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Pharmaceutical waste associated with cataract surgery constitutes unnecessary financial 26 

and environmental costs.1 The American Academy of Ophthalmology (AAO) has published 27 

recommendations supporting the use of multidose eyedrops in the perioperative setting to 28 

minimize waste, cost, and environmental impact.2 Despite these recommendations, many 29 

practices continue to require single-use eyedrops for cataract surgery due to fear of cross-30 

contamination between patients. No large prospective study has assessed whether contamination 31 

occurs when a multidose bottle is used by a trained ophthalmic technician (OT) for multiple 32 

patients undergoing cataract surgery during the same day. 33 

The Aravind Eye Care System (AECS) is the largest eye care system in the world and is 34 

recognized worldwide for its innovative eye care models that deliver safe, efficient, cost-35 

effective, high volume cataract surgery while also minimizing environmental costs.3 Among 36 

various strategies aimed at waste reduction, AECS trains and employs OTs who routinely 37 

administer preoperative eyedrops from multidose containers to multiple patients. In this 38 

observational study, we used video recordings and bacterial cultures to assess the safety and 39 

efficacy of multidose preoperative eyedrops administered by OTs. The primary purpose was to 40 

assess for bottle tip contamination. A secondary aim was to assess for factors affecting 41 

successful eyedrop instillation. 42 

This study was approved by the Aravind Eye Hospital in Pondicherry (AEH-P), 43 

Institutional Ethics Committee. We adhered to the tenets of the Declaration of Helsinki.  All 44 

study participants were adults undergoing cataract extraction at the AEH-P between January 8, 45 

2020, and February 1, 2020. We positioned a video camera in the preoperative area designated 46 

for eyedrop administration. All patients sat in an upright position in a chair in view of the camera. 47 

Each instance of eyedrop administration was recorded as a separate video for analysis. Four OTs 48 
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served as administrators of eyedrops. OTs recorded the time of eyedrop administration, patient 49 

age, sex, operative eye, and bottle identification number for each eyedrop administered. Each 50 

bottle was used until empty or until the end of the day, unless the OT thought there was 51 

contamination from contact with the ocular surface and/or adnexa. For instances in which 52 

patients received separate administrations of different medications consecutively, proparacaine 53 

HCl would always be instilled first out of the series of eyedrops, and all eyedrops in a series of 54 

multiple eyedrops would be administered by the same OT for any particular patient. The AEH-P 55 

microbiology lab received all used bottles at the end of each day and cultured samples taken 56 

from bottle tips on blood agar in aerobic conditions at 37°C for 5 days. A single investigator 57 

(A.M.W.) reviewed all video recordings. Data were analyzed using SAS version 9.4 (SAS 58 

Institute, Cary, NC, USA). Descriptive statistics were used to characterize the study population. 59 

Multivariable logistic regression analysis determined odds of improper drop instillation (defined 60 

as instillation off the ocular surface). The model used repeated measurements to account for 61 

instances in which a single patient contributed multiple videos.  62 

We recorded and evaluated 1839 videos of 819 patients, and used 93 different multidose 63 

bottles. Each patient contributed 1 to 4 videos for evaluation (mean 2.2, SD 0.7). The mean age 64 

of patients was 60.2 (SD 9.4) with an age range of 25-90 years. There were 912 (49.6%) videos 65 

of female patients and 957 (52.0%) videos of the right eye receiving drops. Eyedrops reached the 66 

ocular surface alone in 1617 (87.9%) instances. There were no video recorded instances of the 67 

bottle tip touching the ocular surface and/or adnexa. None of the 93 bottle tips had a positive 68 

bacterial culture (Table 1). 69 

There were 222 (12.1%) instances of eyedrop instillation partially or completely off the 70 

ocular surface. Predictors of improper drop instillation included male sex (OR 1.54; 95% CI 1.03, 71 
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2.29; p=0.04) and patients forcefully closing their eyes during instillation (OR 66.33; 95% CI 72 

42.58, 103.30; p<0.0001). Patient age, operative eye, and the specific medication instilled were 73 

not found to be predictors of improper drop instillation (Supplemental Tables 1 and 2, available 74 

at www.aaojournal.org).  75 

 In this observational study of 1839 video recorded instances of eyedrop administration, 76 

we show that trained OTs can reliably administer eyedrops without contamination when 77 

appropriate protocols are followed. Unused eyedrops account for a considerable proportion of 78 

pharmaceutical waste from cataract surgery.1, 4 Prior studies have reported presence of microbial 79 

contamination of multidose containers associated with prolonged periods of use and improper 80 

drop storage.5, 6 Notably, these studies did not assess for proper drop instillation technique. None 81 

of the bottle tips in our study demonstrated bacterial contamination. At the start of each operative 82 

day at AEH-P, new sterile eyedrop bottles are used, and at the end of the day all eyedrop bottles 83 

are discarded and not reused for the following day’s surgery. Limited duration of use and proper 84 

handling of multidose containers can minimize risk of contamination.6, 7  85 

While this is an observational study, based on the “rule of three” for statistical 86 

approximations, we can be reasonably confident (95%) that the true rate of contamination is no 87 

more than 3 out of the study population when no adverse events were observed in the study 88 

population.8 This would estimate an actual contamination rate of no more than 0.16% given our 89 

study population of 1839 administrations. Of note, there were no recorded incidents of post-90 

operative endophthalmitis among the study population, and overall post-operative 91 

endophthalmitis rates for cataract surgery at AECS are comparable to those of developed nations, 92 

despite having used multidose eyedrops as an established practice over many years.9  93 
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 To our knowledge, this is the first large observational study assessing multidose eyedrop 94 

administration by OTs in the perioperative setting. This study is not without limitations. First, 95 

given that study participants were not masked, the OTs’ knowledge of being observed may have 96 

affected their performance (i.e. the Hawthorne effect). Additionally, Aravind is a unique 97 

organization renowned for its systems-based practice including standardized OT training, and the 98 

findings in this study may not be generalizable to other locations or OT populations. However, 99 

our results demonstrate that with proper training and attention to detail, paramedical personnel 100 

are capable of using multidose bottles for preoperative medications for ophthalmic surgery. 101 

Second, not all aspects of handling of the eyedrop bottles were able to be captured on the video 102 

recording; therefore, we were unable to assess for the presence of other factors that may have led 103 

to contamination such as improper storage of the bottles or contamination with other surfaces. 104 

The benzalkonium chloride (BAC) preserving the drops could have minimized positive culture 105 

results. However, prior studies have found that bacteria can be recovered in many eyedrop 106 

bottles containing BAC, and that bottle tip contamination occurred more frequently than drop 107 

contamination.10 Finally, additional potential contributing factors that may have affected patient 108 

cooperation were not included in the analysis such as patients’ visual acuity, preferred language, 109 

ability to follow positioning instructions, prior experience receiving eyedrops, order in which 110 

they received eyedrops (e.g. whether receiving proparacaine first affected performance), or 111 

anxiety regarding surgery.  112 

Multidose eyedrops are a safe alternative to single-dose eyedrops and can offer 113 

significant cost savings to both patients and surgical centers. Policies aimed at increasing the use 114 

of multidose medications in surgical centers can allow for reduction of financial and 115 

environmental waste.   116 
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Table 1. Characteristics of videos and patients receiving video recorded instances of preoperative 

eyedrops for cataract surgery.  

Total patients, n 819 

Mean age, mean±SD  60.2 (9.4) 

Age range  25-90 

Patient sex 

Female patients, n (%) 

Male patients, n (%) 

 

407 (49.7) 

412 (50.3) 

Mean number of videos contributed by each patient, mean±SD (range) 2.2±0.7 (1-4) 

Mean video recorded patients receiving drops from each bottle, mean±SD 19.8±21.6 

Total eyedrop bottles used, n 93 

Eyedrop bottle tips with positive bacterial culture, n 0  

 Videos, n (%) 

Total videos 1839 

Patient sex  

Female 

    Male 

 

912 (49.6) 

927 (50.4) 

Operative eye 

   Right 

   Left 

 

957 (52.0) 

882 (48.0) 

Medication administered 

Proparacaine HCl 

Povidone-iodine 

Ofloxacin 

    Tropicamide 

 

812 (44.2) 

587 (31.9) 

260 (14.1) 

180 (9.8) 

Instillation of eyedrop on the ocular surface
a
 only 

Instillation of 1 drop on the ocular surface only 

Instillation of 2 drops on the ocular surface only 

    Instillation of 3 drops on the ocular surface only 

1617 (87.9) 

   1470 (79.9) 

   143 (7.8) 

   4 (0.2) 

Instillation of eyedrop requiring more than 1 attempt at instillation 124 (6.7) 

Patient forcefully closing eyes  179 (9.7) 

Presence of eyedrop bottle tip contamination
b
 0 (0.0) 

a
Ocular surface defined as including the cornea and all conjunctival surfaces 

b
Contamination defined as any contact between the bottle tip and ocular surface, eyelashes, eyelid, or 

other adnexal surface 
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