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ABSTRACT

PURPOSE: To evaluate the causes of laser program-
ming errors in refractive surgery and outcomes in these 
cases.

METHODS: In this multicenter, retrospective chart re-
view, 22 eyes of 18 patients who had incorrect data 
entered into the refractive laser computer system at the 
time of treatment were evaluated. Cases were analyzed 
to uncover the etiology of these errors, patient follow-up 
treatments, and fi nal outcomes. The results were used 
to identify potential methods to avoid similar errors in 
the future.

RESULTS: Every patient experienced compromised un-
corrected visual acuity requiring additional intervention, 
and 7 of 22 eyes (32%) lost corrected distance visual 
acuity (CDVA) of at least one line. Sixteen patients were 
suitable candidates for additional surgical correction to 
address these residual visual symptoms and six were 
not. Thirteen of 22 eyes (59%) received surgical fol-
low-up treatment; nine eyes were treated with contact 
lenses. After follow-up treatment, six patients (27%) still 
had a loss of one line or more of CDVA. Three signifi -
cant sources of error were identifi ed: errors of cylinder 
conversion, data entry, and patient identifi cation error.

CONCLUSION: Twenty-seven percent of eyes with la-
ser programming errors ultimately lost one or more lines 
of CDVA. Patients who underwent surgical revision had 
better outcomes than those who did not. Many of the 
mistakes identifi ed were likely avoidable had preventive 
measures been taken, such as strict adherence to pa-
tient verifi cation protocol or rigorous rechecking of treat-
ment parameters.

[J Refract Surg. 2013;29(5):303-310.]

edical errors represent a costly, potentially dev-
astating problem that affects every specialty in 
medicine. Heightened awareness of the inci-

dence and sources of medical errors has led to implementa-
tion of numerous preventive measures designed to reduce 
their occurrence. In surgery, the “timeout,” a mandatory 
pause prior to any procedure, is designed to give the physi-
cian and support staff the opportunity to reconfi rm the in-
tended procedure and patient identity, and has been imple-
mented across the country. Despite this and multiple other 
safeguards, medical errors during surgery continue to be 
problematic, and refractive surgery is no exception. With 
the vast number of patients undergoing laser vision correc-
tion annually, medical errors during refractive surgery do 
occur. Yet, there are currently no established data regarding 
the incidence or cause of medical errors during refractive 
surgery, nor are there data on the postoperative sequelae in 
affected patients.

In this retrospective case series, we focused on errors that 
occurred during the preoperative period that were directly at-
tributable to incorrect or inaccurate programming of the laser 
programming software. The goal of this study was to identify 
the causes of preventable errors during refractive surgery to 
increase the awareness among refractive surgeons and there-
by help prevent future errors from occurring.
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PATIENTS AND METHODS
The cases of 18 patients were identifi ed by ophthal-

mologists around the United States in private practice 
and in academic institutions and were submitted to 
the researchers at The Moran Eye Center at Univer-
sity of Utah. In most cases, the patients had received 
their initial surgery at an alternate site and had been 
referred to the submitting surgeon for evaluation af-
ter the initial surgical error occurred. The data ana-
lyzed from each submitted case included the follow-
ing: demographics, preoperative manifest refraction, 
preoperative corrected distance visual acuity (CDVA), 
programmed refractive data, type of procedure, type 
of error, postoperative manifest refraction, postopera-
tive CDVA, follow-up treatment, and fi nal visual acu-
ity (VA). Following the categorization of the patients 
based on the identifi ed source of the error, the postop-
erative treatment and visual outcomes were analyzed. 
In most cases, decisions regarding the postoperative 
treatment were made by the surgeon who committed 
the initial error. Patient data were analyzed in the or-
der they were received and each patient was assigned 
a number as identifi cation.

CASE REPORTS
PATIENT 9 – DATA ENTRY ERROR

A 56-year-old man presented for photorefractive 
keratectomy. The patient was hyperopic with a mani-
fest refraction of +3.50 -0.50 ! 075 in the right eye. 
The intended treatment was +3.80 -0.50 ! 075 in 
the right eye, but the sphere sign was incorrectly en-
tered as negative (-), resulting in a treatment of -3.80 
-0.50 ! 075 in the right eye (Figure 1). The patient 
received a myopic rather than hyperopic treatment. 
At 3 weeks postoperatively, uncorrected distance vi-
sual acuity (UDVA) was 20/400 in the right eye and 
CDVA was 20/20 with a manifest refraction of +6.00 
+0.75 ! 070. The treating surgeon decided the patient 
was not a candidate for additional surgical treatment 
so the patient was treated with soft contact lenses of 
+6.00 sphere in the right eye resulting in a contact 
lens CDVA of 20/25.

PATIENT 16 – CYLINDER CONVERSION ERROR
A 36-year-old man presented for LASIK. This patient’s 

preoperative manifest refraction was -6.00 -2.00 ! 180 
in the right eye. His intended treatment was -8.00 +2.00 
! 90 in the right eye, but the data were incorrectly en-
tered as -8.00 +2.00 ! 180 due to cylinder conversion 
error. Postoperative manifest refraction in the right eye 
was -1.00 +4.25 ! 100 (Figure 2). Postoperative UDVA 
was 20/60 and CDVA was 20/30 with contact lenses. 
The treating surgeon determined the patient was a good 
candidate for LASIK enhancement to correct this error. 
During enhancement, a second cylinder conversion er-
ror occurred. The intended revision was -1.00 +4.25 ! 
100 in the right eye, but the manifest refraction data were 
entered as -1.00 +4.24 ! 010, doubling the patient’s astig-
matism (from +4.25 to +7.50 diopters [D]). His manifest 
refraction after the second error was +1.25 +7.50 ! 130 
in the right eye with UDVA of 20/100. At this point, the 
treating surgeon decided the patient was not a candidate 
for further LASIK enhancement. The patient received 
limbal relaxing incision followed by a second limbal re-
laxing incision with hyperopic photorefractive keratec-
tomy. His fi nal CDVA was 20/40 with spectacles.

PATIENT 11 – PATIENT IDENTIFICATION ERROR
A 47-year-old man presented for LASIK. His preop-

erative manifest refraction was -7.00 +1.00 ! 100 in 
the right eye and -6.00 + 1.00 ! 080 in the left eye. 
He was misidentifi ed as another patient in the waiting 
room, and received another patient’s treatment of -3.00 
+0.50 ! 009 in the right eye and -3.00 +1.00 ! 005 
in the left eye. Postoperatively, his manifest refraction 
was -3.00 +1.00 ! 105 in the right eye and -2.50 +1.75 
! 095 in the left eye. The treating surgeon decided 
the patient was a candidate for LASIK enhancement 
to correct this error. The patient received LASIK re-
treatment, which resulted in a fi nal UDVA of 20/20.

RESULTS
Twenty-two cases of error were identifi ed in 18 pa-

tients; 15 were unilateral, 3 were bilateral, and 2 errors 
occurred in the same eye during separate procedures in 
one case. Mean preoperative CDVA was 20/20.45 ± 2.13 
(range: 20/20 to 20/30, n = 22). Three causes of error were 
identifi ed: cylinder conversion (12 eyes), data entry (7 
eyes), and patient identifi cation (4 eyes) (Table 1). Mean 
CDVA after initial surgery was 20/24.50 ± 9.86 (range: 
20/15 to 20/60, n = 21). Seven of 22 eyes (32%) experi-
enced an initial loss of CDVA of at least one line; two lost 
one line, three lost two lines, and two lost three lines. 
The safety index was 1.20 (mean postoperative CDVA/
mean preoperative CDVA). Postoperatively, all patients 
required additional correction (Figure 3).

Figure 1. Sphere sign inversion during photorefractive keratectomy.
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Figure 2. Preoperative (left) and postoperative (right) topography for a patient who experienced cylinder conversion error in the left eye. Preoperatively, 
the patient had 2.37 diopters (D) of cylinder with a steep K at axis of 82°. Postoperatively, this increased to 3.12 D of cylinder with a steep K of 74°.

TABLE 1
Patient Demographics

Case Age (y) Gender Eye Preoperative CDVA Procedure Error Type Notes

1 49 N/A Unilateral 20/20 LASIK Data Entry Cycloplegic refraction used in place of 
manifest refraction

2 38 N/A Unilateral 20/20 LASIK Timeout

3 38 Male Unilateral 20/20 LASIK Cylinder Conversion

4 40 Female Unilateral 20/20 LASIK Cylinder Conversion

5aa 29 Female Bilateral 20/20 PRK Data Entry Decimal point in wrong location

5ba 29 Female Bilateral 20/20 PRK Data Entry Decimal point in wrong location

6 47 N/A Unilateral 20/20 LASIK Data Entry Patient’s pupil size used for cylinder value

7aa 27 N/A Bilateral 20/20 PRK Cylinder Conversion

7ba 27 N/A Bilateral 20/20 PRK Cylinder Conversion

8 N/A N/A Unilateral 20/20 LASIK Cylinder Conversion

9 N/A Male Unilateral 20/20 PRK Data Entry Sphere sign inversion

10 35 Female Unilateral 20/20 LASIK Cylinder Conversion

11aa 49 Male Bilateral 20/20 LASIK Timeout Patient responded to wrong name in 
waiting room

11ba 49 Male Bilateral 20/20 LASIK Timeout Patient responded to wrong name in 
waiting room

12 N/A Male Unilateral 20/20 LASIK Timeout Doctor called patient by the wrong name 
during time out

13 N/A Female Unilateral 20/20 LASIK Data Entry Original LASIK treatment used in 
re-treatment

14 49 Female Unilateral 20/20 LASIK Cylinder Conversion

15 54 Female Unilateral 20/20 LASIK Cylinder Conversion

16b 36 Male Unilateral 20/20 LASIK Cylinder Conversion Second cylinder conversion error 
occurred during revision of initial 

cylinder conversion error

16b 36 Male Unilateral 20/30 LASIK Cylinder Conversion

17 36 Male Unilateral 20/20 LASIK Data Entry

18 54 Male Unilateral 20/20 LASIK Cylinder Conversion

CDVA = corrected distance visual acuity; N/A = data not available; data entry = errors associated with incorrect entry of refraction data into the laser system; time-
out = efforts associated with failure to correctly or completely comply with proper timeout procedure; PRK = photorefractive keratectomy
aExperienced bilateral errors.
bExperienced separate errors during two separate procedures in the same eye.
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Sixteen eyes (73%) were determined to be accept-
able surgical candidates by their treating surgeon and 
were offered further surgical correction, but three de-
clined further surgery. Of the 13 patients re-treated sur-
gically, 2 patients required multiple procedures. Sev-
enteen total procedures were performed on 9 eyes, an 
average of 1.31 ± 0.85 (range: 1 to 4, n = 13) per eye. Of 
the surgically treated eyes, 11 of 13 had a fi nal VA of 
20/25 or better. The only eyes that did not achieve a VA 
of 20/25 or better belonged to patient 16. There were 9 
eyes treated with contact lenses. Of these, 6 represent-
ed eyes judged to be poor surgical candidates by their 
treating surgeon; these eyes had a contact lens CDVA 
of 20/27.5 ± 11.29 (range: 15 to 40, n = 6). Three of the 
nine eyes treated with contact lenses were offered fur-
ther surgical treatment but declined; they achieved a 
mean contact lens CDVA of 20/20 ± 0. The mean VA for 

Figure 3. Lines of corrected distance visual acuity (VA) lost due to laser 
programming error, by error group, prior to re-treatment.

TABLE 2

Follow-up Treatment and Outcomes

Case Error Postoperative CDVA
Surgical Candidate for 

Re-treatment Follow-Up Treatment
Postoperative 

Follow-Up CDVA 

3 Cylinder Conversion 20/20 Yes LASIK revision 20/20

4 Cylinder Conversion 20/15 Yes LASIK revision 20/20

7aa Cylinder Conversion 20/20 No Contact lenses 20/15

7ba Cylinder Conversion 20/20 No Contact lenses 20/15

8 Cylinder Conversion 20/20 Yes Astigmatic keratotomy 20/20

10 Cylinder Conversion N/A Yes LASIK revision 20/25

14 Cylinder Conversion 20/20 Yes LASIK revision 20/20

15 Cylinder Conversion 20/20 Yes LRI, LRI, PRK, PRK 20/20

16b Cylinder Conversion 20/30 Yes LASIK revisionb 20/60

16b Cylinder Conversion 20/60 Yes LRI, LRI, & hyperopic 
PRK

20/40

18 Cylinder Conversion 20/20 Yes Contact lenses 20/20

1 Data Entry 20/25 Yes Conductive keratoplasty 20/20

5aa Data Entry 20/30 No Contact lenses 20/40

5ba Data Entry 20/30 No Contact lenses 20/40

6 Data Entry 20/40 No Contact lenses 20/30

9 Data Entry 20/20 No Contact lenses 20/25

13 Data Entry 20/20 Yes Contact lenses 20/20

17 Data Entry 20/20 Yes Contact lenses 20/20

2 Timeout 20/20 Yes LASIK revision 20/25

11aa Timeout 20/20 Yes LASIK revision 20/20

11ba Timeout 20/20 Yes LASIK revision 20/20

12 Timeout 20/20 Yes LASIK revision 20/20

CDVA = corrected distance visual acuity; N/A = data not available; LRI = limbal relaxing incision; PRK = photorefractive keratectomy
aCases wherein the patient experienced bilateral errors. 
bError occurred during follow-up treatment.
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all 22 eyes after last follow-up treatment was 20/25.23 ± 
10.74 (range: 20/15 to 20/60, n = 22). Seven eyes (38%) 
lost at least one line of CDVA (Table 2, Figures 4 and 5).

CYLINDER CONVERSION ERROR
Cylinder conversion errors occurred in 11 eyes 

(Table 3). Initial mean postoperative CDVA was 
20/22.2 ± 7.17 (range: 20/15 to 20/40, n = 10). Mean 
increase in cylinder power after error was 1.27 ± 
0.87 D (range: 0.50 to 3.25 D, n = 11). The average 
percent increase in cylinder power was 167%. Nine 

of 11 eyes (81%) were determined to be candidates 
for enhancement surgery by their treating surgeon; 
of these, 1 patient (1 eye) declined further treat-
ment. Eight eyes were re-treated surgically. A total 
of 13 follow-up treatments were performed (LASIK 
= 5, astigmatic keratectomy = 1, limbal relaxing in-
cisions = 4, photorefractive keratectomy = 3). The 
average number of procedures per eye was 1.63 ± 
1.18 (range: 1 to 4, n = 8). Three eyes were treated 
with contact lenses. Final VA was 20/25 or better for 
83% (10 of 12). 

TABLE 3

Cylinder Conversion Errors: Preoperative, Treatment, and Postoperative Manifest Refraction

Case

Preoperative MR Treatment MR Postoperative MR
Change in 
Cylinder

Lines of VA Lost 
After Re-treatmentSphere Cylinder Axis Sphere Cylinder Axis Sphere Cylinder Axis

3 -5.87 1.75 71 -5.25 1.75 171 -1.25 2.25 70 0.50 0

4 -8.50 1.75 65 -7.38 1.75 153 -4.00 2.75 75 1.00 0

7aa -9.25 0.75 72 -8.00 1.50 165 -0.25 2.00 83 1.25 0

7ba -10.75 1.25 65 -9.25 2.00 165 -1.00 2.50 80 1.25 0

8 -4.00 2.00 150 4.00 2.00 70 -2.50 4.00 150 2.00 0

10 -8.50 2.50 85 -7.25 2.50 175 -3.50 3.50 175 1.00 1

14 -6.00 1.75 90 -6.00 1.75 180 -0.75 2.75 90 1.00 0

15 -9.50 4.50 19 -5.87 7.00 120 -5.25 6.25 13 1.75 0

16 -8.00 2.00 90 -8.00 2.00 180 -1.00 4.25 100 2.25 4

17 -1.00 4.25 100 1.00 4.25 010 1.25 7.50 130 3.25 3

18 -2.25 1.25 90 -3.50 1.25 180 1.00 0.00 0 1.25 0

MR = manifest refraction; VA = visual acuity
aError occurred in bilateral eyes.

Figure 4. Final lines of visual acuity (VA) lost by surgical versus nonsurgi-
cal candidates.

Figure 5. Final lines of visual acuity (VA) lost, by error group, after treat-
ment to correct the initial surgery.
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DATA ENTRY ERROR
Data entry errors occurred in seven eyes (Table 4). 

Causes of incorrect data were variable (Table 1). After 
initial surgery, mean CDVA was 20/26.42 ± 7.48 (range: 
20/20 to 20/40, n = 7). Three eyes of 7 patients (43%) 
were determined to be adequate surgical candidates for 
re-treatment by their treating surgeon; of these, one eye 
was treated surgically and two patients (2 eyes) declined 
further surgical intervention. One follow-up procedure 
was performed. Six eyes received contact lenses. Final 
VA was 20/25 or better in 57% (4 of 7 eyes). 

PATIENT IDENTIFICATION ERROR
Four eyes received the wrong treatment due to in-

correct identifi cation (Table 5). Mean postoperative 
CDVA was 20/21.25 ± 2.50 (range: 20/20 to 20/25, n 
= 4). All patients were determined to be adequate can-
didates for surgical enhancement by their treating sur-
geon and all opted for LASIK enhancement. The total 
number of follow-up procedures performed was four; 
the average number of procedures performed per eye 
was one. The fi nal VA was 20/25 or better in 100% (4 
of 4 eyes). 

DISCUSSION
Medical mistakes are an important topic in elective 

refractive surgery. When errors occur that compromise 
CDVA, this represents a signifi cant adverse outcome 
for the patient, even if only one line of vision is lost. 
It is therefore critical to take all possible measures to 
reduce the risk of errors during laser vision correc-
tion. Although medical errors have been extensively 
studied in other fi elds, there is currently a paucity of 
data on this topic within refractive surgery. This case 
series represents the largest collection of data to date 
on the errors committed during laser programming. 
Rodriguez-Zarzuelo et al.1 presented a case report of 
a bilateral cylinder conversion error during LASIK, 
and Karthikappallil2 described a case of data entry er-
ror secondary to misreading a handwritten chart. Ro-
driguez-Prats et al. presented three cases of program-
ming errors during LASIK; two errors were related to 
cylinder conversion and one to data entry error.3 The 
patients described in these reports were all re-treated 
with LASIK and achieved satisfactory visual outcomes.

All of the errors identifi ed in this case series were 
preventable. Errors of cylinder conversion were the 

TABLE 4

Data Entry Errors: Preoperative, Treatment, and Postoperative Manifest Refractions

Case

Preoperative MR Treatment MR Postoperative MR Lines of VA Lost 
After Re-treatmentSphere Cylinder Axis Sphere Cylinder Axis Sphere Cylinder Axis

1 -8.50 0 0 -10.50 0 0 3.00 0 0 0

5aa -2.00 1.25 110 7.37 1.25 110 4.50 0.75 70 3

5ba -0.75 1.00 90 7.25 1.00 90 5.25 0.50 5 3

6 -1.50 0.75 135 -7.00 6.50 135 1.25 3.25 45 2

9 3.00 0.50 165 -4.30 0.50 165 6.00 0.75 70 1

13 -0.75 0 0 -2.00 0.75 175 1.00 0.50 80 0

17 -6.00 0.50 120 -6.00 0.50 12 Plano 0.50 90 0

MR = manifest refraction; VA = visual acuity 
aError occurred in bilateral eyes.

TABLE 5

Patient Identification Errors: Preoperative, Treatment, and Postoperative Manifest Refractions

Case

Preoperative MR Treated MR Postoperative MR
Lines of VA Lost 

After Re-treatmentSphere Cylinder Axis Sphere Cylinder Axis Sphere Cylinder Axis

2 2.00 0 0 -4.50 1.75 90 2.00 2.00 70 1

11aa -7.00 1.00 100 -3.00 0.50 9.00 -3.00 1.00 105 0

11ba -6.00 1.00 80 -3.00 1.00 5.00 -2.50 1.75 95 0

12 -1.50 1.75 70 1.43 0.50 140 -2.25 2.25 160 0

MR = manifest refraction; VA = visual acuity 
aError occurred in bilateral eyes.
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most common, both in our case series and in the exist-
ing literature. The source of cylinder conversion error 
was most frequently related to simple mistakes com-
mitted while converting cylinder notation from nega-
tive to positive (or vice versa). Data entry error was the 
second leading cause of error. Although there was sig-
nifi cant variation in how these errors occurred, such 
as incorrect decimal point placement or switching the 
sphere sign, these errors should be avoidable with ad-
equate preventive measures. The fi nal source of error, 
treating the wrong patient, is entirely avoidable when 
proper timeout procedure is followed.

Overall, 27% of eyes with laser programming errors 
ultimately lost one or more lines of CDVA. The best 
outcomes were observed in eyes that were candidates 
for follow-up surgery. Patients who could not be re-
treated surgically had the worst outcome. Every eye in 
this group was dependent on contact lenses, and four 
eyes lost at least one line of CDVA despite corrective 
contact lenses. 

When analyzed by error, the eyes in the patient 
identifi cation failure group and cylinder conversion 
groups had similar outcomes. The patients in the data 
entry group had the worst outcome; their mean fi nal 
VA was almost two lines worse than the other groups. 
Our sample size is too small to determine whether this 
fi nding represents a trend or is simply coincidental. 
We hypothesize that outcome is not related to the type 
of error that occurred, but more research and a larger 
data set are needed to test this.

Although the implications of these data may be that 
most patients can achieve good outcomes after such 
errors, we argue that any loss of vision or any case that 
requires additional surgery to achieve their preopera-
tive CDVA represents a poor result. The potential for 
disastrous results is real and although many patients 
in this group were fortunate, we expect a larger study 
may reveal different outcomes.

Unfortunately, little information is available on this 
topic. An internal review of refractive surgery at the 
Moran Eye Center over 15 years yielded four cases of 
similar errors among roughly 10,000 cases, an inci-
dence of 1 in 2,500. This incidence is small, but not in-
signifi cant. Assuming our institution is representative 
of most refractive centers, and given that 700,000 to 
1,000,000 patients receive refractive surgery annually, 
we expect 280 to 400 similar errors occur each year. 
This further suggests that many refractive surgical er-
rors go either unrecognized or unreported.

By identifying sources of programming errors, this 
case series offers valuable insight into existing safety 
gaps. We consistently found cylinder conversion to be 
a leading cause of error; as such, it would seem a bet-

ter, fail-safe system is needed to ensure errors of con-
version do not occur. Data entry is a signifi cant prob-
lem throughout the healthcare fi eld. Data entry and 
transcription errors are responsible for roughly 26% of 
all medication errors, and the error rate in clinical da-
tabase entry is between 2.3% and 26.6%.4,5 Although 
these numbers may not be directly applicable to refrac-
tive surgery, this case series suggests data entry error is 
a signifi cant problem. 

We believe the timeout initiative offers a reasonable 
solution. In refractive surgery, the timeout should al-
ways include a comparison of the data programmed 
into the laser system to the data in the patient’s chart. 
If performed consistently before every surgery, this 
will reduce the incidence of data entry error. Addition-
ally, consistent adherence to proper timeout protocol 
will prevent treating the wrong patient. Despite new 
advances to laser surgery technologies allowing for the 
direct transfer of data to the laser platform for custom 
treatments, most laser platforms still require manual 
entry for conventional treatments. Therefore, as long 
as physicians continue to use conventional treatments, 
manual data entry will continue to be a possible source 
of error in refractive surgery.

It is impossible to discuss medical errors without 
considering the ethical and legal dilemmas such errors 
cause. Informing the patient of an error can be diffi cult, 
especially given the litigious nature of society, and the 
desire for honesty is often tempered by fear of legal ac-
tion. The surgeon may feel compelled to disguise the 
error and simply re-treat the patient without ever dis-
closing any error occurred.6 It should be noted that evi-
dence strongly recommends against this course. Nu-
merous studies have shown a patient’s decision to sue 
is based more on the perceived lack of communication 
between patient and physician than the actual error 
that occurred.7,8 Furthermore, when hidden errors are 
eventually uncovered, the repercussions for the sur-
geon are signifi cant and often disastrous. We therefore 
strongly recommend the surgeon immediately inform 
the patient in the event of any error during surgery.

Understanding the sources of error during refractive 
surgery is a critical step in prevention. With increased 
awareness of the sources of these errors, we may better 
identify methods to eliminate such errors. Clearly, more 
research is warranted to better understand the frequency 
of these errors, patient outcomes, and the effi cacy of basic 
preventative measures in eliminating programming er-
rors as a source of medical error during refractive surgery.

AUTHOR CONTRIBUTIONS
Study concept and design (MM, WWC, WBT); data collection 

(SBD, WWC, SEP, NAS, DBC, WBT); analysis and interpretation of 



310 Copyright © SLACK Incorporated

Medical Error in Refractive Surgery Revision/Moshirfar et al

data (RGS, SBD, SMC, JNE, SEP, NAS); drafting of the manuscript 
(MM, RGS, SMC, JNE); critical revision of the manuscript (MM, RGS, 
SBD, SMC, JNE, WWC, NAS, DBC, WBT); supervision (MM, JNE)

REFERENCES
 1. Rodríguez-Zarzuelo G, Galarreta-Mira D, Merayo-Lloves JM, et 

al. Refractive surprise after LASIK [article in Spanish]. Arch 
Soc Esp Oftalmol. 2005;80:547-549.

 2. Karthikappallil J. Induced astigmatism after laser in situ ker-
atomileusis. J Cataract Refract Surg. 2004;30:940-941.

 3. Rodríguez-Prats J, Ahmed AG, Ayala MJ, Alío JL. Induced astig-
matism after laser in situ keratomileusis. J Cataract Refract 
Surg. 2003;29:414-415.

 4. National Coordinating Council for Medication Error Report-
ing and Prevention. The First Ten Years: Defi ning the Problem 

and Developing Solutions. Rockville, MD: Author; December 
2005. Available at: http://www.nccmerp.org/pdf/reportFi-
nal2005-11-29.pdf

 5. Goldberg, SI, Niemierko A, Turchin A. Analysis of data er-
rors in clinical research databases. AMIA Annu Symp Proc. 
2008;242-246.

 6. Gallagher TH, Studdert D, Levinson W. Disclosing harmful 
medical errors to patients. N Engl J Med. 2007;356:2713-2719.

 7. Hickson GB, Clayton EW, Githens PB, Sloan FA. Factors that 
prompted families to fi le medical malpractice claims following 
perinatal injuries. JAMA. 1992;267:1359-1363.

 8. Levinson W, Roter DL, Mullooly JP, Dull VT, Frankel RM. 
Physician-patient communication: the relationship with mal-
practice claims among primary care physicians and surgeons. 
JAMA. 1997;277:553-559.


