NMCSD PRK Experience


Summary of Experience with Photorefractive Keratectomy at the Naval Medical Center San Diego

Purpose:  To provide a comprehensive review of photorefractive keratectomy (PRK) at NMCSD.  
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Executive summary
Photorefractive keratectomy was first performed on Navy personnel in August, 1993, with NMCSD IRB approval and under an FDA investigational device exemption through the laser company.  Several initial studies were conducted which were commissioned by the Commander, Naval Special Operations.  The success of early PRK trials led to the purchase of an excimer laser and creation of a refractive surgery center at NMCSD.  A research team was established and funded by grants from Naval Special Operations and the Office of Naval Research for continued evaluation of the procedure.  

All PRK patients who were treated for myopia and/or astigmatism at NMCSD with at least one month of postoperative followup were analyzed.  This comprised 1,094 eyes of 588 patients.  Attendance of the 3 month, 6 month, and 12 month followup examinations was greater than 90% for patients enrolled in clinical trials (n = 379) but only approximately 50% for other treated patients (n = 209).  The procedure was safe and effective in the vast majority of patients.  The preoperative myopia was reduced from a mean manifest spherical equivalent of –3.71 ± 1.77 diopters (D) (range –0.75 to –10.88D) to –0.02 ± 0.65D (range –2.50 to +3.88D) after a single treatment at 12 months.  The procedure improved the uncorrected vision of all eyes.  From an average uncorrected vision (UCVA) of worse than 20/200 to a 12 month average UCVA of better than 20/20.  Over 60% of eyes attained 20/16 UCVA and 80% achieved 20/20 from a single procedure at their final examination (either 6 or 12 months postoperative).  Visual recovery was relatively prolonged.  Refractive stability took between 6 weeks and 3 months to achieve, depending on the analysis technique and level of preoperative myopia.  Improvements in UCVA occurred throughout the first 4 postoperative weeks.  Contrast sensitivity, with or without glare, was transiently reduced in the first several weeks after the procedure, which recovered 4 to 12 weeks afterward.  Very few individuals had any persistent loss.  Likewise, a sizable minority of patients had a transient loss of best corrected vision (BCVA).  This recovered by 1 month postoperative.  At the final examination, 6% of eyes had gained 2 or more lines of BCVA while 2% had a loss of 2 lines and 0.24% had a loss of more than 2 lines.  A final BCVA of 20/20 or better was achieved in 99.5% of eyes.  The worst correctable vision during the final examination was 20/25 in 4 eyes.  Of these, 3 eyes had a preoperative BCVA of 20/25 or worse.  The incidence of correctable vision worse than 20/20 in eyes that were correctable to 20/20 or better beforehand was 0.13% (one eye).  A fine haze was observed in the corneas of most treated eyes.  This generally cleared with time.  At the final examination, 94% of eyes had either clear corneas or a trace of haze visible only with biomicroscopy, 5% had mild, and 1% had moderate haze.  Complications were generally manageable and not visually significant.  One eye suffered a corneal ulcer, which was successfully treated.  Two eyes developed recurrent corneal erosions necessitating topical therapy.  One patient was unintentionally overcorrected and was retreated.  Three patients refused treatment in their second eye because of either inadequate UCVA or poor night vision.  A total of 34 eyes of 32 patients underwent retreatment to correct residual refractive error and further improve UCVA.  The retreatment was effective and safe.  Over 90% of retreated eyes attained 20/20 UCVA, compared to none before retreatment.  There was no loss of BCVA and no retreated eyes had a BCVA of worse than 20/20.

INTRODUCTION

The initial evaluation of PRK in the Navy was performed in response to tasking by the Commander Naval Special Warfare in May, 1993.  The investigation comprised three pilot studies, all part of Phase III, FDA trials for the treatment of low to moderate myopia (-1.0 to –6.5 diopters (D) manifest spherical equivalent) using the Summit OmniMed and VISX 20/20 excimer lasers.  A total of 89 patients were enrolled in these studies starting in August of 1993.  Enrollment of the third study was completed in August of 1995.  These studies demonstrated the safety of the procedure to retain best corrected vision, as well as, the effectiveness of the procedure to reduce myopia and improve uncorrected vision.  The preoperative myopia was reduced from a mean of -3.28 diopters (D) (range –1.50 to –5.63D) to +0.11 ± 0.43D (mean ( SD, range -1.00 to +1.63).  Over 80% of subjects were corrected to within 0.50D of emmetropia and 96% were within 1.00D.  Uncorrected visual acuity improved from a preoperative average of worse than 20/200 to better than 20/20 at 12 months.  There were no sight threatening complications and no patients lost two or more lines of best spectacle corrected vision (BCVA).  Glare testing in the early (1 month) postoperative period demonstrated increased intraocular light scatter (p<0.01) and reduced contrast acuity (with and without glare, p<0.01).  This glare measurement  returned to preoperative levels of light scatter for naturally dilated eyes by 3 months after PRK (change from preoperative after 3, 6, 12 months; F<2.4, p>0.09); and  for pharmacologically dilated eyes (a “worst case” measurement), by 12 months after PRK (change from preoperative; t<1.0, p>0.09).  The FDA approved the excimer lasers for general commercial use initially for the treatment of low to moderate myopia.

The NMCSD purchased and installed a second-generation excimer laser (VISX Star) in October, 1996.  This laser has the optics, aperture control, and programming to allow treatment of a full range of refractive error,  including myopia and astigmatism. From the first patient treatment at the NMCSD, 10 October 1996, until 19 July 1999, a total of 1,939 eyes of 1,004 patients underwent primary PRK treatment to correct myopia and/or astigmatism.  Patients were divided into IRB approved clinical trial enrollees (32% of total) and non-study treatments (68%).  Patients not enrolled into a clinical trial were generally those who did not meet study inclusion and exclusion criteria.  The most common reason for non-enrollment was the inability to meet strict study follow-up requirements either because of conflicting deployment schedules or because patients were stationed outside of the San Diego area.  For example, east coast Navy SEALs travel to San Diego for treatment accompanied by Portsmouth based Navy ophthalmologists.

Studies that were included in this analysis:

1.
Three pilot investigations, under FDA Phase III trials, CIP S-93-027, CIP S-94-021, NNMC PRK protocol.

2. Visual Recovery after Photorefractive Keratectomy, CIP S-96-019.  The visual recovery study was designed to evaluate early postoperative changes in refraction and vision.  It had extensive followup in the early postoperative time period and was used for sub-analysis of refractive stability and quality of vision. (100 subjects, enrollment complete)

3. Prospective Evaluation of Visual Performance after Photorefractive Keratectomy, CIP S-97-100.  This study is designed to evaluate visual performance during and after recovery from treatment (500 subjects, enrollment open).  This study is designed to correlate clinical measures of visual quality with actual performance of a visual task (marksmanship and driving simulation).

4. The Effects of Altitude on Visual Performance Following Photorefractive Keratectomy (PRK) in Aviators: A Prospective Pilot Study, CIP S-97-086.  This was the first study to analyze non-pilot aircrew.(30 subjects, enrollment complete).  In this study subjects were prospectively evaluated for changes in the quality of vision during hypobaric exposure (simulated 17,500 feet elevation for four hours) before and after PRK.

5. Prospective Evaluation of Night Vision Goggle Performance in Aviators after Photorefractive Keratectomy, CIP S-98-125.  This study evaluated the ability of the subjects to maximize the use of the latest generation NVG binoculars before PRK, and during and after recovery from treatment (30 subjects, enrollment complete).

Operative Criteria

To be eligible for the procedure, patients had to demonstrate a stable refraction with no more than 0.50 diopters (D) of change in either the sphere or cylinder component of the refraction during the 12 months prior to surgery, normal ocular health, and no previous ocular surgery.  The refractive limits were –1.00 to –12.00D of sphere with up to 4.00D of astigmatism.  Each patient gave their informed consent after carefully evaluating the risks and benefits of the surgery.  This included the risk of losing their job designation because of potential visual complications.  Approval for the procedure was obtained from the member’s commanding officer.  All patients who had at least one month of postoperative follow-up were included.  This represented 1,094 eyes of 588 patients.  

Procedure

All photoablations were performed on the VISX Star® excimer laser system (VISX Inc., Santa Clara, CA).  The ablation depth and profile was determined by the VISX algorithm after the refractive data was entered into the laser.  If the astigmatism was less than or equal to 0.50D, the manifest spherical equivalent refractive error was used and resulted in a 6mm spherical ablation.  If the astigmatism was greater than 0.50D, the sphere, cylinder, and axis components of the manifest refraction were each entered into the laser.  This resulted in an elliptical ablation profile with a 6mm major axis and a minor axis, which varied from 4.5 to 5.5mm, depending on the magnitude of the sphere and cylinder correction.  Patients with high astigmatism (greater than 1.50D) were generally marked with a sterile tissue marker at a slit lamp immediately prior to the procedure to ensure proper axis orientation.  Preoperative anesthesia was obtained with topical proparacaine.  Fixation was patient controlled by a coaxial internal illumination source and monitored by the surgeon.  

One of two epithelial removal techniques was employed.  Most patients underwent a laser-scrape technique (82% of procedures).  The laser was programmed to remove either 42 or 44 microns of epithelium with the patient fixating on the fixation light.  This was followed by removal of the basal epithelium with a blunt instrument.  The cornea was wiped with a moistened non-fragmenting sponge if the cornea appeared dry or if the scrape took more than a few seconds to accomplish.  This was followed immediately by the programmed refractive correction.  The other technique involved the use of the Amoils brush to remove the epithelium(18% of procedures).  The brush was applied to the central cornea for 5 or 10 seconds.  Epithelial debris was removed with a non-fragmenting sponge and additional brush application was used if needed.  A moistened sponge was applied over the cornea to ensure uniform stromal hydration.  After aligning the reticle on the entrance pupil and confirmation that the patient was properly fixating, the programmed refractive correction was performed.  This was followed by a 10 second wash of a chilled balanced salt solution (Amoils brush procedures).  A bandage contact lens was applied and topical Ciloxan and Voltaren were instilled.  The patients were examined for contact lens fit and given postoperative medications, instructions, and ultraviolet blocking sunglasses.  

Postoperative Medications

The following medications were utilized

a. Systemic analgesics: prescribed at the discretion of the surgeon for postoperative ocular pain.  

b. Ciprofloxacin HCL (0.3%):  (Ciloxan®, Alcon Laboratories, Fort Worth, TX). One drop 4 times a day placed into the inferior cul-de-sac until the epithelium was closed.

c. Diclofenac sodium (0.1%):  (Voltaren®, Ciba Vision Ophthalmics, Atlanta, GA). One drop placed into the inferior cul-de-sac on the first postoperative visit.  

d. Artificial tears: One drop 4 times per day placed into the inferior cul-de-sac for two weeks and then as needed.

e. Flouromethalone (0.1%): placed into the inferior cul-de-sac according to the following schedule.  *For myopia greater than 6D, the schedule was based on months, not weeks.

Topical steroid (0.1% flouromethalone) schedule


Postoperative period
Drops per day


*1st week (epithelialization until POD #7)
4


*2nd week
3


*3rd week
2


*4th week
1

Scheduled follow-up visits

Patients were instructed to return on postoperative day 1 and 3, week 1 and 4, and month 3, 6, and 12.  The visual recovery study had patients return considerably more often within the first 3 months postoperative.  

Statistical Analysis

Descriptive statistics are given for all variables.  Refraction and acuity results were analyzed with repeated measures (in time) analysis of variance (ANOVA). Visual acuities were analyzed in LogMAR format.   Effects of multiple preoperative characteristics were analyzed using a backward stepwise regression.  Mann-Whitney U, a non-paired analysis, was used to compare means for data not normally distributed.  A non-paired t-test was used to evaluate parametric differences, such as, outcome measurements between patients who maintained follow-up appointments and those who did not.  The statistical programs STATISTICA (StafSoft, Inc., Tulsa, OK).  Alpha level of 0.05 was used for all analysis.

RESULTS

Follow-up

Charts of all patients that underwent primary PRK treatment (excluding retreatment) to correct myopia and/or astigmatism were reviewed.  This comprised 1,004 patient charts and 1,939 treated eyes.  Those patients that had at least one month of recorded follow-up were entered into a database for further analysis.  This comprised 588 patients and 1,094 treated eyes.  An analysis was conducted to compare the group with and without follow-up.  No difference in the mean preoperative MSE was observed between those with and without the one month follow-up criteria (paired t-test, p>0.30).  Not every patient received the procedure in their fellow eye.  These were primarily patients who elected to obtain “monovision” correction.  The discussion and analysis will primarily be based on the treated eye vice the patient.  

In addition, charts of all patients who underwent retreatment were reviewed and analyzed as a separate subgroup.  This comprised 34 eyes of 32 patients.  A full discussion of these patients is included in the last section.

Those patients with at least one month of follow-up were further divided into study enrollees (689 eyes of 379 patients) and non-study treatments (405 eyes of 209 patients).  An accountability of follow-up for each standard postoperative examination was performed for each treated eye (See Tables 1 and 2).  The standard postoperative time intervals for examinations were 1 and 4 weeks, and 3, 6, and 12 months.  The follow-up categories were: number of examinations performed during a postoperative period, missed exams, lost to follow-up (defined as having missed at least two of their last exams), and exam not yet scheduled (not far enough postoperative to be scheduled).  Certain study enrollees were not required to attend several of the standard postoperative examinations.  These patients were examined at other time intervals, such as 2 week postop vice 1 week.  A percentage of follow-up was obtained by dividing the number of eyes that should have attended an examination by the total number of treated eyes as demonstrated below.

Follow-up % = {total number of treated eyes - missed examinations - lost to follow-up + not yet scheduled + not required to attend}
{total number of treated eyes}

A substantial number of study and non-study eyes did not meet the postoperative gate to be scheduled for a 12 month examination (507 eyes of 1,094).  These were generally either fellow eyes in studies that had a prolonged interval between first and second eye treatments or more recent non-study treatments.  

Adequate follow-up was an important element in selecting patients for participation in studies.  Study enrollees generally felt committed to making all scheduled follow-up appointments. There was a greater than 90% follow-up for each postoperative visit.

Table 1. Follow-up Summary of Non-Study Patients


# of Patients
# of Eyes
1 Wk
4 Wk
3 Mo
6 Mo
12 Mo

Examined
209
405
358
340
216
153
125

Missed Exam


47
58
109
91
60

Lost to Follow-up*


0
7
72
96
83

Not Yet Scheduled


0
0
8
65
137

% Follow-Up


88
84
55
54
65

*lost to follow-up = missing two consecutive exam

Table 2. Follow-up Summary of Study Patients


# of Patients
# of Eyes
1 Wk
4 Wk
3 Mo
6 Mo
12 Mo

Examined
379
689
515*
641
599**
494
276

Missed Exam


28
48
36
55
37

Lost to Follow-up


0
0
10
10
0

Not Yet Scheduled


0
0
24
130
370

% Follow-Up


95
93
93
91
94

*146 eyes of 89 of patients were not required to return for a 1 week exam

**20 eyes of 20 patients were not required to return for a 3 month exam

While standard-of-care follow-up (1 and 4 weeks, 3, 6, and 12 months) was recommended and all available attempts were made to contact patients for appointments, the follow-up percentage of non-study patients was not as high as for study participants.  Only 65% of those who were scheduled for a 12 month exam attended the exam.  A separate analysis was conducted to determine if this subgroup of non-study patients did not attend the 12 month exam because of problems or complications arising from the surgery.  The results of patients with a 12 month examination were compared with the last recorded visit (between 1 and 6 months postop) of patients that did not complete the 12 month exam. The preoperative characteristics and last examination were analyzed (See Table 3).  There was a significant difference in the mean preoperative MSE for those patients who did and did not attend their 12 month exam (-3.93 ( 2.05D vs. –3.25 ( 1.69D).  The patients missing the 12 month exam had a lower MSE 

(t-test, p=0.007).  None of the postoperative parameters were significantly different, including uncorrected vision.  This indicates that patients that missed their 12 month examination were doing as well (or better) during their last recorded exam as patients who attended a 12 month exam for refractive and uncorrected vision results.

Table 3: Comparison of Non-Study Patients’ Eyes who attended and missed the 12 month exam 






N

Mean ± SD

 Range

         P value

Pre-Op MSE of eyes of patients



with 12 month exam


125

-3.93 ± 2.05D

-0.38 to -10.38D














*0.007

Pre-op MSE of eyes of patients



who missed 12 month exam

143

-3.34 ± 1.50D

-0.38 to -8.13D




Final MSE of eyes of patients



with 12 month exam


123

-0.18 ± 0.53D

-1.50 to +1.75D

 












0.297

Last Visit MSE eyes of patients





who missed 12 month exam

142

-0.10 ± 0.69D

-3.63 to +1.88D




Final UCVA of eyes of


patients who made 12 month 

exam




123

-0.05 ± 0.15LM

-0.34 to +0.60














0.118

Last visit UCVA of eyes of 




patients who missed 12 

month exam



142

-0.02 ± 0.16LM

-0.34 to +0.60LM


* indicates significant difference between mean preoperative MSE of patients with and without 12 month exam

Patient Demographics

The average age of the patients during their first treatment was 37 ( 7 years (range 23 to 53).  The population was predominantly male (81% male, 19% female) and from diverse ethnic background (See Table 4).  The majority of patients were active duty USN (82%) and USMC (16%) with the remaining from the USAF, USA, and USCG.  Treated USA personnel came from Ft. Bragg, North Carolina, under a joint protocol sponsored by the Department of Ophthalmology, Womack AMC.  Most patients wore either glasses or a combination of glasses and contact lenses to correct their ametropia.  

Table 4: Demographics

Age



37 ± 7 (range 23-53)

Gender

Males


81%

Females

19%

Ethnicity

Caucasian

73%

Asian


10%

Hispanic

9%

Black


7%

Indian


0 .33%

Service

USN


82%

USMC


12%

US Army

6%

USCG


0.1%

Airforce

0.05%

Preoperative Eyewear Use

Both Glasses

51%

and Contacts 

Glasses

44%

Contacts

5%

Neither


0.33%
Immediate Postoperative Results

In the Visual Recovery study (n=100), the epithelium was closed without defect and the contact lens was removed by the 3rd postoperative day in 89% of eyes.  The remaining eyes healed by the 4th postoperative day.  Patients exhibited variable amounts of eye pain in the early postoperative period.  This was assessed on a 6 point scale from no pain (0) to severe (5).  The pain was highest on the first postoperative day (2.41 ( 1.40) and was reduced by the third postoperative day (0.13 ( 0.46).  The percentage of eyes that achieved 20/40 UCVA increased from 13% on postoperative day 1 to 54% on day 3.  After epithelial closure, all patients treated at NMCSD were able to return to work.  All aviators in CIP S-97-086 and S-98-125 achieved criteria for return to flight status by 4 weeks postoperative.
EFFICACY

Refraction

The distribution of preoperative MSE is shown in Figure 1.  Patients generally had low to moderate myopia, but a sizable minority had greater than 6.0D of myopia.  Table 5 reviews the manifest spherical equivalent (MSE) results for each follow-up interval.  The preoperative mean MSE of -3.41 ( 1.77D (range -0.75 to –10.88D) was reduced to +0.09 ( 0.89D (range –2.75 to +5.38D) by one week postoperative.  There was a regression of refraction between 1 and 3 months.  The final 12 month MSE was –0.03 ( 0.58D (range –2.13 to +4.13D).  At 4 weeks, 65% of the eyes were within ( 0.50D and 87% were within ( 1.00D of emmetropia.  At 6 months, 72% of the eyes were within ( 0.50D and 91% were within ( 1.00D of emmetropia. Manifest spherical equivalent continued to improve over time.  At 12 months, 75% of the eyes were within ( 0.50D and 94% were within ( 1.00D of emmetropia (See Figure 2).  The final (6 or 12 months) MSE distribution is displayed in Figure 3.

The number of eyes that received elliptical treatment for myopia and astigmatism correction was 392.  The average preoperative sphere was –3.07 ± 1.84D (range -3.00 to –9.00D).  The average preoperative cylinder was 1.52 ± 0.66D (range 0.75 to 4.00D).  At 12 months (n = 99), the average sphere was reduced to –0.42 ± 1.46D (range -1.50 to +2.00) and the astigmatism was reduced to 0.60 ± 0.50D (range, 0.00 to 2.75).  This represents a 65% average reduction in the magnitude of astigmatism, when comparing preoperative astigmatism to last visit (6 or 12 months postoperative).  The distribution of treated astigmatism is displayed in Figure 4a.  Residual astigmatism at 6 and 12 months is displayed in Figure 4b and 4c.  A residual astigmatism of 0.75D or less was noted in 76% of eyes, whereas, all of these eyes had 0.75D of cylinder or greater before treatment.

Refractive Stability

The post-operative time required for stability of refraction and acuity after PRK has not been precisely determined.  It can be studied a variety of different ways using aggregate or individual data analysis.  The aggregate method assesses the changes in mean MSE between postoperative time intervals and defines stability when a change can no longer be statistically detected.  Stability of refractive correction throughout the first year was assessed by comparing the manifest spherical equivalent refraction at the 1 week, 1, 3, 6, and 12 months post-operative time periods.  A repeated measures ANOVA showed that there were significant differences over time (p = 0.001).  Pair-wise comparisons using the Scheffe test were performed to isolate the differences between time points, revealing that there was a significant difference between the mean refraction at 4 weeks and the mean refractions at the following time period:  1 week(p = 0.001), 3 months (p = 0.03), 6 months (p = 0.02), and 12 months (p = 0.001).  There were no other significant differences found.  Using this method, stability was achieved by 3 months postoperative as no significant changes were observed between 3, 6, or 12 months postoperative examinations (See Figure 5).

More rigorous methods of assessing stability require more complete follow-up with more examinations in the early postoperative time period.  The visual recovery (VR) study was designed for this analysis, and is a sub-set of the overall NMC data set.  This study had many examinations in the early postoperative time period with greater than 90% follow-up for each exam.  One hundred patients were treated in this protocol for low to moderate myopia with and without astigmatism (mean MSE –3.62 ( 1.20D, range –1.00 to –6.50 D).  The first treated eye of each subject was evaluated.  Using aggregate analysis, no difference between mean MSE after the 6 week examination were noted.  Another method used for stability determination is based on the FDA definition using individual stability criteria.  The FDA defines stability as a change of less than or equal to 1.00D MSE between two refractions performed at least 3 months apart in at least 95% of treated eyes.  In the VR study, 97% of eyes had achieved refractive stability (as defined by the FDA) between the 3 and 6 month exam, and 95% had maintained refractive stability between the 6 and 12 month exam.  

As a final method, changes in mean MSE were calculated between each follow-up period (mean of the differences).  These were then normalized to an equivalent yearly refractive change to account for varying follow-up time intervals by multiplying mean change by the fraction of yearly time that the interval represents.  For instance, if the mean MSE change between the one and two week exam was 0.38D (0.38D change per week), this would be multiplied by 52 weeks per year yielding 19.76D of yearly equivalent change.  If the mean MSE change was 0.38D between the 6 and 12 month exam, this would be multiplied by 2 yielding a yearly equivalent change of 0.76D.  Figure 6 displays the yearly equivalent change in refraction for the VR study.  Significant changes, and variability, were present in the first several weeks after the surgery.  Refractive changes gradually reduced after the 4 week exam.  By the 8 week exam the changes were insignificant.  An F-test, comparing the variance between the first five time periods with the last four time periods was found to be significant (p = 0.001), indicating that the variability has diminished by 8-10 weeks.

Uncorrected Visual Acuity

Distant visual acuity was evaluated with a ETDRS self-illuminated eye chart (Lighthouse Second edition, New York, NY).  Room illumination was standardized and verified with a hand-held meter for all acuity measurements.  Acuity measurements were recorded as the Snellen equivalent.  At least 3 letters (out of 5) had to be correctly identified to score a line.  The number of letters missed or the number of letters correctly identified in the next line were recorded; i.e. 20/25 –2 indicates that the subject correctly identified 3 of 5 letters on the 20/25 line.

Using the entire follow-up data set, stability of uncorrected visual acuity (UCVA) was assessed by comparing mean LogMAR values at the 1 week, 1, 3, 6 and 12 months post-operative time periods.  A repeated measures ANOVA showed that there were significant differences over time (p = .001).  Pair-wise comparisons using the Scheffe test were performed to isolate differences between time points, revealing that there was a significant difference between the mean UCVA at 1 week and the mean UCVA of 1, 3, 6, and 12 months (p = .001).  There were no other significant differences found. The summary of LogMAR results is displayed in Table 5. 

Table 5: Summary of Manifest Spherical Equivalent (MSE), UCVA, BCVA, and Haze (mean ± SD; range)

MSE

UCVA

BCVA

Haze
Pre-Op
1 Week
4 Week
3 Month
6 Month
12 Month


-3.71 ± 1.77D

-0.75 to -10.88
0.09 ± 0.89D

-2.75 to +5.38D
0.25 ± 0.74D

-1.75 to +4.75D
0.05 ± 0.66D

-2.50 to +5.50D
-0.02 ± 0.65D

-2.50 to +3.88D
-0.03 ± 0.58D

-2.13 to +4.13D




1.26 ± 0.41LM

20/32 to 20/800
0.06 ± 0.16LM

20/10 to 20/400
-0.02 ± 0.15LM

20/10 to 20/200
-0.05 ± 0.14LM

20/10 to 20/100
-0.04 ± 0.15LM

20/10 to 20/80
-0.08 ± 0.13LM

20/10 to 20/80




-0.12 ± 0.07LM

20/10 to 20/16
-0.04 ± 0.11LM

20/10 –1 to 20/100
-0.11 ± 0.09LM

20/10 to 20/50 –2
-0.14 ± 0.08LM

20/10 to 20/32 –1
-0.14 ± 0.07LM

20/10 to 20/32 +1
-0.16 ± 0.08LM

20/10 –1 to 20/20 –3





0.6 ± 0.5

(0 – 3)
0.5 ± 0.5

(0 – 2)
0.6 ± 0.6

(0 – 2)
0.6 ± 0.7

(0 – 3)
0.4 ± 0.6

(0 – 2)

D
= Diopter

LM
= LogMAR

Haze scores are based on a 5 point scale: 

0 = clear, 1= trace, 2=mild, 3=moderate, 4=severe

One week after the surgery 55% of the treated eyes achieved 20/20 UCVA or better and 94% achieved 20/40 UCVA or better.  At the 6 month exam, 80% of the treated eyes achieved 20/20 UCVA or better and 97% achieved 20/40 UCVA or better.  At the 12 month exam, this trend continued to increase to 87% of the treated eyes achieving 20/20 UCVA or better.  98% achieved 20/40 UCVA or better.  The trend of improvement in 20/16 UCVA is the same.  By the 12 month examination, 70% of the treated eyes achieved 20/16 UCVA or better (See Figure 7).  Distribution of final visit (6 or 12 month) UCVA is displayed in Figure 8.  A final UCVA of 20/10 was attained in 4% of the treated eyes.  A final UCVA of 20/12.5 was achieved in 22% of eyes while 35% attained 20/16 UCVA.  A final UCVA of 20/20 was achieved by 22% of the treated eyes.

Determinants of Visual Recovery

In order to identify preoperative and intra-operative characteristics associated with visual recovery outcomes, a backward stepwise regression analysis was performed on 10 selected variables across 12 months.  The variables included: age, gender, iris color, ethnicity, average preoperative keratometry, Schirmer’s tear test, high and low levels of preoperative myopia, non-astigmatic and astigmatic treatment, size of the minor axis of ablation, and preoperative manifest spherical equivalent.  These multiple preoperative and intra-operative characteristics were analyzed to test for independent associations with each of the three following outcomes of PRK: manifest spherical equivalence (MSE), uncorrected visual acuity (UCVA), and best-corrected visual acuity (BCVA).  A significance level of 0.05 was used.

Table 6a presents the significant variables that appeared in the backward stepwise regression for the manifest spherical equivalent outcome.  The effect of preoperative spherical equivalent was significant across time, beginning at 3 weeks and ending at 6 months, as it was associated with overall manifest spherical equivalent visual recovery.  Astigmatic treatment significantly affected early postoperative recovery.  However, this variable did not influence outcome at either the 6 to 12 month postoperative examination.

Table 6b presents the significant variables that appear in the backward stepwise regression for BCVA outcome.  The effects of preoperative manifest spherical equivalent demonstrated a significant effect at 1 and 3 weeks and reappeared at 12 months.  The effects of age, preoperative keratometry, and astigmatic treatment demonstrated variable significance over time without clear trends.   

Table 6c presents the significant variables that appeared for UCVA outcome.  Preoperative MSE appears significant at one week and demonstrates a lessening trend over time.  No other variables demonstrated a significant associated with overall UCVA outcome.

Table 6.  Preoperative and Intraoperative Characteristics Determining Visual Recovery after PRK

a. Spherical Equivalent

Variable
1 WK
2 WK
3 WK
4 WK
6 WK
8 WK
10 WK
12 WK
24 WK
52 WK

Non -Astig/Astig
P = .001
P = .012
P = .002



P = .04
P = .04
P = .11


Pre-Op SE

(PSE)
P = .09

P = .0007
P = .0002
P = .0002
P = .0001
P = .000005
P = .000002
P = .04
P = .09

b. Best Corrected Visual Acuity

Variable
1 WK
2 WK
3 WK
4 WK
6 WK
8 WK
10 WK
12 WK
24 WK
52 WK

Age





P = .03
P =.01
P = .03



P = .07

Pre K Avg



P = .07



P = .03
P = .04


P = .04

Non Astig/Astig

P = .02



P = .10





Pre-Op SE (PSE)
P = .005
P = .002
P = .0002
P =.06
P = .1




P = .001

c. Uncorrected Visual Acuity

Variable
1 WK
2 WK
3 WK
4 WK
6 WK
8 WK
10 WK
12 WK
24 WK
52 WK

Pre-Op SE


P = .01
P = .071
P = .067








QUALITY OF VISION
Refractive treatment of ametropia (glasses, contacts, or refractive surgery) attempts to place images into sharp focus on the retina.  Generally, this is done by correcting spherical and astigmatic errors.  However, higher order aberrations or opacities within the optical system of the eye (coma, spherical aberration, etc.) may limit how well a sphero-cylindrical correction can focus an image.  In severe cases this compromises high contrast acuity.  More common is a loss of contrast sensitivity.  Loss of contrast sensitivity and an increase in “glare” has often been reported by patients after refractive treatment.  Glare symptoms are directly related to increased light scattered within the eye from aberrations.  

Changes in the quality of vision in PRK treated eyes were objectively measured by four different methods.  Three were done under photopic (room light) conditions and the fourth was done under mesopic (low light) conditions.  Two were measures of contrast acuity, the photopic small letter contrast test (SLCT; Rabin, 1995) and the mesopic identification of the orientation of a Landolt “C” using a mesoptometer (Mesoptometer II, OCULUS Optikgerate GmbH;  Aulhorn and Harms, 1970).  One test directly measured forward light scatter to the retina, or straylight, at photopic levels of illumination, using a direct compensation method (straylight meter; van den Berg and Ijspeert, 1991).  The fourth test evaluated the photopic identification of sine-wave grating of reducing contrast and increasing frequency (Functional Acuity and Contrast Test or FACT; Ginsburg, 1996).  The contrast acuity measurements (i.e., SLCT and mesoptometer testing) and the contrast sensitivity measurement made using the FACT chart were performed with best corrected refraction in either trial frames or a phoropter.  This reduced the effect of residual refraction on threshold results.  The straylight measurement is not dependent on refractive error.  Every quality of vision test was made on each eye separately.

The battery of contrast measurements revealed a transient loss of contrast sensitivity in the first few weeks following PRK treatment, which  was recovered 4 to 12 weeks after treatment.  Very few individuals had any persistent loss in contrast sensitivity.  The details of these measurements follow.

Straylight Measurement  

The amount of forward light scatter was measured directly with the use of the straylight meter (van den Berg & IJspeert, 1992).  This meter measures the amount of light required (in a one degree fixation center) to counter the veiling luminance created by a ring of lights flickering ten degrees off the axis of fixation.  The luminance of the central flicker required to null the off axis flicker is directly proportional to the light scatter on to the one degree center.  Changes in this straylight measurement will track individual changes in light scattered by treatment of the corneal surface with PRK.  Figure 9 depicts the postoperative changes for all 100 patients in the VR study.  Note that the mean, standard deviation, and range of changes are depicted.  There was, on average, an increase in light scatter with the naturally dilated pupil one week after treatment (t = 4.3, p << 0.01).  There is a regular improvement until 12 weeks (t = 0.1, p > 0.4); there was no change seen from 3 to 6 months.  Average preoperative intensity of light scatter was attained 3 to 4 weeks postoperative.  

Small Letter Contrast Test (SLCT)

This chart was designed to test ten different, equal sized, equal contrast letters (20/25 optotype at four meters distance) repeated, but randomly sequenced with decreasing contrast (0.10 log units of contrast per line) for thirteen lines.  The chart was placed at 3.75 or 4.0 meters making a full-length dimension of the letters equal to 13-14 cycles/degree (cpd).  Results were scored by giving a –0.10 log contrast for every line read completely and –0.01 log contrast units was added for every letter read correctly at lower contrast.  Each eye was tested photopically (100 cd/m2) with best-corrected visual acuity through a phoropter.  Figure 10 plots SLCT scores over time before and after treatment in the VR study.  The preoperative contrast level was –1.02 ± 0.23 log.  There was a significant (t-test, p = 0.01) reduction in sensitivity at 1 week (–0.66 ± 0.33 log).  Preoperative levels of contrast acuity were regained by 4 weeks post-operative.

Mesopic Contrast Threshold with and without Glare (Mesoptometer)

Figure 11a through 11d displays the preoperative, as well as 1, 3, and 6 months post-operative frequency of mesopic threshold for patients from the Visual Recovery study (n = 80).  [Their ability to distinguish the gap in a Landolt C (gap = 8 cpd) with a background illumination of 0.10 cd/m2, with and without a simulated headlight glare (presented 3( from fixation at 3.5 lux).]  check this sentence; it doesn’t seem complete. There was no significant shift in frequency distributions of change in threshold relative to the untreated eye (Wilcox Paired T, P>0.2).  This indicates no significant shift in mesopic contrast sensitivity, with or without glare, one month or more after the procedure.  

A European Union standard has been established for licensing commercial auto and truck drivers to be able to operate at night.  It is a simplified version of the mesoptometer known as the mesotest.  To drive a taxi at night requires the ability to see the Landolt “C” at a 1:5 contrast level with headlight glare.  Truck drivers have a higher standard.  They must be able to detect the position of the “C” under glare at 1:2.7 contrast.  Both tests are performed under binocular conditions.  The patients examined in the visual recovery PRK study had monocular testing.  While the results therefore will not be indicative of passing the European standards, it is useful to compare the rate of failure before and after treatment, shown in the table below.  The number of patients who could not meet the night driving standard after PRK was no greater than before treatment using best spectacle correction.  

% failure
preop
3 month postop
12 month postop

Car
18%
11%
14%

Truck
27%
18%
20%

Functional Acuity and Contrast Test

Contrast sensitivity was measured using chart of circular gray tone sine wave grating patches on a constant gray background (Ginsburg, 1996).  The patients were tested one eye at a time with best corrected refraction (phoropter).  The test patches are large (3.25 inches, 8.25-cm diameter) and each patch is 0.15 log contrast lower than the one to the left.  The chart was tested at a distance of 5.2 meters making the patches greater than 0.8 degrees of the visual hemisphere and the frequencies tested 3, 5, 10, 21, and 31 cpd (5 lines, 9 levels of contrast each).  Figure 12 depicts the changes from preoperative FACT results in the VR study.  [At all frequencies, there was a decrement in contrast sensitivity one week after treatment, and the higher frequency (10, 21, and 31 cpd) discrimination recovered to preoperative levels 4 to 6 weeks after treatment (F > 40, p << 0.01).  The 10 and 21 cpd contrast test showed the greatest loss after PRK treatment.  This is consistent with a disturbance in the optic system of the eye (Ginsburg, 1986).  On average, this change for the 10 and 21 cpd discrimination is resolved by 6 to 8 weeks after surgery (t < 2.5, p>0.1).]  Recommend reviewing and re-wording this last section [in brackets].  Two of the sentences contradict.  One says 10, 21 and 31 recover to preop by 4-6 weeks.  Then it says the change for 10 and 21  is resolved by 6-8 weeks.  Also, the statement “This is consisitent with a disturbance in the optic system of the eye” seems sort of vague…what does that mean?
SAFETY

Best corrected visual acuity

Best corrected acuity (BCVA) was tested with the subject viewing through a phoropter. Visual acuity  was evaluated with an ETDRS self-illuminated eye chart at a four-meter test distance (Lighthouse Second edition, New York, NY).  Room illumination was standardized and verified with a hand-held meter for all acuity measurements.  Scoring was identical to uncorrected visual acuity testing.

Stability of BCVA was assessed by comparing the LogMAR values at the preoperative and 1 week, 1, 3 ,6, and 12 months post-operative time periods.  A repeated measures analysis of variance showed that there were significant differences over time (p = .001).  Pair-wise comparisons using the Scheffe test were performed to isolate differences between time points, revealing that there was a significant difference between the mean BCVA at 1 week and the mean BCVA of the preoperative and 1, 3, 6, and 12 months postoperative (p = .001).  In addition, 1 month post-operative BCVA was significantly different than the 3 (p = 0.024), 6 (p = 0.045) and 12 (p = 0.043) month post-operative time periods.  No other significant differences were found.  It appears that the eyes recovered preoperative BCVA levels at 1 month.  Stability was reached at 3 months post-operative.  The summary of LogMAR results is displayed in Table 5. 

At 1 week post-operative, 48% of the treated eyes experienced a loss of one or more lines of BCVA.  Of these, 4% had a loss of more than two lines.  At four weeks, 26% of the treated eyes experienced a loss of 1 or more lines and 1% had a loss of more than two lines.  At 3 months, 17% had a loss of 1 or more lines with 1% of those eyes losing more than two lines.  By the 6th post-operative month, 50% of the treated eyes had no change from preoperative BCVA and 0.33% had lost more than two lines of BCVA.  At 12 months, 6% had a gain of 2 or more lines, 31% gained 1 line, 44% had no change, 15% lost one line, 2% lost 2 lines, and 0.24% had a loss of more than 2 lines BCVA (See Figure 13).
The distribution of the final visit (6 or 12 month) BCVA is displayed in Figure 14. Of the treated eyes, 99.5% were correctable to 20/20 or better.   Thirty-eight percent were correctable to 20/16 and 50% were correctable to 20/12.5 or better.

The worst correctable vision at the last post-operative visit (6 or 12 month) were 4 eyes that were only correctable to 20/25.  However, three of these eyes had a BCVA of 20/25 preoperative.  Therefore the incidence of eyes that were not correctable to at least 20/20 on the final examination that were correctable before surgery was 0.13%, or one out of 742 eyes.  This person suffered late development of corneal haze (see Complications).

Haze

Corneal clarity was subjectively evaluated by biomicroscopic examination and graded on a standard five point scale (clear (0), trace (1), mild (2), moderate (3), or severe (4)).  Generally, trace and mild haze is visually insignificant and the result of the normal healing response after the procedure.  Frequency distribution of post-operative haze scores is displayed in Figure 15.  Haze is apparent early in recovery.  At the 4 week post-operative exam, 50% of the treated eyes experienced a trace of haze.  The haze appears to peak at 3 months with 55% having a trace of haze and 35% having mild haze.  At six months, haze scores start to diminish, with 49% having clear corneas, 43% having a trace of haze, and 39% having moderate haze.  At 12 months, 64% of the eyes were clear and 32% of the eyes had a trace of haze.  Summary haze scores are displayed in Table 5.

Distribution of haze scores for the final visit (6 or 12 months) are displayed in Figure 16.  Fifty-five percent of the treated eyes were clear and 39% of the eyes had a trace of haze.  Of the treated eyes, 4.6% had mild haze and 1.2% had moderate haze.  No eyes had severe haze at any postoperative visit.

Complications

A loss of more than 2 lines in BCVA occurred in 0.31% of treated eyes 6 months after surgery and 0.23% 12 months postoperative.  One eye of 742 was not correctable to at least 20/20 at the final examination that was correctable before surgery.  This eye had late development of haze with a loss of BCVA.

Refractive complications include induced astigmatism greater than 2D (0.53% at 6 months and 0% at 12 months) and overcorrection by more than 1.0D (4.4% at 6 months and 4.1% at 12 months).

No eye had an intraocular pressure above 22mm Hg on any examination.

One eye suffered a corneal ulcer.  The patient presented one week after uneventful surgery to correct –5.38D of myopia complaining of blurred vision without pain.  A small epithelial defect (0.4mm) was noted with underlying infiltrate at the edge of the treated and untreated cornea.  Topical flouromethalone was discontinued and 0.3% ciprofloxacin was prescribed hourly.  A culture of the infiltrate did not yield any organisms.  The patient did well and healed within 3 days.  The most recent examination 12 months postoperative demonstrated an uncorrected vision of 20/20 with a refraction of +0.25 sphere combined with -0.75 astigmatism axis 175.  There was no loss of best corrected vision.

One patient received the wrong treatment and was unintentionally over corrected in both eyes.  The wrong chart was used for the treatment parameters.  A root cause analysis of the incident resulted in a new set of laser operating procedures.  The patient subsequently underwent hyperopic retreatment and has done well.
Two patients have suffered recurrent erosions within the ablation area between 1 and 3 months postoperative.  There were no pre-existing corneal conditions or erosions.  The patients were placed on hypertonic NaCl drops and ointment.  One patient subsequently underwent retreatment for undercorrection and has remained erosion free.  The other patient utilizes a maintenance dose of hypertonic solution.

Three patients have refused treatment in their second eye.  Their preoperative and latest examinations are displayed in Table 7.  Patient (1) refused treatment because of poor uncorrected vision.  The patient had 20/63 UCVA correctable to 20/20, 1.5D of astigmatism, and 2 to 3+ haze 6 months after treatment.  This patient is awaiting retreatment.  Patient (2) refused treatment because of poor night vision described as a general reduction in the ability to see at night without specific glare complaints.  This patient had 20/16 UCVA with 1+ haze 18 months after treatment.  A trial of glasses with full correction relieved most of the night symptoms.  Patient (3) refused treatment also because of poor night vision.  The symptoms were described as a mist around lights at night.  The UCVA was 20/25 correctable to 20/12.5 with –1.0D of residual myopia.

Retreatments

To be eligible for retreatment, the UCVA had to be worse than 20/20 with a stable refraction as indicated by no more than 0.50D of change in either sphere or cylinder over the preceding 3 months.  A total of 34 eyes of 32 patients underwent retreatment.  Emmetropia was the goal in all retreatments.  The average original preoperative MSE was –3.11 ( 1.44D (range, -1.25 to 

-7.38D).  Retreatment was performed an average of 11 ( 7 months (range, 4 months to 3 years) postoperative.  Before retreatment, the average MSE was –1.05 ( 0.59D (range, -2.50 to +1.63D) indicating a low level of residual myopia.  The most recent examination after retreatment averaged 6 ( 5 months (range, 1week to 1.5 years).  The average MSE after retreatment was 0.00 ( 0.44D (range, -1.00 to +1.00).  Table 8 reviews all eyes that underwent retreatment 

Uncorrected vision was enhanced by the retreatment and best corrected vision was maintained.  The average UCVA before retreatment was +0.34 ( 0.14LM (20/25 to 20/100) which improved to –0.05 ( 0.09LM (20/12.5 to 20/32) afterwards.  The percentage of eyes achieving 20/20 or better UCVA after retreatment was 91%.  The average original preoperative BCVA was –0.13 ( 0.06LM (20/12.5 to 20/20), pre-retreatment was –0.11 ( 0.07LM (20/12.5 to 20/20), and post-retreatment the average BCVA was –0.13 ( 0.06LM (20/12.5 to 20/20).  All retreated eyes maintained at least 20/20 BCVA.

The refractive accuracy, improvement in UCVA, and maintenance of BCVA after retreatment indicate that retreatments are as successful as primary treatments when correcting low levels of myopia.

 Table 7.  Summary of Patients that Refused Treatment of 2nd Eye


Preoperative

Manifest Refraction         BCVA      UCVA    Haze
Last Visit

Month     Manifest Refraction       BCVA        UCVA     Haze

1


   -3.75 – 1.25 x 012             20/16        20/800       0
      6           -0.25 – 1.50 x 005        20/20 –1       20/63 –1    2-3

2


   -5.75 – 0.50 x 100            20/12.5      20/800       0
     18         +0.75 – 1.00 x 085        20/12.5 –2    20/16 –1       1

3


        -5.75 – sph                   20/10        20/200       0
     24               -1.00 – sph              20/12.5 –2    20/25 –2       0

Haze scores are based on a 5 point scale: 

0 = clear, 1= trace, 2=mild, 3=moderate, 4=severe

Table 8. Refraction, BCVA, UCVA Summary of Patients who Received Retreatment 

Eye
Pre-op

Refraction
Pre-op BCVA
Pre-Retreat Visit
Pre-Retreat Refraction
Pre-Retreat BCVA
Pre-Retreat

UCVA
Last Visit

Since Retreatment
Last Visit Refraction
Last Visit BCVA
Last Visit UCVA

1
-5.00 – 1.75 X 180
20/16
1 yr 8 mo
+2.25 – 1.50 X 006
20/12.5 –1
20/40
3 mo
-0.25 – 1.50 X 135
20/16
20/25 –1

2
-1.25 – sph
20/12.5
7 mo
-0.75 – 0.25 X 085
20/12.5 –1
20/32 -2
1 mo
-0.50 – 0.25 X 180
20/12.5
20/12.5 –1

3
-3.00 – sph
20/12.5  -1
6 mo
-0.75 – 0.50 X 145
20/12.5
20/50
3 wk
+0.25 – sph
20/12.5
20/12.5 –2

4
-4.75 – 1.00 X 153
20/12.5  –1
7.5 mo
-1.00 – 0.50 X 170
20/16
20/32 –2
11.5 mo
0.00 – 0.75 X 156
20/16
20/16 –2

5
-2.50 – 0.25 X 175
20/16
9.5 mo
-0.75 – 1.50 X 075
20/16
20/50
6.5 mo
+0.50 – 0.75 X 168
20/16 +2
20/16 –2

6
-2.25 –1.25 X 080
20/16
1 yr 4 mo
-0.75 – 0.50 X 145
20/12.5
20/40
6 wk
0.00 – 1.00 X 075
20/12.5 –1
20/20 –1

7
-2.50 – 1.50 X 160
20/16  –1
1 yr
+1.25 – 0.75 X 180
20/16
20/25 –2
1 mo
+0.50 – sph
20/12.5 +2
20/12.5 –2

8
-2.25 – 0.25 X 072
20/16
10 mo
-0.50 – 0.50 X 036
20/16
20/40 –2
6.5 mo
+0.25 – 0.75 X 065
20/16
20/16

9
-1.25 – 3.25 X 012
20/16  –1
1 yr
-0.75 – 1.00 X 020
20/16
20/40 –1
1 yr 1 mo
-0.25 – 1.00 X 013
20/16
20/25 +1

10
-1.75 – 0.25 X 100
20/16  +3
1 yr 2 mo
-0.75 – 0.50 X 085
20/12.5 –1
20/40 –1
10 mo
+0.00 – 0.25 X 030
20/12.5
20/16 +1

11
-2.50 – 3.25 X 180
20/16  –1
6.5 mo
-1.25 – 0.50 X 165
20/16 –1
20/50
1 yr 1.5 mo
+0.50 – 1.00 X 175
20/16 –1
20/20 –1

12
-6.25 –0.50 X 077
20/16
1 yr 7.5 mo
-1.00 – 0.25 X 074
20/16
20/25
4.5 mo
+0.75 – sph
20/12.5
20/16 –2

13
-7.25 – 0.25 X 096
20/16
1 yr 5.5 mo
-1.25 – 0.25 X 051
20/16
20/40
4.5 mo
-0.25 – sph
20/12.5 –1
20/16 –1

14
-1.75 – 0.25 X 175
20/12.5
6.5 mo
-1.25 – 0.50 X 035
20/16 –1
20/63 –1
7.5 mo
+0.25 – 0.25 X 180
20/16
20/16

15
-1.75 – 0.25 X 080
20/16
4.5 mo
-0.75 – 0.50 X 085
20/20 +2
20/50
10 mo
+0.50 – 0.75 X 105
20/12.5 –2
20/16 –1

16
-2.50 - .050 X 151
20/12.5
7.5 mo
-0.50 – 0.25 X 140
20/16
20/40
6.5 mo
+0.75 – 0.25 X 150
20/16
20/20 –2

17
-1.50 – 0.25 X 008
20/16  –1
7.5 mo
-1.25 – 0.50 X 105
20/16 –1
20/50
1 wk
+0.75 – 0.25 X 005
20/16 +2
20/16

18
-1.75 – sph
20/16
7.5 mo
-1.00 – 0.25 X 140
20/12.5
20/40
1 wk
+0.25 – sph
20/12.5
20/12.5

19
-2.25 – 0.50 X 132
20/16  –1
6.5 mo
-0.50 – 0.50 X 150
20/16 –1
20/63
5 wk
+0.25 – 0.50 X 170
20/16
20/16

20
-3.00 – sph
20/16
1 yr 8 mo
-0.75 – 0.50 X 019
20/20
20/80 –1
5 wk
0.00 – 0.50 X 006
20/16
20/20

21
-4.25 – 0.75 X 152
20/12.5
5 mo
-1.50 – 0.50 X 165
20/32 +2
20/63 +2
1 yr 7.5 mo
+0.25 –0.25  X 008
20/20
20/16 –2

22
-2.00 – sph
20/12.5  –2
6.5 mo
-2.25 – 0.50 X 135
20/16 –1
20/80
1 yr
+0.25 – 0.50 X 145
20/20
20/25

23
-3.25 – sph
20/12.5  –1
1 yr 4 mo
-0.75 - sph
20/12.5 –2
20/40 –1
1 mo
+0.50 – 0.75 X 025
20/12.5
20/12.5

24
-4.00 – 0.75 X 155
20/12.5
1 yr 4 mo
-0.75 – 0.25 X 151
20/16
20/30
1 mo
+0.75 –0.75 X 170
20/16 –1
20/20

25
-1.75 – 0.25 X 140
20/16
1 yr
-1.25 - sph
20/16
20/63
4 mo
0.00 – 0.50 X 166
20/12.5 –1
20/16 –2

26
-1.50 – 0.50 X 179
20/12.5
1 yr 4 mo
-1.25 - sph
20/16
20/50
4 mo
+0.25 – 0.50 X 025
20/12.5 –1
20/16 +2

27
-3.75 –1.25 X 155
20/16
6.5 mo
-1.25 – 0.25 X 142
20/16 –2
20/63
7.5 mo
+0.25 –0.75 X 156
20/16 –2
20/20 –1

28
-2.00 – 0.75 X 097
20/16
11 mo
-0.75 - sph
20/16 +3
20/30
9 mo
+0.25 – 0.50 X 095
20/16
20/16 –1

29
-1.25 -0.75 X 176
20/16  +2
1 yr 7.5 mo
-0.75 – 0.50 X 015
20/16 +1
20/30 +1
6.5 mo
+0.75 – 0.50 X 016
20/16
20/16 –2

30
-3.00 – 0.25 X 148
20/12.5
6.5 mo
-0.50 – 0.50 X 170
20/16
20/30 –1
7.5 mo
+0.50 – 0.50 X 171
20/16 –1
20/20

31
-2.00 –1.50 X 074
20/10
9.5 mo
-0.75 – 0.75 X 080
20/12.5 –1
20/50
1 yr 1 mo
-0.50 – 0.50 X 083
20/12.5 –2
20/32 +2

32
-2.50 – 0.25 X 163
20/16
6.5 mo
-0.75 – 0.50 X 170
20/16
20/40 –1
6 mo
+0.25 – 0.75 X 175
20/16
20/20 –1

33
-2.50 – 1.50 X 170
20/16
10 mo
-1.00 – 0.75 X 165
20/12.5 –2
20/80 –1
1 yr 3 mo
-0.25 – 0.75 X 170
20/12.5 –1
20/16 –1

34
-3.50 – 0.75 X 140
20/12.5
3 yrs
-0.50 – 0.75 X 045
20/16
20/40 -1
6 wk
0.00 – 0.50 X 017
20/12.5
20/16 -1
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