into the anterior chamber, thus 
moving the Viscoat up, towards the cornea, to protect the 
layer of endothelium. Afterwards, the surgeon created 
a 2.2 mm temporal tunnel, on the clear cornea, then a nick in 
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the anterior capsule using a cystotome, thus carrying out 
a 5 mm capsulorhexis. After a safe hydrodissection, the sur-
geon carried out phacoemulsification using the SIGNATURE 
(Abbott Medical Optics) phacoemulsificator, using standar-
dized surgical techniques. The following parameters were 
used: flow 25 mL/minute, vacuum 350, and ultrasound energy 
30% (J) (the last parameter was variable on the basis of the 
cataract hardness), as previously described.18 The effective 
phacoemulsification time (EPT), that is, the cumulative ultra-
sound energy used intraoperatively during the phacoemulsifi-
cation procedure, was also calculated. Subsequently, 
a complete cortex removal was carried out by manual irriga-
tion and aspiration, followed by IOL implantation in the 
capsular bag; the residual viscoelastic material was then 
removed by manual irrigation and aspiration.

After the surgery, each patient was treated for 4 weeks qid 
with artificial tears (Ialuvit®; Alfa Intes Industria Terapeutica 
Splendore, Naples, Italy), with a combination of cortisone 
and antibiotics (betamethasone 2 mg/mL, chloramphenicol 
5 mg/mL) gtt and bromfenac 0.9 mg/mL gtt tid. None of the 
patients had any intraoperative complications.

Statistical Analysis
The central macular thickness (CMT) was considered as the 
primary outcome measure for the study, whereas the IOP, the 
best corrected visual acuity (BCVA), and the endothelial cell 
count were considered as secondary outcome measures.

A Lilliefors test was performed for every set of data, using 
the MATLAB® lillietest function (The MathWorks, ©1994– 
2019; Lilliefors test, MATLAB MathWorks, Italy) to ensure 
that the collected macular measurements followed a normal 
distribution, after eliminating the outliers of the various data-
sets using the MATLAB isoutlier function. As all the obtained 
p-values were <0.001, non-parametric tests, namely the 
Kruskal–Wallis ANOVA test and the Wilcoxon test 
(MathWorks, ©1994–2019 Kruskal–Wallis test; and 
Wilcoxon test, MATLAB, MathWorks, Italy), were used. The 
first is the equivalent non-parametric test of the one-way 
ANOVA and allows comparison of multiple different, inde-
pendent datasets of the same variable, to evaluate whether they 
follow the same distribution (null hypothesis).21 The second is 
the equivalent of the non-parametric test of the t-test, which 
compares two different independent datasets of the same vari-
able to evaluate whether they follow the same distribution (null 
hypothesis). If the p-value returned by one of the functions is 
higher than a specified threshold (it was set at 5% significance 
level), the specific test fails to reject the null hypothesis. This 
means that the different datasets refer to the same distribution 

with a probability proportional to the p-value. A power calcu-
lation was done using StatSoft software considering only the 
primary outcome, the CMT. The power of the study, given 
significant differences in both intragroup and intergroup com-
parisons, was calculated to be 86% and 85%, respectively, with 
α=0.05 and 50 random eyes for each group enrolled.

Results
Preoperative clinical characteristics of Group 1 patients 
receiving intraoperative irrigating solution at room tem-
perature (~20.0±0.1°C) and of Group 2 receiving cold 
intraoperative irrigating solution (2.7±0.1°C) are reported 
in Table 1. No statistically significant differences were 
observed between the two groups in preoperative para-
meters such as axial length, anterior chamber depth, IOP, 
BCVA, or endothelial cell count.

In Group 1, there were 42 eyes with stage II cataract 
and eight eyes stage III cataract, whereas 40 eyes pre-
sented stage II cataract and 10 eyes stage III cataract in 
Group 2. After cataract surgery, the mean EPT was 7.16 
±2.55 in Group 1 and 7.35±2.83 in Group 2 (p=0.27).

OCT Parameters
Preoperatively, the mean CMT was 216.9±7.9 μm in Group 
1, whereas in Group 2 it was 217.5±8.3 μm (p=0.21). At 1 
week post-cataract surgery, there was a significant increase in 
CMT (p=0.02), as well as temporal, nasal, superior, and 
inferior inner macular thickness, and temporal and nasal 
outer macular thickness, in Group 1 (Table 2). In Group 2, 
significant increments in CMT were noted (p=0.03); in addi-
tional, superior, inferior inner, and temporal outer macular 
thicknesses were significantly increased (Table 2).

Moreover, statistically significant changes in total macu-
lar volume were observed at 1 week in both groups 
(p<0.0001 and p=0.02, respectively). Furthermore, at 1 
week after surgery, statistically significant differences was 
observed in CMT (p=0.03) as well as in total macular volume 
(p=0.001) when comparing Group 1 and Group 2 patients; 
however, at 4 weeks these changes were not statistically 
significant (p=0.07 and p=0.24) (Table 2). None of the eyes 
in the two groups developed CME 4 weeks post- 
phacoemulsification.

Visual Acuity and Safety Parameters
At 1 and 4 weeks after surgery, there was a significant 
change in BCVA in both groups (p<0.0001), whereas no 
significant differences were observed at 1 and 4 weeks 
between the two groups (Table 3). At the end of follow- 
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up, 24 eyes (48%) gained more than 3 Snellen lines, 16 
eyes (32%) gained 2 Snellen lines, and 10 eyes (20%) 
gained 1 Snellen line in Group 1; whereas in Group 2, 
28 eyes (56%) gained 3 or more Snellen lines, 14 eyes 
(28%) gained 2 Snellen lines, and eight eyes (16%) gained 
1 Snellen line. No eyes lost lines at the end of follow-up in 
either group.

In addition, there were significant decreases in the 
endothelial cell count in both groups after surgery, but, in 
accordance with our previous data,18 the decrease was 
significantly higher in Group 1 (p<0.0001) (Table 3), 
where a reduction in the loss of endothelial cells was 
observed. No changes in IOP were recorded throughout 
the follow-up period in either group (Table 3).

Discussion
This prospective randomized study opens up new perspec-
tives for the use of the cooled irrigating eye solution 
during phacoemulsification in preventing the possible 
development of postoperative macular thickening. The 
most frequent postoperative complication of cataract sur-
gery is CME, which, in most cases, evolves to 
a spontaneous resolution. In many cases after cataract 
surgery, it is possible to detect a subclinical increase in 
macular thickness; usually, a higher incidence of edema 

occurs 4–6 weeks after the phacoemulsification, with 
a recovery to baseline values around 6 months after 
surgery.22,23 However, visual loss can affect a few 
patients.24

Many studies have reported the effects of phacoemul-
sification on the posterior structures, and, in particular, on 
the retinal and choroidal thickness of the eye.6,25–29 

Indeed, clinical evidence shows an important increase in 
the perifoveal and foveal thickness of the retina, detected 
using OCT, in patients who have undergone cataract 
surgery30 and Nd:YAG laser capsulotomy.31 Gharbiya 
et al demonstrated a progressive increase in macular thick-
ness from the first week until the sixth month in patients 
who had undergone uneventful phacoemulsification.32 

These data are in keeping with those of our study only at 
1 week post-surgery, where a significant increase in CMT 
was detected by SD-OCT.

Until now, the possible beneficial effect of a cold eye 
irrigating solution during phacoemulsification on CMT has 
not been exhaustively investigated. Edelhauser et al33 demon-
strated that using a hypothermic solution during surgery can 
lead to positive effects on the human corneal and vascular 
tissues of the retina, and Hoffman et al34 reported the bene-
ficial effects of an intraoperative cooled irrigating solution on 
the tissues of the eye. However, neither of these studies 

Table 1 Preoperative Clinical Characteristics of Eyes in Group 1 Receiving Intraoperative Irrigating Solution at Room Temperature 
(~20.0±0.1°C) and in Group 2 Receiving Cold Intraoperative Irrigating Solution (2.7±0.1°C)

Parameters Group 1 (n=50) Group 2 (n=50) p-Value

Axial length (mm) 23.5±7.2 23.7±8.1 0.09

ACD (mm) 3.5±0.5 3.4±0.6 0.21

Endothelial cell count (n) 2453.1±275 2471±289 0.08

BCVA (logMAR) 0.53±0.22 0.52±0.26 0.41

IOP (mmHg) 14.5±2 14.9±2.7 0.27

Central subfield macular thickness (μm) 216.9±7.9 217.5±8.3 0.21
Temporal inner 296.3±11.7 294.1±12.4 0.09

Nasal inner 299.6±9.1 300.7±7.9 0.17

Superior inner 297.4±9.2 299.4±9.5 0.07
Inferior inner 288.4±8.9 287.7±8.2 0.15

Temporal outer 250.6±10.5 254.9±12.9 0.06

Nasal outer 282.6±6.4 284.9±6.4 0.09
Superior outer 292.9±3.8 294.5±4.9 0.12

Inferior outer 272.4±6.7 273.8±7.3 0.18

Total macular volume (mm3) 8.63±0.29 8.61±0.32 0.79

Note: All data are expressed as mean ± standard deviation. 
Abbreviations: ACD, anterior chamber depth; BCVA, best corrected visual acuity; logMAR, logarithm of the minimum angle of resolution; IOP, intraocular pressure.
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investigated the effect of hypothermia on retinal and choroidal 
thickness, or intraocular inflammation. In contrast, Praveen 
et al35 showed that the use of moderately cooled BSS had no 
detectable effect on the central corneal thickness and anterior 
segment after phacoemulsification, and demonstrated a benefit 
on the outcome of the surgery. Meduri et al demonstrated the 
efficacy of treatment with cold irrigation solution on the 
reduction of anterior chamber flare, pain, and conjunctival 
hyperemia at 1 day after phacoemulsification, suggesting that 
the cooling procedure was fully effective in controlling early 
postoperative inflammation.19

The damage caused by the light, the vitreoretinal trac-
tion, the timing, and the energy of the phacoemulsification, 
and, above all, the increased levels of cytokines, prosta-
glandins, and thromboxane, may be linked to the fluid 
retention,36 thus influencing the progression of the 
edema. Indeed, CME is often observed after complicated 
cataract surgery, but may also occur in uncomplicated 
surgeries.4 The formation of fluid-filled pseudocystic 
spaces in the retinal layers of the retina affects 0.2–14% 
of cases and, notably, it is increased in patients affected by 
uveitis and diabetes, which are well known as inflamma-
tory processes.37 In the retina and choroid of rodent mod-
els, the gene expression and, consequently, the protein 
secretion of pro-inflammatory factors were studied, con-
firming the role of cataract surgery in the onset of an 
inflammatory process of the posterior pole.38 Notably, the 
involvement of an inflammatory status which leads to 
macular edema is also underlined by the fact that nepafe-
nac 0.3%, an anti-inflammatory drug, was efficacious in 
reducing macular thickness, measured by SD-OCT, com-
pared to a placebo 5 weeks postoperatively.39 Moreover, 
anti-inflammatory prophylaxis with nepafenac in diabetic 
patients undergoing cataract surgery improves postopera-
tive outcomes.39

In our study, an increased macular thickness at 1 week 
after cataract surgery was seen in both groups; these 
changes were significantly pronounced in eyes that 
received a room temperature BSS. Indeed, in the first 
days after cataract surgery, it is plausible to observe the 
higher expression and release of pro-inflammatory 
mediators.38

Our findings showed a beneficial role of the cooled 
BSS during cataract surgery, reducing the inflammatory 
reaction and, consequently, the breakdown of the blood– 
retinal barrier that may lead to macular edema. However, 
at 4 weeks no significant changes in CMT were observed 
in either group. This could also be related to the reduced Ta
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inflammation as an effect of the anti-inflammatory treat-
ment with bromfenac throughout the follow-up period. 
Although an increased CMT was observed in both groups, 
no cases of CME were recognized 4 weeks post- 
phacoemulsification.

Moreover, after surgery, there was a significant reduction 
in the endothelial cell count in eyes that received a room 
temperature BSS, suggesting the induction of damage in 
corneal cells during phacoemulsification; in contrast, reduced 
surgical stress using cooled BSS during phacoemulsification 
was demonstrated by our previous clinical findings.18

Conclusion
Our previous study demonstrated that the use of a cold 
irrigation solution plays a pivotal role in reducing or even 
preventing the damage to corneal endothelial cells during 
phacoemulsification when ultrasound has been used at low 
power in patients with cataracts of degree 3 or higher,18 

classified according to the LOCSIII.15

Taken together, our clinical evidence shows that the 
use of a cold irrigating eye solution plays a protective 
role on the macula, and thus the development of CME 
in eyes undergoing cataract surgery. However, although 
we achieved encouraging results with this low-cost pro-
cedure, the study presents a few limitations, such as the 
small number of eyes, short follow-up, and the proce-
dures being performed by a single surgeon. A longer 
randomized clinical study is necessary to confirm the 
validity of this investigation. Nevertheless, this study 
may pave the way towards the easy diffusion of this 
user-friendly technique.
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