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Purpose: To assess the benefit of cryopreserved amniotic membrane (cAM) in restoring corneal surface health prior to cataract 
surgery and enhancing post-operative refractive outcomes in patients with moderate to severe dry eye disease (DED).
Methods: A prospective, repeated-measures, self-controlled study of 64 eyes with moderate to severe DED that were treated with 
cAM prior to cataract surgery. Biometry, topography, corneal staining (NEI scale), SPEED scores, and best corrected visual acuity 
(BCVA) were assessed before and after treatment and 1-month post-operatively. Primary outcome was refractive accuracy before and 
after treatment based on manifest refraction at 1 month post-operatively.
Results: A total of 55 eyes of 37 patients (95% female) completed the study. SPEED scores and NEI scores significantly improved at 
1- and 2-weeks post-treatment, with sustained benefit at 1 month post-operatively (P < 0.0001). Spherical equivalent was within ±0.25 
D in 36% of eyes before and 70% of eyes after cAM treatment (P = 0.002); within ±0.5 D in 66% of eyes before and 94% of eyes after 
(P < 0.001); within ±0.75 D in 76% of eyes before and 98% of eyes after (P < 0.001); and within ±1D in 86% eyes before and 100% of 
eyes after (P = 0.016). Emmetropia was attained in 84% of eyes, and 93% (51/55) of eyes had 20/20 BCVA post-operatively.
Conclusion: Treatment with cAM prior to cataract surgery can significantly improve both signs and symptoms of moderate to severe 
DED, with continued improvement post-operatively. Furthermore, CAM may ultimately improve biometry accuracy, mitigating the 
risk of surgical delay.
Keywords: amniotic membrane, cataract surgery, dry eye, ocular surface optimization

Introduction
Cataract surgery is one of the most commonly performed procedures in the United States, with approximately 3 million 
cataract surgeries performed annually.1 A high level of refractive accuracy is anticipated by patients undergoing cataract 
surgery, particularly as the use of premium intraocular lens is increasing.2 Blurred vision is the leading cause of 
postoperative patient dissatisfaction, which is caused by postoperative refractive error in 57% of cases.3 As a result, 
thorough pre-operative assessment and precise calculation of the intraocular lens (IOL) power is imperative to obtain 
accurate post-operative refractive outcomes.

Optical biometry, which is a non-invasive automated method for measuring the anatomical characteristics of the eye, 
is the current gold standard for calculating IOL power prior to cataract surgery. It measures axial length, keratometry (K) 
values, lens thickness, and anterior chamber depth. Biometry accuracy is largely dependent on the stability of the ocular 
surface. An unstable tear film due to ocular surface disease (OSD) often produces inaccurate and fluctuating 
K measurements4,5 and astigmatism,4,6 which can ultimately result in incorrect IOL selection and impaired post- 
operative vision. In a study by Epitropoulos et al,4 patients with dry eye demonstrated significantly more variability in 
average K and anterior corneal astigmatism measurements compared to normal eyes. This is problematic as 30–80%7–10 

of patients who are evaluated for cataract surgery have objective signs of dry eye/OSD, but only 3% of diagnosed 
patients are treated within 12 weeks of cataract surgery.8 Not only can pre-existing OSD impact biometry and post- 
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operative refractive accuracy, it has also been shown to result in persistent or exacerbated signs and symptoms of OSD 
following cataract surgery.11–13 Thus, it is crucial that high-risk cases with pre-existing OSD receive aggressive 
management prior to cataract surgery to optimize post-operative visual outcomes and patient satisfaction as well as 
prevent further deterioration of the ocular surface.

The ASCRS Cornea Clinical Committee recently developed a consensus-based, practical diagnostic algorithm to aid 
surgeons in efficiently diagnosing and treating visually significant OSD prior to refractive surgery.14 In these guidelines, 
the use of self-retained cryopreserved amniotic membrane (cAM) in the form of Prokera® is advised to address severe 
punctate keratitis and restore a smooth ocular surface preoperatively. Prokera is one form of cAM that is commercially 
available and is a class II medical device that has been cleared by the FDA for the treatment of ocular surface damage 
and stromal inflammation. Notably, cAM has been recognized by the FDA as having anti-inflammatory, anti-scarring, 
and wound healing properties.15 Due to these properties as well as its sutureless, self-retained nature, Prokera is a useful 
treatment modality for a variety of ocular surface diseases and can be placed onto the ocular surface in-office to help 
promote regenerative wound healing. A number of studies have demonstrated that cAM in the form of Prokera expedites 
the recovery of a stable ocular surface and improves signs and symptoms of OSD in patients with moderate to severe dry 
eye.16–19 Nevertheless, its use in optimizing the accuracy of biometry readings prior to cataract surgery has been less 
reported in the literature. Yeu et al20 previously reported that debridement followed by placement of cAM in 10 patients 
with epithelial basement membrane dystrophy (EBMD) resulted in a change in keratometry measurements from 43.5 ± 
1.2 D at baseline to 44.6 ± 1.2 D at 1 month, and the average change in IOL power was greater than 1D. While this pilot 
study suggests cAM may help improve IOL calculation accuracy, post-operative data was not collected, and the findings 
are limited to patients with EBMD. Thus, the purpose of this study is to expand upon these findings by assessing 
treatment outcomes both before and after cataract surgery and broadening the utility of cAM in ocular surface 
optimization by assessing its use in patients with moderate to severe keratitis/DED. Such treatment for one week may 
mitigate the risk of surgical delays.

Materials And Methods
Following approval from Sterling Institutional Review Board (ID: 9132-JWongs), a prospective, single-center, investi
gator-initiated, repeated-measures study (NCT05148507) was conducted to evaluate the use of self-retained cAM 
(Prokera Slim®; Biotissue Inc, Miami, FL) in patients presenting with moderate to severe dry eye disease prior to 
cataract surgery. The study was performed in accordance with the Declaration of Helsinki, and written informed consent 
was obtained from all subjects prior to enrollment. A total of 64 eyes with moderate to severe dry eye disease, defined as 
SPEED score ≥10 and total cornea fluorescein staining score ≥4 (NEI scale), were enrolled in the study. All patients were 
at least 18 years of age, had plans to undergo cataract surgery, failed prior conservative dry eye treatments (artificial tears, 
ointments, topical steroids, anti-inflammatory drops, warm compresses, etc). within 30 days of screening, and exhibited 
topographic changes (ie irregularity, dropout, and higher order aberrations) as determined by the investigator. Patients 
were excluded if they had used contacts lens or scleral lens within 7 days of screening, ocular surgery within 3 months, 
glaucoma drainage devices or filtering bleb, active infection, significant posterior corneal astigmatism (≥0.75 D), visually 
significant retinal pathology, clinically significant ocular findings (eg dystrophies, ectasia, etc), short eyes (axial length < 
22 mm), or high myopia (axial length ≥ 26 mm). Axial lengths shorter21,22 or longer21,23 than the normal range as well as 
significant posterior astigmatism24–26 have been shown to be contributing factors to post-operative refractive error after 
cataract surgery. Thus, these eyes were excluded to eliminate potential variability that could be caused by the inclusion of 
patients with these conditions. Additional exclusion criteria included history of refractive surgery, ocular trauma, herpetic 
keratitis, or drug reactions to Ciprofloxacin, Amphotericin B, Glycerol, and/or Dulbecco’s Modified Eagle Medium 
(DMEM).

Biometry and topography were assessed before and after treatment by the same examiner and devices. Cryopreserved 
AM (Prokera®; BioTissue, Inc; Miami, FL) was placed on the ocular surface and removed after 5 to 7 days. In brief, 
CAM was thawed at room temperature for several minutes and rinsed with saline prior to insertion. Following the 
instillation of topical anesthetic drops (0.5% proparacaine hydrochloride), cAM was placed into the superior fornix while 
the patient looked down and then slid under the lower eyelid. Patients’ standard of care (ie lubrication, tear supplements, 
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punctal plugs) was continued as necessary and noted in records. Biometry and topography measurements were re- 
assessed 1 and 2 weeks following cryopreserved AM removal, and patients were scheduled for cataract surgery upon 
stabilization of the ocular surface within two to four weeks of completing treatment, with the chosen IOL based on the 
2-week post-treatment biometry measurements. This is in alignment with the ASCRS Preoperative OSD Algorithm,14 

which suggests reassessing the patient approximately 2 to 4 weeks after initiating treatment and waiting at least 7 days 
between discontinuing amnion-based therapies and proceeding with surgery. Patients that continued to have DED and 
were not suitable for cataract surgery as determined by the investigator received another treatment of cryopreserved AM.

Assessments
Ocular evaluations, which included signs and symptoms of DED as well as biometry and topography measurements, 
were assessed at baseline as well as 1- and 2-weeks post-treatment and 1-month post-operatively. Corneal fluorescein 
staining (CFS) was used to evaluate the cornea using the National Eye Institute (NEI) scale.27 The NEI grading scale 
divides the corneal area into five sections, each of which is assigned a score between 0 and 3 depending on the amount 
and distribution of CFS. The scores of the five sections are added to give the total CFS score, ranging from 0 (absence of 
corneal epitheliopathy) to 15 (severe epitheliopathy). Patients’ subjective symptoms were assessed using the Standard 
Patient Evaluation of Eye Dryness (SPEED) questionnaire, which is a validated, 8-question dry eye survey that evaluates 
both the frequency and severity of symptoms. The numeric value for each answer is added to give a total score ranging 
from 0 to 28, with a score ≥10 indicative of severe dry eye.28 Topography was assessed using the Atlas (Zeiss, 
Oberkochen, Germany) and VX130+ topographers (Visionix, North Lombard, IL), and biometry was assessed using 
the IOLMaster® 700 (Carl Zeiss Meditec, Jena, Germany). Parameters assessed included keratometry values, central 
corneal thickness, anterior chamber depth, lens thickness, and axial length. The Barrett TK Universal II formula was used 
to calculate the pre- and post-treatment IOL sphere and cylinder power recommendation as well as the predicted post- 
operative spherical equivalent (SE). Visual acuity was determined using a Snellen chart, and manifest refraction was 
assessed post-operatively using a standardized phoropter and a “push plus” technique to determine post-operative SE. 
The accuracy of the predicted SE was compared pre-and post-treatment by calculating the refraction prediction error, 
which was calculated as the absolute difference between the actual postoperative SE via manifest refraction and the 
predicted SE using pre-treatment data using standard back-vertex techniques.29 Pre-treatment SE refers to baseline SE 
and post-treatment SE refers to the SE that was measured at two weeks post-CAM treatment.

Outcomes
Primary outcome measure was the accuracy of the predicted SE pre- and post-treatment. Secondary outcome measures 
included change in SPEED scores, NEI corneal staining scores, BCVA, and average deviation from refractive target. 
Additionally, the percentage of eyes that achieved emmetropia (spherical equivalent −0.5 to +0.5 D and <1.0 
D astigmatism)30 was also assessed post-operatively.

Sample Size Calculation
The sample size for this study was estimated using a two-sided, McNemars test, with α set to 0.05, 1-β set to 0.80, an 
odds ratio of 3.2, and a proportion of discordant pairs of 0.525. This resulted in a required sample size of 58 patients. 
Assuming a dropout rate of 10%,31 a total of 64 eyes were enrolled in this single-site study to ensure the study was 
adequately powered.

Statistical Analysis
All statistical analyses were carried out using IBM SPSS version 20.0. Categorical variables were described by 
percentages and frequencies, while continuous variables were described by means and standard deviations. 
McNemar’s chi-squared for within-subjects designs was used to assess binary dependent variables, such as proportions 
of eyes achieving target refraction pre- and post-treatment. When assessing continuous dependent variables such as 
SPEED scores and corneal staining scores, a paired t-test was used. A P value of less than 0.05 was considered 
statistically significant.
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Results
A total of 64 eyes were enrolled in the study. Nine eyes of 6 patients were withdrawn from the study due to cancellation 
of cataract surgery (n = 4), declined treatment with cAM (n = 3), development of epiretinal membrane (n = 1), and lost to 
follow-up post-treatment (n = 1). As a result, 55 eyes of 37 patients completed the study and were included for the 
analysis. The majority of patients were female (94.6%), and the average age was 70.0 ± 6.3 years. All eyes presented 
with both signs and symptoms of moderate to severe DED despite prior treatment with preservative free artificial tears 
(100%), anti-inflammatory drops (27.3%), steroid drops (16.4%), gels and ointments (16.4%), warm compresses (9%), 
and others (12.7%), including punctal plugs, omega-3s, and anti-histamine drops. Upon slit lamp examination, 31% of 
eyes also presented with blepharitis, and 24% of eyes had meibomian gland dysfunction.

Patients received cAM for 5 to 7 days. One patient complained of discomfort due to the cAM device, which was 
resolved following tape tarsorrhaphy of the eye. Two patients received a second application of cAM. Upon removal of 
cAM, both clinical signs and symptoms of DED were significantly improved (Figure 1, p < 0.0001), with further 
improvement noted at one- and two-weeks post-treatment. The average SPEED score significantly improved from 14.9 ± 
4.8 at baseline to 5.0 ± 4.3 at 1 week and 3.9 ± 3.6 at 2 weeks post-treatment (p < 0.0001). Similarly, average NEI corneal 
staining score significantly improved from 7.4 ± 2.5 at baseline to 1.9 ± 1.8 and 1.5 ± 1.4 at one- and two weeks post- 
treatment, respectively (p < 0.0001). When assessing visual outcomes pre- and post-treatment, BCVA slightly improved 
from logMAR 0.29 ± 0.22 to logMAR 0.26 ± 0.16 and 0.24 ± 0.21 at 1 and 2 weeks, respectively; however, this 
difference was not significant (P = 0.76 and P = 0.15, respectively). Two weeks following cAM treatment, the mean 
absolute difference from baseline in flat keratometry values (Kmin) and steep keratometry values (Kmax) was 0.35 ± 0.32 
D (range: 0–1.22) and 0.30 ± 0.27 D (range: 0–1.38), respectively. Furthermore, mean absolute difference in central 
corneal thickness was 9.2 ± 9.0 μm (range: 1–38), and axial length changed by an absolute mean of 0.2 ± 0.3 mm (range: 
0–0.23). When compared to pre-treatment biometry assessments, median change in recommended IOL SE at two weeks 
post-treatment was 0.5 D (range: 0–1.5). The majority (52%) of eyes had a change of ±0.5 D, 12% of eyes had ±1.0 
D change, 4% of eyes had ±1.5 D change, and 32% of eyes had no change in IOL SE.

At 1 month post cataract surgery, 93% (51/55) of eyes had 20/20 BCVA, with 4 eyes attaining 20/25 BCVA. UCVA 
was 20/25 or greater in 91% of eyes, with 43 (78.2%) attaining 20/20, 7 eyes (12.7%) attaining 20/25, 2 eyes (3.6%) 
attaining 20/30, 1 eye (1.8%) attaining 20/40, and 2 eyes (3.6%) attaining 20/50. Of the 51 eyes with a plano refractive 
target, emmetropia was attained in 84% (43/51) of eyes. Overall, biometry performed after treatment with cAM more 
accurately predicted the post-operative refractive target compared to pre-treatment values (Figure 2). Spherical equivalent 

Figure 1 SPEED Scores and NEI Corneal Staining Scores. Both signs and symptoms of DED significantly improved from baseline at all follow-up visits including cAM removal, 
1- and 2-weeks post-treatment as well as at 1-month post-cataract surgery. The results are presented as mean ± SD. ****P<0.0001.
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was within ±0.25 D of the refractive target in 36% of eyes before and 70% of eyes after treatment with cAM (P = 0.002); 
within ±0.5 D in 66% of eyes before and 94% of eyes after (P < 0.001); within ±0.75 D in 76% of eyes before and 98% 
of eyes after (P < 0.001); and within ±1D in 86% eyes before and 100% of eyes after (P = 0.016). Average deviation from 
refractive target using post-treatment biometry measurements was 0.22 ± 0.22 D (median: 0.25; range: 0–0.875) 
following surgery, which was significantly lower than the predicted refractive error using pre-treatment measurements 
(0.55 ± 0.46 D, P < 0.0001). When compared to baseline, NEI corneal staining scores remained significantly lower at 1 
month post-operatively, with an average score of 1.4 ± 1.0 (P < 0.0001, Figure 1). Similarly, dry eye symptoms as 
measured by the SPEED questionnaire remained significantly improved, with an average score of 2.9 ± 3.0 (P < 0.0001, 
Figure 1). A representative case example is shown in Figure 3.

Discussion
Our findings demonstrate that pre-operative treatment of dry eye with cAM can quickly restore ocular surface health 
prior to cataract surgery, improve the accuracy of biometry measurements, and ultimately enhance post-operative 
refractive outcomes. Following one week of treatment with cAM, both signs and symptoms of DED significantly 
improved at both 1- and 2-weeks post-treatment. Average NEI corneal staining score improved by 6 points (or 80%) 
at 2 weeks post-treatment, and average SPEED score improved by more than 10 points, equating to nearly 75% reduction 
in overall symptoms. While other studies found a significant improvement in Oxford staining scores and SPEED scores 
after one month of drop therapy prior to cataract surgery, the average SPEED score improved by only 2–3 points, 
resulting in less than 40% improvement in symptoms.32,33 Overall, biometry performed after treatment with cAM more 
accurately predicted the post-operative refractive target compared to pre-treatment values, which is likely attributed to 
a more stable ocular surface as demonstrated by improved corneal signs. Post-operatively, average deviation from 
refractive target was 0.22 D, which was significantly lower than the predicted refractive error prior to treatment and is 
relatively lower than what has been previously reported (0.33D) following one month of treatment with cyclosporine 
0.9%.33 Additionally, SE was within ±0.25 D of the refractive target in 36% of eyes before and 70% of eyes after 
treatment with cAM; within ±0.5 D in 66% of eyes before and 94% of eyes after; within ±0.75 D in 76% of eyes before 
and 98% of eyes after; and within ±1D in 86% eyes before and 100% of eyes after, which is also higher than previous 
studies that assessed other dry eye therapies.32,33 Ultimately, this resulted in 20/20 BCVA in more than 90% of eyes post- 
operatively.

Figure 2 Predicted Refractive Accuracy Pre- and Post-Treatment. Biometry performed after treatment with cAM was significantly more accurate in predicting post- 
operative refractive target compared to pre-treatment measurements, particularly when assessing within ±0.25 D, ±0.50 D, ±0.75 D, and ±1.0 D. *P<0.5, **P<0.01, 
***P<0.001.
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The therapeutic benefits of cAM in treating DED have been previously reported and include its ability to reduce the 
signs, symptoms, and severity of DED as well as promote corneal nerve regeneration.16–19 This may be attributed to 
AM’s potent anti-inflammatory and wound healing properties.34 Nevertheless, one clear advantage of using cAM as 
a pre-surgical treatment option is its short treatment duration. While a number of other pharmacological treatments have 
been shown to improve the signs and symptoms of DED as well as biometry accuracy prior to cataract surgery, many of 
these drop therapies have a longer treatment duration of four weeks.32,33 Despite this, a subset of patients with more 
severe forms of DED may show minimal clinical benefit and require more aggressive therapy, further prolonging 
treatment duration. This notion is supported by the present study sample, which had both signs and symptoms of 
moderate to severe DED despite prior treatment with anti-inflammatory drops in nearly 30% of patients. Furthermore, it 
should be noted that non-compliance with other drop therapies prior to cataract surgery has been reported to be as high as 
19%.32 While these patients were excluded and their outcomes not reported, it can be inferred that non-compliance may 
result in a reduced clinical benefit, and additional treatment measures may be required in these patients. Ultimately, this 
may be problematic as the ASCRS consensus panel recommends delaying cataract surgery until signs and symptoms of 
OSD are resolved.14 CAM is beneficial as it can resolve signs and symptoms of moderate to severe DED after only one 
week of treatment, mitigating the risk of surgical delays.

While addressing DED pre-operatively is imperative in obtaining accurate biometry measurements, it is also crucial 
in preventing worsened signs and symptoms post-operatively. Not only does the incidence of DED increase significantly 
following cataract surgery, it is also exacerbated in patients with pre-existing symptoms.11–13 Interestingly, in this study, 
we found that the benefit of cAM in reducing signs and symptoms of DED was still observed one month post-operatively, 
suggesting that pre-surgical treatment of DED may also help to reduce DED following cataract surgery. While other 
studies have demonstrated an improvement in signs and symptoms post-treatment, none have reported whether the 

Figure 3 A 74-year-old female presented with visually significant NSC and 3+ SPK. Her initial IOLMaster measured 1.21D of astigmatism (Left). Two weeks after cAM, 
corneal exam revealed 1+ SPK and astigmatism was measured at 0.70D (Right). IOL changed from toric to monofocal. One month following cataract surgery, UCVA was 20/ 
20 (mRx: -0.25+0.25x15 20/20).
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benefit is maintained post-operatively. While Hovanesian et al32 found a subset of patients retained a beneficial ocular 
surface effect with lifitegrast at two months post-operatively, these patients received an additional four weeks of 
lifitegrast that began one month post-operatively. Conversely, patients in this study only received one week of treatment 
prior to cataract surgery.

There are several limitations in this study. First, there was not a control group in this study to assess whether cAM is 
superior to other conventional treatments. Nevertheless, this study was self-controlled, using pre-treatment data as the 
control to ultimately reduce variability that would otherwise be present if using a separate group of subjects as the 
comparative control group. Additionally, all patients presented with moderate to severe DED despite prior use of 
preservative free artificial tears in all patients, which is a commonly used vehicle control in randomized controlled 
trials. This suggests that a control group that received one week of treatment with artificial tears would not have resulted 
in a clinically significant benefit in our study sample. This is further supplemented by a study which demonstrated that 
use of artificial tears for two weeks appeared inadequate to significantly affect variability in biometric measurements for 
patients with dry eye prior to cataract surgery,35 which is a longer treatment duration than the current study (one week). 
Furthermore, other studied treatment options prior to cataract surgery, including lifitegrast and cyclosporine 0.09%, 
required four weeks of treatment, making these therapies difficult to use as a control group. Another limitation of this 
study is that it was conducted at a single-center; thus, this study sample may not be representative of the general 
population. In particular, 95% of patients in this study were females. This is unsurprising, however, as it is well 
established that the prevalence of dry eye is significantly higher in females, and females are more likely to undergo 
cataract surgery.36,37 When compared to males, females also report more severe dry eye symptoms, greater impact on 
daily activities, more use of dry eye treatments, and a greater amount of time before treatments start working.38,39 This 
may explain why more females were enrolled into this study, as patients were only included if they had moderate to 
severe dry eye and were refractory to conventional therapy. Based on the aforementioned information, one may infer that 
cAM would produce a similar treatment benefit in males, which is a less severe population that tends to respond more 
quickly to treatment.38,39 Lastly, the examiner assessing biometry and topography was not blinded to treatment status or 
timepoint. Nevertheless, the risk of bias is largely overcome by the objective nature of the measurements, which were 
generated by the Atlas and VX130+ topographers and the IOLMaster® 700. Despite the aforementioned limitations, these 
results suggest that cAM is a valuable therapy that can help optimize the ocular surface prior to cataract surgery.
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