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Abstract: 
The purpose of this systematic review was to evaluate the literature regarding prophylactic 

treatment of intraocular pressure elevation after uncomplicated cataract surgery, to provide an 

evidence-based guideline for cataract surgeons.  

The relevant literature was identified in Embase and PubMed. The risk of bias was assessed 

according to the "Cochrane Handbook for Systematic Reviews of Interventions" and the ROBINS-I 

tool. The GRADE criteria were used to rate the quality of evidence, and relevant data was 

systematically extracted to evaluate the pressure-lowering effect of the active substances. The 

primary outcomes for this systematic review were the absolute and relative pressure-lowering effect 

of the different drugs after 3 to 8 hours and one day after surgery. In total, 23 Randomized 

Controlled Trials (RCT) and 1 Non-Randomized controlled Study (NRS) consisting of 45 treatment 

arms with 14 different active substances were included in the qualitative synthesis. According to the 

GRADE criteria, 9 trials were graded as "high" quality of evidence, 12 trials as "moderate", while 3 

trials were given the grade "low" quality of evidence. The primary outcomes showed most 

consistency between the trials, which studied the effect of timolol, and presented a relative effect 

from 18.6 to 29.6% at 3 to 8 hours and 9.8 to 23.6% at day 1.  

This systematic review indicate that timolol, latanoprost and travoprost alone or medications 

containing timolol as an additive active substance, such as dorzolamide+timolol, 

brinzolamide+timolol and brimonidine+timolol are characterized by a good relative IOP-lowering 

effect, which can be gained by a single dose postoperatively. 
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Introduction: 
Cataract is the leading cause of blindness and low vision worldwide, and cataract surgery is the 

most commonly performed surgical procedure, with more than 2 million surgeries per year in the 

United States alone (Johnson et al. 2012). The preferred technique today for this procedure involves 

the use of phacoemulsification, ophthalmic viscosurgical devices (OVD), and implantation of a 

foldable intraocular lens (IOL) (Leaming 2004). A major concern regarding this technique is the 

related intraocular pressure (IOP) elevation in the early postoperative period (Thirumalai & 

Baranyovits 2003; Kohnen et al. 1996). A postoperative elevated IOP is very common, resulting in 

IOP spikes >30mmHg within the first 24 hours in up to 26% of eyes operated with the technique 

mentioned above (Balsak et al. 2018). However, the severity of an elevated IOP, after 

uncomplicated cataract surgery in an otherwise healthy eye, is still up for debate (Tranos et al. 

2003; Hjortdal et al. 2015; Tranos, Bhar & Little 2004).  

A good surgical technique, and especially total removal of the OVD, is essential to reduce the 

postoperative IOP increase (Jacobi et al. 1997). Nevertheless, this is not always enough to avoid 

pressure spikes, and therefore IOP-lowering medications have found their eligibility as prophylaxis 

after cataract surgery (Bomer, Lagreze & Funk 1995). 

In this systematic review, we focus on the possibilities to use pressure-lowering prophylactic 

medication as a supplement in the treatment of postoperative elevated IOP. To illustrate the 

different approaches and missing guidelines in this field, Zamvar and Dhillon made a survey in 

2003 across the UK. This unfolded that the surgeons, who prescribed some form of pressure-

lowering medication as routine prophylaxis, and those surgeons who did not, equally based their 

actions on what they believed was evidence. In the group of surgeons that prescribed prophylactic 

medication, the majority preferred to use oral Diamox® (a carboanhydrase inhibitor), but several 

other pressure-lowering medications were also used (Zamvar & Dhillon 2005). Beta-blockers, 

prostaglandin analogues, alfa-2-agonists, carbonic anhydrase inhibitors and different combinations 

of the above have all been used to reduce the IOP in the early postoperative period after cataract 

surgery (Crawley et al. 2012). A literature search reveals multiple clinical trials, regarding the effect 



of different pressure-lowering medications, in relation to IOP elevation after cataract surgery. To 

the best of our knowledge, a systematic review on this subject has not previously been performed.  

Therefore, the aim of this systematic review was to evaluate the literature regarding prophylactic 

treatment of intraocular pressure elevation after uncomplicated cataract surgery, to provide an 

evidence-based guideline for all cataract surgeons.  

 

Methods: 
This systematic review was registered in the international prospective register of systematic reviews 

PROSPERO on September 28th 2018 (ID: CRD42018108814), and performed according to the 

Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA). 

 

Search strategy and trial selection:  

Relevant literature was identified through a systematic search in the databases Embase and 

PubMed. The search string included keywords describing an intervention, a setting and an outcome 

(Appendix 1). Filters or date limits were not used. After duplicates were removed, the main 

reviewer (JLH) screened all headings and abstracts, and the remaining articles were imported into 

http://www.covidence.org for handling full text screening. In case of doubt of eligibility, this was 

discussed with another member of the review team (AHV). To search for grey literature (not 

published in peer-reviewed journals) we searched http://www.opengrey.eu and 

http://www.greylit.org without any further results. 

Published clinical trials were selected based on the following inclusion criteria: 1.Randomized 

controlled trials (RCT) were preferred, but good quality prospective non-randomized studies (NRS) 

were taken into consideration. 2. Adults undergoing uncomplicated cataract-surgery with modern 

surgery technique consisting of phacoemulsification, foldable IOL and the use of OVD. 3. 

Prophylactic treatment with an IOP-lowering drug and IOP measurements before and after surgery. 

4. A description of the drug class, active substance or sales name, along with the time for 

administration, dose and the time for measurement of the effect. 5. Full text available in English or 

German. Exclusion criteria were: 1. Patients with other conditions known to affect the intraocular 

pressure such as glaucoma, exfoliation syndrome or pigment dispersion. 2. Previously operated eyes 

3. Clinical trials made before 1980 because of the invention of OVD. 

 

 



Data extraction:  

Relevant data was extracted to an Excel form, and included: Author, year of publication, study 

design, number of patients, location, drug class, active substance, sales name, concentration, 

administration dose, time for administration, preoperative IOP measured within 24 hours before 

surgery, IOP 3 to 8 hours postoperative in intervention and control group, IOP at day 1 

postoperative in intervention and control group, number of major intraocular pressure spikes in 

intervention and control group, reported severe side effects. 

 

Qualitative assessment:  

The "Cochrane Handbook for Systematic Reviews of Interventions" version 5.1.0 chapter 8 (CRB) 

was used to assess the risk of bias for the included RCTs, and graded as "low risk", "unclear risk" or 

"high risk" addressing the following types of bias: (Higgins & Green 2011) 

- Random sequence generation (selection bias) 

- Allocation concealment (selection bias) 

- Blinding of participants and personnel (performance bias) 

- Blinding of outcome assessment (detection bias) 

- Incomplete outcome data addressed for 3 to 8 hours (attrition bias) 

- Incomplete outcome data addressed for day 1 (attrition bias) 

- Selective reporting (reporting bias) 

- Other sources of bias 

 

The ROBINS-I tool was used for non-randomized studies (Sterne et al. 2016). Here, the risk of bias 

was graded as "low", "moderate", serious", "critical" or "NI" (No Information) for the following 

types of bias: 

- Confounding 

- Selection of participants into the study 

- Classification of interventions 

- Deviations from intended interventions 

- Missing data 

- Measurement of outcomes 

- Selection of the reported result 

- Overall bias 



 

Also, the GRADE (Grading of Recommendation, Assessment, Development and Evaluation 

Working Group) criteria were used to rate the quality of evidence. This includes a grading of risk of 

bias, inconsistency, indirectness, imprecision and publication bias, ending up with a final grading of 

"high", "moderate", "low" or "very low", regarding the quality of evidence. For example, a RCT 

can be downgraded from high to lower quality of evidence, if the result is inconsistent in 

comparison to a number of other trials studying the same effect. Conversely, it is possible for a 

NRS to be upgraded from moderate quality of evidence to high quality of evidence, if the study 

includes a large number of patients, and present a large scale statistically significant effect 

(Schünemann et al. 2013). 

 

Outcomes: 

The primary outcomes for this systematic review were the absolute IOP-lowering effect and the 

relative IOP-lowering effect of the different drugs after cataract surgery. The absolute effect, after 

both 3 to 8 hours, and at day 1, was calculated for each treatment arm, by subtracting the mean 

change in IOP (delta IOP) in the intervention group, from the mean change in IOP (delta IOP) in the 

control group. From this, the relative effect was derived, by dividing the absolute effect with the 

mean IOP (control) at 3 to 8 hours and at day 1 respectively, and multiplied by 100. Secondary 

outcomes were number of patients presenting with major IOP spikes (>30mmHg), relative 

difference in major IOP spikes between intervention group and control group, and registration of 

severe side effects, such as confusion, liver failure, depression, bradycardia etc. (table 1) 

 

Results: 
Design and characteristics:  

The literature search identified 1182 records in Embase (746 items; Date: December 21th 2018) and 

PubMed (436 items; Date: December 12th 2018), which were reduced to 1064 after the removal of 

118 duplicates. The screening by headings and abstracts found 42 articles qualified to assessment 

for eligibility in full-text. In this process, 24 studies were included in the qualitative synthesis, and 

18 were excluded due to the following: Not available in English/German, wrong intervention, 

several interventions mixed, wrong setting (ECCE or PMMA IOL), surgery technique not 

described, no control group or not enough data (Figure 1). 

In total, 23 of the 24 articles were RCTs, and the last study included was a good quality NRS. The 



24 articles reported on 45 treatment arms, with 14 different active substances as the intervention: 

Timolol, bimatoprost, latanoprost, travoprost, acetazolamide, dorzolamide, brinzolamide, 

apraclonidine, brimonidine, latanoprost+timolol, dorzolamide+timolol, brinzolamide+timolol, 

brinzolamide+brimonidine and brimonidine+timolol. None of the included studies involved miotics 

or osmotic agents, and only three studies referred to systemic use of carboanhydrase inhibitors 

(acetazolamide). The rest of the studies included only treatment with eye drops or eye gel. 

Each trial were given a number from 1 to 24, and each treatment arm within the trial were given a 

letter (A, B, C...), which can be seen in table 1, figure 2 and figure 3. 

Overall, 2333 eyes of 2228 patients were involved, with 1564 eyes exposed for the 14 different 

interventions, and 769 eyes participating in control groups. The intervention groups ranged from 20 

to 150 eyes, and all the studies included a control group (range: 20 to 83 eyes). The mean 

preoperative/baseline IOP for the 1564 eyes ranged from 12.3 to 16.8mmHg, and for the 769 eyes 

from 13.2 to 18.6mmHg. This could indicate higher preoperative IOP measurements in the control 

groups. But a calculated preoperative mean IOP for all trials, weighted according to number of eyes 

in each trial, reveals more similar values for the intervention group (14.6mmHg) and control group 

(14.8mmHg). Postoperatively, the intervention group of 1564 eyes had a mean IOP ranging from 

11.2 to 23.0mmHg at 3 to 8 hours, and a mean IOP ranging from 12.2 to 21.9mmHg at day 1. The 

weighted postoperative mean for all intervention groups was calculated to 17.8mmHg at 3 to 8 

hours and 14.4mmHg at day 1. In the control group of 769 eyes, mean IOP ranged from 16.6 to 

32.5mmHg at 3 to 8 hours postoperative, and from 13.9 to 22.1mmHg at day 1. The weighted 

postoperative mean for all control groups was calculated to 21.5mmHg at 3 to 8 hours and 

17.6mmHg at day 1. It should be mentioned, that the calculated weighted mean values above, could 

be flawed with minor deviations, while we were not in possession of the raw data from the trials. 

The majority of the eyes in 34 treatment arms received the medication postoperatively and only 11 

treatment arms started the medication pre-operatively. Of the 11 treatment arms, five of them also 

administered medication after the surgery (table 1).  

 

Risk of bias assessment:  

Is summarized in figure 3 and 4 for the RCTs, and in figure 5 for the one NRS. After grading the 

RCTs, we had 116 gradings regarding "low risk" of bias, 60 were graded as "unclear risk" of bias, 

and eight were graded as "high risk" of bias. The selection bias categories "random sequence 

generation" and "allocation concealment" were especially characterized by many "unclear risk" of 



bias gradings. Most of the "high risk" of bias gradings were found in the category "other sources of 

bias", while the rest of the categories were characterized by "low risk" of bias gradings. The NRS 

was graded "moderate risk" of bias in the categories "confounding" and "overall bias", and "low 

risk" of bias in the rest of the categories. 

 

Quality of evidence assessment:  

On the basis of the GRADE criteria, which incorporate the risk of bias assessment, the studies were 

categorized as "low", "moderate" or "high" quality of evidence. No studies fulfilled the criteria for 

upgrading quality of evidence, but several of the RCTs were downgraded from "high" to 

"moderate" or "low", due to one or more of the five criteria seriously affected or one criteria very 

seriously affected.  To summarize, nine trials were judged as "high" quality of evidence, 12 trials as 

"moderate", while three trials were given the judgment as "low" quality of evidence (table 1). 

 

Primary outcomes:  

All the included studies reported the mean preoperative IOP, the IOP at 3 to 8 hours (except Kocak, 

A et al. and Onal, S et al.) and the IOP at day 1 for the intervention group and control group 

respectively. The absolute effect and relative effect are presented in Table 1, and the relative effect 

at 3 to 8 hours and day 1 are illustrated in figure 2.  

 

Beta-blockers:  

All three studies evaluating the effect of timolol found a significant absolute effect from 4.4 to 

10.1mmHg, and a relative effect from 18.6 to 31.1% at 3 to 8 hours. At day 1, the absolute effect 

was from 2.0 to 4.3mmHg and the relative effect from 9.8 to 23.6% (Borazan, Karalezli & Akman 

2007; Cagini et al. 2014; Schwenn, Xia & Krummenauer 2001). The quality of evidence (GRADE) 

for this was relative high, only with the study by Schwenn et al. downgraded to moderate quality, 

because of a serious risk of bias using the ICare tonometer, which has less correlation with 

Goldmann applanation tonometry at high IOPs (Muttuvelu, Baggesen & Ehlers 2012; Gao et al. 

2017; Munkwitz et al. 2008). Two of the treatment arms reported on timolol 0.5% administered as 

eye drops, and two treatment arms presented results on timolol 0,1% and 0,25% administered as a 

gel. When taking the GRADE criteria into consideration, it seemed, that the quality of evidence 

favored the effect of 0,25% timolol administered as a gel (table 1 and figure 2). 

 



Prostaglandin analogues:  

The prostaglandin analogues was studied in 6 treatment arms, and had an absolute effect from 0.5 

(NS = not statistically significant according to trial authors - Table 1) to 3.6mmHg, and a relative 

effect from 2.5 (NS) to 20.9% at 3 to 8 hours. At day 1 the absolute effect was 1.8 (NS) to 

4.5mmHg and the relative effect 11.5 (NS) to 25.7%. Individually, trials studying bimatoprost, 

graded as moderate to high quality of evidence, demonstrated no statistically effect at all (Arici et 

al. 2006), or only at day 1, with a relative effect on 20.2% (Unal 2008), in contrast to latanoprost 

and travoprost, which presented good relative effect in four treatment arms, with moderate to high 

quality of evidence both at 3 to 8 hours (14.7 to 20.9%) and day 1 (12.5 to 25.7%)(Arici et al. 2006; 

Erdogan, Toker & Arici 2004; Ermis & Ozturk 2005) (table 1 and figure 2). 

 

Carboanhydrase inhibitors:  

Nine trials consisting of 13 treatment arms looked into the effect of the carboanhydrase inhibitors. 

As a group, the carboanhydrase inhibitors demonstrated an absolute effect from 0.7 (NS) to 

5.8mmHg, and a relative effect from 3.6 (NS) to 28.0% at 3 to 8 hours. At day 1, the absolute effect 

was -2.8 (NS) to 5.4mmHg, and the relative effect -15.7 (NS) to 30.0%. 

The only oral administrated medication included in this review was oral acetazolamide. In two 

studies, with moderate and high quality, respectively, a good relative effect of acetazolamide was 

demonstrated after 3 to 8 hours (19.8 to 24.4%) and at day 1 (16.4 to 25.9%). This effect was 

accomplished by giving 500mg preoperative and 250mg every 6 hours after the surgery in one 

study, and 250mg postoperative and after 12 hours in another study (Dayanir et al. 2005; Borazan, 

Karalezli & Akman 2007). In contrast, a trial, graded as low quality of evidence, showed no 

statistically significant effect of oral acetazolamide after 3 to 8 hours, but a relative effect of 15.5% 

at day 1. In this study the patients received the medication postoperative and every 8 hours until day 

1 (Scuderi et al. 2006). Regarding dorzolamide, only one of the trials met the inclusion criteria, and 

presented data for 3 to 8 hours, with a relative effect of 28.0% and with high quality of evidence 

(Schwenn, Xia & Krummenauer 2001). Together with two other treatment arms, graded as 

moderate quality of evidence, there were also an effect at day 1 (9.4 to 16.4%), while one study of 

moderate quality, did not show any effect (Kocak Altintas, Anayol & Cakmak 2007; Onal, Gozum 

& Gucukoglu 2005). Six of the treatment arms investigated the effect of brinzolamide. Except one 

study, graded low quality of evidence (Cetinkaya & Akman 2004), the remaining five studies all 

demonstrated a significant relative effect after 3 to 8 hours (16.8 to 24.0%), and four of them also at 



day 1 (13.1 to 30.0%) (Kir & Cakmak 2008; Ermis & Ozturk 2005; Borazan, Karalezli & Akman 

2007; Dayanir et al. 2005) (table 1 and figure 2). 

 

Alfa-2-agonists:  

Regarding the alfa-2-agonists as a group, the absolute effect was -0.1 (NS) to 6.0mmHg, and the 

relative effect was -0.5 (NS) to 23.1% at 3 to 8 hours. At day 1 the alfa-2-agonists had an absolute 

effect from -2.2 (NS) to 4.5mmHg, and a relative effect from -10.9 (NS) to 27.4%. 

None of the three studies with apraclonidine indicated good effect, as an IOP-lowering medicine in 

the early postoperative period after cataract. These studies were graded as low to moderate quality 

of evidence (Onal, Gozum & Gucukoglu 2005; Kasetti, Desai & Sivakumar 2002; Scuderi et al. 

2006). Brimonidine was studied in seven trials with widely different results. Three trials, graded 

both low, moderate and high in quality of evidence, showed no effect at all (Cetinkaya & Akman 

2004; Rainer et al. 2000; Schwenn, Xia & Krummenauer 2001), while four trials, graded moderate 

and high in quality of evidence, presented good relative effect both at 3 to 8 hours (15.0 to 23.1%) 

and day 1 (10.1 to 27.4%) (Erdogan, Toker & Arici 2004; Katsimpris et al. 2003; Ozkurt et al. 

2008; Borazan, Karalezli & Akman 2007). Two of the studies, which demonstrated good effect, 

were administered more than one time postoperative (table 1 and figure 2). 

 

Fixed combination medications:  

Overall, the fixed combination medications showed an absolute effect from 0.2 (NS) to 9.1mmHg, 

and a relative effect from 1.0 (NS) to 41.8% at 3 to 8 hours, while the absolute effect was 2.4 to 

7.4mmHg, and the relative effect was 15.6 to 33.7% at day 1. 

This included the trials investigating dorzolamide+timolol with a significant relative effect at 3 to 

8 hours (32.9 to 41.8%) and day 1 (23.1 to 27.8%) (Erdogan et al. 2011; Ozkurt et al. 2008; Turk et 

al. 2015; Schwenn, Xia & Krummenauer 2001). Brinzolamide+timolol was studied in three trials 

(Georgakopoulos, Makri & Plotas 2013; Ornek et al. 2013; Balsak et al. 2018). These also 

presented a marked effect at 3 to 8 hours (20.5 to 36.5%) and day 1 (18.8 to 33.5%). Finally, 

timolol was included as an additive active substance in the study of brimonidine+timolol, which 

also showed good relative effect both at 3 to 8 hours (15.9 to 29.6%) and day 1 (16.5 to 33.7%) 

(Pharmakakis et al. 2011; Turk et al. 2015; Balsak et al. 2018). As a relatively new medication 

brinzolamide+brimonidine was studied in only one trial, graded as high quality of evidence. The 

trial demonstrated good relative effect at 3 to 8 hours (21.0%) and at day 1 (17.2%) 



(Georgakopoulos et al. 2018). All the above trials, with different kinds of fixed combination IOP-

lowering medications, were assessed for risk of bias, and all ended up with a final quality of 

evidence grading from "moderate" to "high". Contrary, a trial regarding latanoprost+timolol and 

dorzolamide+timolol did not show a statistic significant effect at 3 to 8 hours, but only a relative 

effect on 15.6 to 17.1% at day 1 (Erdogan et al. 2011). These two studies were due to serious risk of 

bias, and inconsistency across studies compared with dorzolamide, latanoprost and timolol alone, 

given the grading "low" in quality of evidence (table 1 and figure 2). 

 

Secondary outcomes:  

We identified 16 trials with 36 treatment arms, which specifically reported the number of major 

IOP peaks >30mmHg. One of the study arms (Balsak et al. 2018) had major IOP peaks in 12 

patients, which represented 26% of the patients  in the control group at 3 to 8 hours. In contrast, 

nine treatment arms reported of no patients with major IOP peaks in the control group at 3 to 8 

hours, while 18 treatment arms found no patients with major IOP peaks in the intervention group. 

This indicates a tendency towards fewer incidents in the intervention groups, but none of these data 

were qualified for further quantitative assessment. Regarding severe side effects, 14 studies 

commented on this, and no severe side effects were reported in these studies (table 1). 

 

Discussion: 
The overall aim of this review was to retrieve as clinically relevant information as possible, 

concerning modern cataract surgery and the prophylactic effect of different pressure-lowering 

medications. We strived for conditions with a homogeneous setting, only evaluating trials using a 

surgical technique consisting of phacoemulsification, OVD, and implantation of foldable IOLs. 

We found 23 RCTs and a one good quality NRS, consisting of 45 treatment arms, with 14 types of 

pressure lowering medications represented. In the majority of the treatment arms, a statistical 

significant IOP reduction was demonstrated (table 1) for the active substance examined, and no 

severe side effects were reported. 

 

To compare these results with other reviews, a systematic review and meta-analysis concluded, that 

pressure-lowering perioperative medication, for preventing temporarily increased IOP after Argon 

laser trabeculoplasty (ALT), was favored over a placebo/no medication group. This was 

demonstrated by a mean difference of 7.43mmHg (95% CI 4.27 to 10.60) at two hours 



postoperative, and a mean difference of 5.32mmHg (95% CI 3.28 to 7.37) between two and 24 

hours postoperative (Zhang, Weizer & Musch 2017). In other studies of IOP elevation after cataract 

surgery in eyes with glaucoma, both oral acetazolamide (Hayashi et al. 2017; Fogagnolo et al. 

2012), brimonidine (Kandarakis et al. 2010) and timolol (Levkovitch-Verbin et al. 2008) showed a 

statistic significant pressure-lowering effect at 3 to 8 hours after cataract surgery. 

In this review, we only covered measurements at 3 to 8 hours and at day 1 after the surgery, which 

demonstrated good pressure-lowering results for medications containing timolol. Some trials, 

studying the 24-hour effect of timolol on glaucoma patients, presented results of timolol being less 

effective during the night compared to bimatoprost, latanoprost and brinzolamide (Liu et al. 2016; 

Oddone et al. 2015; Liu et al. 2009). In contrast to this, a meta-analysis suggested, that topical 

timolol therapy provided a consistent IOP-lowering effect over the 24-hour curve, including the 

nighttime hours (Lee et al. 2010). 

Even though we were able to include 23 RCTs into the systematic review, there are some points 

concerning the risk of bias assessment, which comes into focus. The lack of description regarding 

the randomization and concealment process was disappointing, with only four trials describing 

these selection bias, despite seemingly the randomization was done. 

Regarding safety, only a few studies mentioned asthma, as an exclusion criterion to medications 

containing timolol, and none of the studies with carbonic anhydrase inhibitors mentioned kidney 

disease as an exclusion criterion. Timolol (beta-blockers) and carbonic anhydrase inhibitors are 

contraindicated for these conditions. 

The divergent results between some of the study-arms indicate, that other factors also influence the 

IOP in the near postoperative period after cataract surgery. A main factor here, could be the use of 

more than one surgeon without randomization between them (Bomer, Lagreze & Funk 1995). We 

have graded this as a serious bias that downgrades a trial in the quality of evidence.  

Of the 24 trials, 16 were carried out in Turkey, and some authors participated in more than one trial.  

With this in mind, publication bias across studies must be suspected. We did not detect a correlation 

between these studies, regarding more positive or negative outcomes, compared to the other studies. 

Furthermore, we are not aware, that patients from Turkey have higher or lower incidents of pressure 

elevation than others after cataract surgery, and thereby influence as a bias. From another point of 

view, one could argue, that the many trials made in the Mediterranean area, make the trials more 

comparable. 

To minimize bias in our own review, we could have had more than one main-reviewer, and not only 



discussed the review results with another member of the review-team, when in doubt. An important 

bias in our review was the number of doses administered in the trials within the 24 hours 

postoperative period, which differed within some of the medication groups (table 1). Also the use of 

different types of OVDs between the trials, such as dispersive OVD versus cohesive OVD and 

different concentrations of OVD, could change the physical and mechanical properties, and thereby 

affect the postoperative IOP (Rainer et al. 2008; Kocak-Altintas et al. 2007). 

As secondary outcomes, we recorded data for severe side effects, and number of major IOP spikes 

in the intervention and control groups. These data did not qualify for further analysis, but it could be 

discussed, if the ability to lower the proportion of major IOP spikes is a better indicator of 

usefulness for a prophylactic medication, than the absolute and relative effect, as IOP spikes might 

harm the optic nerve more than a moderate elevated IOP. In this context IOP ranges or mean values 

do not give us a number of, how many patients have been in risk due to major IOP spikes. 

Compared to the trials included in this review, a trial studying the effect to lower the proportion of 

major IOP spikes requires around one thousand patients, if we expect a statistic significant 

reduction from 10% in the control group to 5% in the intervention group (Kohn 2018).  

We have tried to give an overview, which can be used as an evidence-based guideline for those 

surgeons, who prefer to administer prophylactic IOP-lowering medication after uncomplicated 

cataract surgery. The relevance is debatable, since the IOP elevation seems to be quite short, and 

presumably does no harm to an otherwise healthy eye (Tranos, Bhar & Little 2004), and should also 

be weighed against potential side effects of the medication. This can also be seen in the included 

trials, in which most control groups have much less major IOP spikes at day 1, compared to 3 to 8 

hours postoperative. In the material available, we have not been able to identify patients with high 

risk of IOP elevation or specific patients, which benefit from the prophylactic treatment. 

Deductively, undiagnosed glaucoma patients, and maybe steroid-responders might benefit from the 

prophylactic treatment 

In the future, upcoming studies on this subject should investigate pressure-lowering substances, not 

covered in this review. Especially the effect of dorzolamide at 3 to 8 hours, could be very useful, 

and also trials investigating the effect of latanoprost+timolol, which is only studied in one trial with 

low quality of evidence, and showed less effect than latanoprost and timolol alone. Trials studying 

the effect to lower the proportion of major IOP spikes would also generate useful information, 

because this could be more informative than trials finding mean differences. 

 



In conclusion, the results of this systematic review indicate that timolol alone, or medications 

containing timolol as an additive active substance, such as dorzolamide+timolol, 

brinzolamide+timolol and brimonidine+timolol, are characterized by a good relative IOP-lowering 

effect in the near postoperative period after cataract surgery. With a moderate to high quality of 

evidence, this effect can be gained by a single dose postoperatively. Latanoprost and travoprost also 

show good results with only one dose administered, while dorzolamide and 

brinzolamide+brimonidine look promising, but need further trials to support this. Other active 

substances like acetazolamide (oral), as well as brinzolamide and brimonidine also have good 

pressure-lowering effect, especially with more than one dose during the first 24 hours. Finally, 

active substances like apraclonidine, bimatoprost and latanoprost+timolol are less effective, or need 

additional testing to qualify for recommendation for treatment of IOP elevations after cataract 

surgery. 
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Table 1: Extracted and calculated data from included trials. 
 

 



 
 

  



Legends to figures: 
Table 1: Extracted and calculated data from included trials. 

No.: Trial-number followed by a letter for each study arm within the trial; Year: Year of 

publication; Eyes (int.): Eyes in intervention group; Eyes (con): Eyes in control group; 

Dose/Conc.: Dose/concentration for active substance; Time for adm.: Time for administration 

(pre-operative or post-operative + extra times for administration); ΔIOP diff. 3 to 8h/Day 1: 

Absolute effect for 3 to 8 hours and day 1; ±SD: Plus/minus Standard deviation; p-value: p-value 

for statistical difference between intervention group and control at 3 to 8 hours and at day 1; IOP 

Diff-% 3 to 8h and day 1: Relative effect for 3 to 8 hours and day 1; RCT: Randomized Controlled 

Trial; NRS: Non-Randomized Study; NR: Not Reported; NS: Not Statistical Significant 
 
Fig. 1: Flow diagram of published records regarding pressure-lowering medications to prevent IOP 

elevation after cataract surgery. 

 

Fig. 2: Relative effect of pressure-lowering eye-drops in percent at 3 to 8 hours (black) and at day 1 

(grey) for each treatment arm named by study number and active substance. *: More than one dose 

within 24 hours postoperative. 

 

Fig. 3: Cochrane Risk of Bias assessment tool for RCTs: Review author’s judgments of risk of bias: 

Green dot:“Low risk” of bias, Yellow dot: “Unclear risk" of bias, Red dot: “High risk” of bias. 

 

Fig. 4: Cochrane Risk of Bias assessment tool for RCTs: Review author’s judgment profile of risk 

of bias in percentages. Green color: Percentage of "Low risk" of bias judgments, Yellow color: 

Percentage of "Unclear risk" of bias judgments, Red color: Percentage of "High risk" of bias 

judgments. 

 

Fig. 5: ROBINS-I assessment tool for NRS: Review author’s judgements of risk of bias: Green dot: 

“Low risk” of bias, Yellow dot: “Moderate risk” of bias, Red dot: “Serious risk” of bias.  



Appendix 1: 
Search strategies in databases: 

 

OR within blocks 

AND between blocks 

 

Block 1 IOP; intraocular pressure 

Block 2 cataract; phacoemulsification 

Block 3 betaxolol; Betoptic; timolol; Optimol; Timogel; 

Timosan; Aquanil; Nyogel; Oftamolol; Timacar; 

bimatoprost; Lumigan; Ganfort; travoprost; Bondulc; 

Izba; Travatan; Duotrav; latanoprost; Monoprost; 

Xalatan; Latacomp; Latanostad; Latiotim; Xalcom; 

Alatopram; Xalacom; Latanomol; tafluprost; Taflotan; 

Taptiqom; Saflutan; acetazolamide; Diamox; Glaupax; 

Dorzolamide; Dorzostill; Trusopt; Duokopt; Cosopt; 

Costad; Brinzolamide; Azopt; Azarga; Simbrinza; 

Brimonidine; Combigan; brimonidine tartrate; 

Brimonidintartrat; Alphagan; Glaudin; Apraclonidine; 

Iopidine; Brimoratio; pilocarpine; Fotil; Timpilo; 

glycerol; mannitol 

 

 

  



Search string for PubMed: (date: December 12th 2018) 

((((IOP OR (intraocular pressure)))) AND ((cataract OR phacoemulsification))) AND ((betaxolol or 

Betoptic or timolol or Optimol or Timogel or Timosan or Aquanil or Nyogel or Oftamolol or 

Timacar or bimatoprost or Lumigan or Ganfort or travoprost or Bondulc or Izba or Travatan or 

Duotrav or latanoprost or Monoprost or Xalatan or Latacomp or Latanostad or Latiotim or Xalcom 

or Alatopram or Xalacom or Latanomol or tafluprost or Taflotan or Taptiqom or Saflutan or 

acetazolamide or Diamox or Glaupax or Dorzolamide or Dorzostill or Trusopt or Duokopt or 

Cosopt or Costad or Brinzolamide or Azopt or Azarga or Simbrinza or Brimonidine or Combigan or 

brimonidine tartrate or Brimonidintartrat or Alphagan or Glaudin or Apraclonidine or Iopidine or 

Brimoratio or pilocarpine or Fotil or Timpilo or glycerol or mannitol)[all] 

 

 

  



Search string for Embase: (date: December 21th 2018) 

 

 
  



Figure 1: Flowchart of literature search and study selection 

 
 
  



Figure 2: Diagram of relative effect at 3 to 8 hours and day 1 

  



Figure 3: Risk of bias judgments for RCTs 

 
  



Figure 4: Risk of bias judgment profile of RCTs 

 
 

 

 

 

Figure 5: Risk of bias judgments for NRS 
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