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 Hypothermia perfusion can be used as additional therapy to decrease the 

inflammation of the anterior chamber due to heat generated by 

phacoemulsification ultrasonic energy. This research is aimed to 

evaluate the concentration of Prostaglandin E2 (PGE2) and Interleukin 

1β (IL-1β) in aqueous humor after hypothermic perfusion in 

phacoemulsification. Sixteen New Zealand white rabbits (n=16 eyes) 

were subjected to phacoemulsification ultrasonic energy with the 

temperature of perfusion fluid at 400C (treated group) or 2400C 

(controlled group). Aqueous humor sampling was taken before the 

phacoemulsification procedure and the first-day post-surgery. Rabbit 

PGE2 and IL-1β ELISA Kit (Laboratory of Bioassay Technology) was 

used to examine the levels of PGE2 and IL-1β in aqueous humor. The 

average levels of PGE2 and IL-1β after the procedure were 464.63 ± 

37.87 and 8.93 ± 0.62 pg/ml in the treated group and 490.65 ± 45.19 and 

9.56 ± 1.28 pg/ml in the controlled group, respectively. There was no 

significant difference in the concentration of PGE2 and IL-1β after the 

treatment between the treated and controlled groups (all p>0.05). The 

use of hypothermic perfusion has not been shown to reduce anterior 

chamber inflammation based on PGE2 and IL-1β concentrations in the 

aqueous humor in the early postoperative phase. 

 

 

 

   

 

This work is licensed under a Creative Commons Attribution Non-Commercial 4.0 

International License. 

 

 

1. Introduction 

Phacoemulsification is the most effective cataract surgery technique and has good refraction results and 

minimal surgical wound, although the response to the release of trauma-induced inflammatory mediators 

during phacoemulsification has not been completely eliminated. Ultrasonic energy (US) on 

phacoemulsification has the effect of mechanical and thermal trauma that can cause intraocular 

inflammation during cataract surgery [1]. The heat generated by ultrasound energy in phacoemulsification 

can cause anterior chamber inflammation, corneal edema and corneal decompensation [2]. 



Fitrawan, et.al, 2022                                                                                               Azerbaijan Medical Journal 

 

4366 
 

Inflammation after cataract surgery occurs when the breakdown of the blood-aqueous humor barrier and the 

release of inflammatory mediators into the anterior chamber of the eye. This inflammation peaks on the first 

day after surgery and subsides 2-3 weeks after surgery [3]. Surgical trauma triggers the release of 

inflammatory mediators and proinflammatory cytokines such as prostaglandin E2 (PGE2) and interleukin 

1β (IL-1β). PGE2 has a vasodilating effect and increases the permeability of the blood-aqueous humor 

barrier that triggers the secretion of proinflammatory cytokines into the anterior chamber of the eye [4]. The 

concentration of IL-1β in aqueous humor correlates with the degree of iris damage in laser iridotomy and 

intraocular surgery procedures [5]. 

 

The use of hypothermic perfused fluids can be used as adjunctive therapy to reduce the inflammatory 

reaction during phacoemulsification procedures. Wan et. al., 2019, reported that the use of hypothermic 

perfusion in phacoemulsification was effective in reducing corneal edema and anterior chamber 

inflammation [2]. Meduri et. al., 2021, also reported that the use of cold eye irrigation in 

phacoemulsification was effective in reducing anterior chamber flare, conjunctival hyperemia and pain in 

the early postoperative phase [1]. However, research on the concentration of cytokines and inflammatory 

mediators in the anterior chamber of phacoemulsification with hypothermic perfusion has not been widely 

carried out. 

 

This study aims to determine the effect of hypothermic perfusion on the inflammatory response in the 

anterior chamber after the phacoemulsification procedure by assessing the levels of prostaglandin E2 and 

interleukin 1β in aqueous humor. 

 

2. Materials and Methods 

 

2.1 Study design and settings 

This study is an experimental study in animals with pre- and post-exposure to evaluate the effect of 

intraocular hypothermic perfusion on prostaglandin E2 and interleukin 1β levels in aqueous humor after 

exposure to ultrasonic energy phacoemulsification. This research was approved by the institutional review 

board and ethics committees of the Veterinary Faculty, Universitas Airlangga. Sixteen New Zealand male 

white rabbits (12-15 months old, 2.5-3.0 kg body weight) with no abnormalities in the eyes were randomly 

divided into 2 groups (8 controlled group rabbits and 8 treated group rabbits). The controlled group was 

given intraocular BSS irrigation at room temperature (240C) while the treatment group was given 

hypothermic intraocular BSS irrigation (400C) during phacoemulsification ultrasonic energy exposure. 

 

In the controlled group, rabbit eyes were given BSS which was stored at room temperature (240C) for at 

least 12 hours. Room temperature was measured using a room thermometer. In the treated group, rabbit 

eyes were given BSS at a hypothermic temperature which was stored in a refrigerator set at 40C for at least 

12 hours. The refrigerator temperature was measured using a thermometer. During the phacoemulsification 

process, BSS 40C was put into a cool bag which was given ice gel inside. A digital thermometer is placed in 

the cool bag to determine the BSS temperature during the phacoemulsification process. 

 

2.2 Surgical procedure 

The pupil in the right eye was dilated using cyclopentolate hydrochloride 1% eye drop. Rabbits were 

anesthetized by intramuscular injection of ketamine hydrochloride (35 mg/kg), xylazine (5 mg/kg) and 

topical anesthesia using 0.5% tetracaine hydrochloride. The right eyelid was opened with an eyelid spreader 

and disinfected using 5% povidone-iodine. The surgery was performed randomly by 1 experienced eye 

surgeon using an operating microscope visualization (Appasamy Operating Microscope Brilliant Advent). 
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Clear corneal incisions were made with a 2.75 mm slit knife. Ultrasonic energy exposure procedure on 

phacoemulsification with a modified technique from Nemet et.al., uses a phacoemulsification machine 

(NIDEK CV 9000R). The phaco tip is inserted into the center of the anterior chamber in a bevelled-up 

position without touching the corneal endothelium and anterior lens capsule. Phacoemulsification energy 

using 70% power burst mode panel is given with a total duration of 5 minutes (10 seconds power on and 10 

seconds power off), aspiration flow rate of 25 ml/min and 90 cm bottle height [6]. The corneal incision was 

sutured using 10.0 nylon thread. After surgery, 0.5% levofloxacin eye drops were administered every 3 

hours. 

 

2.3 Collection of anterior chamber aqueous humor 

Aqueous humor collection was performed at the beginning of surgery and 1 day after surgery. 150-200 μl of 

aqueous humor is aspirated into a 1 ml syringe through a parasynthetic incision. Samples were immediately 

stored in a freezer at -800C until assessment. 

 

2.4 Measurement of PGE2 dan IL-1β in aqueous humor 

PGE2 and IL-1β levels in aqueous humor were measured using the Rabbit IL-1β ELISA kit and Rabbit 

PGE2 ELISA kit (Bioassay Technology Laboratory) according to the manufacturer's procedure. 

 

2.5 Statistical analysis 

Statistical software SPSS (version 25.0, SPSS, Inc.) was used for data analysis. Paired sample t-test was 

used to compare the levels of PGE2 and IL-1β before and after the procedure in each group. Independent t-

test was used to compare PGE2 and IL-1β levels between the treated and controlled groups. P values less 

than 0.05 were considered statistically significant. 

 

3. Result 

 

3.1 Prostaglandin E2 aqueous humor levels 

The mean levels of PGE2 pre- and post-phacoemulsification in the treatment group were 553.32 and 464.63 

pg/ml, respectively. Meanwhile, the mean levels of PGE2 pre- and post-phacoemulsification in the control 

group were 585.88 and 490.65 pg/ml (Table 1). Post-phacoemulsification PGE2 levels were significantly 

lower than pre-phacoemulsification levels in each group (p<0.05). However, there was no significant 

difference in post-phacoemulsification PGE2 levels and changes in PGE2 between the treated and 

controlled groups (p>0.05). 

 

Table 1: Distribution of PGE2 aqueous humor levels 

Groups 

Prostaglandin E2 Levels (pg/ml) 

p* PGE2 Change Pre-
Phacoemulsification 

Post-
Phacoemulsification 

Treated 553.32 ± 25.15 464.63 ± 37.87 0.001 88.68 ± 46.22 

Controlled 585.88 ± 36.29 490.65 ± 45.19 <0.001 95.23 ± 36.38 

p** 0.056 0.23  0.75 

*Paired sample t-test; **Independent t-test 

 

3.2 Interleukin 1β aqueous humor levels 

The average levels of IL-1β pre- and post-phacoemulsification in the treated group were 11.23 and 8.93 

pg/ml, respectively. Meanwhile, the average levels of PGE2 pre- and post-phacoemulsification in the 

controlled group were 11.15 and 9.56 pg/ml (Table 2). Post-phacoemulsification IL-1β levels were 

significantly lower than pre-phacoemulsification levels in each group (p<0.05). However, there was no 
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significant difference in post-phacoemulsification IL-1β levels and changes in IL-1β between the treated 

and controlled groups (p>0.05). 

 

Table 2: Distribution of IL-1β aqueous humor levels 

Groups 

Interleukin 1β Levels (pg/ml) 

p* PGE2 Change Pre-

Phacoemulsification 

Post-

Phacoemulsification 

Treated 11.23 ± 1.43 8.93 ± 0.62 0.002 2.3 ± 1.39 

Controlled 11.15 ± 0.84 9.56 ± 1.28 0.003 1.58 ± 1.00 

p** 0.088 0.28  0.26 

*Paired sample t-test; **Independent t-test 

 

4. Discussion 

This study aimed to analyze the effect of hypothermic perfusion on PGE2 and IL-1β levels in aqueous 

humor after exposure to ultrasonic energy phacoemulsification. The results of measuring the PGE2 and IL-

1β levels in aqueous humor post-phacoemulsification in the treated group were lower than those in the 

controlled group, although statistically there was no significant difference. 

 

Hypothermic intraocular irrigation fluid can be used as an alternative therapy to reduce inflammation from 

thermal trauma in phacoemulsification. Hypothermia plays an important role in several mechanisms such as 

reducing metabolic demands, inhibiting the release of free radicals and anti-inflammatory [7]. This 

statement is in accordance with the study by [8], where the inflammatory reaction in the anterior chamber 

on the first day post-phacoemulsification in the hypothermic perfusion group (40C) was lower than in the 

room temperature of the perfusion group (240C). The use of hypothermic perfused fluids during 

phacoemulsification is said to be safe and has a mild inflammatory reaction in the early postoperative phase. 

[2], reported that hypothermic perfusion in phacoemulsification was safe and reduced the inflammation in 

the anterior chamber in the early postoperative phase. The degree of the anterior chamber flare and cells in 

the 40C temperature group was significantly lower than in the 240C temperature group on the first post-

operative day on the experimental rabbits. 

 

Measurements of PGE2 and IL-1β levels of aqueous humor in studies using hypothermic irrigation fluid for 

phacoemulsification has not been widely carried out. PGE2 and IL-1β levels of aqueous humor can be used 

as quantitative parameters of the inflammatory reaction in the anterior chamber of the eye. The increase in 

PGE2 and IL-1β levels of aqueous humor is directly proportional to the increase in the degree of flare and 

cells in the anterior chamber. [9] reported that the administration of a selective prostaglandin E2 receptor 

agonist induced increased the anterior chamber flare in rabbit eyes. [10] reported that the flare intensity and 

fibrin deposition in anterior chamber were significantly lower in the treated group with human recombinant 

IL receptor antagonist (IL-1ra) after phacoemulsification than in the control group. 

 

The results of this study are in line with the study by [11], where there was no significant difference in the 

degree of flare and cells in anterior chamber between the hypothermic perfusion (100C) and room 

temperature (230C) groups on the first postoperative day. The results of the study stated that the use of 

refrigerated BSS had no effect or benefit on the outcome of phacoemulsification. The optimal temperature 

of intraocular irrigation fluid during surgery, especially the phacoemulsification procedure, is still 

controversial [12]. The temperature in the anterior chamber will quickly drop according to the temperature 

of the irrigation fluid if using hypothermic fluid. However, the temperature in the anterior chamber and the 

entire ocular surface will reach normal temperatures within a few minutes after the hypothermic irrigation 

fluid is discontinued [13]. [12] reported that the ionic composition of the irrigating solution influenced more 
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the phacoemulsification outcome and that no effect could be detected from the temperature of the irrigating 

solution. 

 

This study showed that hypothermic intraocular perfusion showed no significant difference in aqueous 

humor PGE2 and IL-1β levels. This may be due to the fact that exposure to ultrasonic energy only causes 

tissue damage located on the corneal endothelium without any damage to the surrounding intraocular tissue 

[6], [14]. This damage is thought to have not yet induced high release of PGE2 and IL-1β in aqueous 

humor. [15] reported that there was a significant increase in PGE2 levels in aqueous humor in 

phacoemulsified baboon eyes compared to controlled group. That study also found a significant increase in 

PGE2 levels in aqueous humor in the installed introcular lens compared to without the introcular lens 

installed. In the ocular tissues, IL-1β is synthesized by several ocular and lens epithelial cells and detected 

in the aqueous humor after introculous lens implanted in rabbits [16]. [17] reported that aqueous humor IL-

1β levels in eyes with mild iris damage were significantly higher than in eyes without iris damage. From 

these data, it can be assumed that the entire phacoemulsification procedure and installing intraocular lens 

resulted in more trauma to the intraocular tissues and induced higher PGE2 and IL-1β synthesis in the 

aqueous humor. 

 

In this study, PGE2 and IL-1β levels of aqueous humor post-phacoemulsification were lower than pre-

phacoemulsification in each group. In phacoemulsification, aqueous humor will be replaced by irrigation 

fluid after the phacoemulsification procedure is complete. Theoretically, aqueous humor outflow in rabbit 

eyes is reported to be between 2.75-3.66 ml/min [18]. From these data it can be assumed that aqueous 

humor will completely replace in the anterior chamber on the first post-operative day where the aqueous 

humor volume is 0.25-0.30 ml in rabbit eyes [18]. 

 

The eye has mechanisms to limit excessive levels of prostaglandins in aqueous humor such as the presence 

of the enzyme PG 15-dehydrogenase which plays a role in inactivating prostaglandins and most of the 

production of prostaglandins by active transport through the ciliary body [19]. It is this well-functioning 

active transport mechanism that may be responsible for lower aqueous humor PGE2 levels on the first post-

operative day. 

 

The release of IL-1β by macrophages is controlled by NF-κβ as a major transcription factor [20]. One study 

reported that the expression of NF-κβ protein in the cell nucleus was highest at 12 hours after exposure to 

ultrasonic energy phacoemulsification in in vitro trabecular meshwork culture. After 24 hours, there was a 

decrease in NF-κβ protein expression [21]. This may cause low aqueous humor IL-1β levels on the first 

post-operative day in each group. 

 

The secretion of IL-1β in a tissue can stimulate the production of other inflammatory mediators such as 

PGE2 [22]. IL-1β has been shown to induce cytoplasmic nuclear translocation of NF-κβ, resulting in 

increased transcription of COX-2 [23], [24]. Increased COX-2 activity in the arachidonic acid cascade will 

increase PGE2 synthesis [25]. This is in accordance with the data of this study where the changes in IL-1β 

levels in the treated group were higher than the controlled group. While the change in PGE2 levels in the 

treated group was lower than the controlled group. This indicates that decreased levels of IL-1β in aqueous 

humor will reduce the stimulation of PGE2 production in aqueous humor. 

 

The limitation of current study 

This study did not evaluate the expression of PGE2 and IL-1β on corneal endothelial cells so that we could 

not determine the direct effect of hypothermic perfusion on corneal endothelial cells. Further studies are 
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also suggested to investigate other inflammatory cytokines such as IL-8 and TNF-α in aqueous humor after 

phacoemulsification with hypothermic perfusion. 

 

5. Conclusions 

This study showed that the use of hypothermic perfusion was not proven to reduce anterior chamber 

inflammation based on PGE2 and IL-1β concentrations in the aqueous humor in the early post-operative 

phase. 
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