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Purpose: To investigate the power use and complication frequency of resident-performed
laser peripheral iridotomy (LPI).

Methods: A retrospective analysis of 196 eyes from 103 patients who underwent neodymium:
yttrium-aluminum-garnet laser iridotomy performed by resident physicians from January 1,
2010 through April 30, 2015 at a university-based county hospital was done. All patients were
treated for primary angle closure, primary angle closure suspects, and primary angle closure
glaucoma. Data were collected on pre- and post-laser intraocular pressure (IOP), ethnicity,
laser parameters and complications. Mean power use and frequency of complications were
evaluated. Complications included elevated post-laser IOP at 30-45 minutes (=8 mmHg),
hyphema, aborted procedures, and lasering non-iris structures. The number of repeated LPI
procedures, was also recorded.

Results: Mean total power used for all residents was 78.2+68.7 mJ per eye. Power use by first-
year trainees was significantly higher than second- and third-year trainees (103.5+75.5 mJ versus
73.7£73.8 mJ and 67.2+56.4 mJ, respectively, p=0.011). Complications included hyphema or
microhyphema in 17.9% (35/196), IOP spikes in 5.1% (10/196), aborted procedures in 1.1%
(3/196) and lasering non-iris structures in 0.5% (1/196). LPI was repeated in 22.4% of cases
(44/196) with higher incidence of repeat LPT among non-Caucasian compared to the Caucasian
subjects (p=0.02). Complication rates did not differ with increased training (p=0.16).
Conclusion: Total power used for LPI decreased with increased resident training, while
the complication rate did not differ significantly among resident classes. Complication rates
were comparable to rates reported in the literature for attending-performed LPIs.
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Introduction

Laser peripheral iridotomy (LPI) has been widely used and accepted as a treatment
for all forms of angle closure glaucoma in which there is a component of pupillary
block and is used as a prophylactic treatment for angle closure suspects.'? During
ophthalmology residency training, the Accreditation Council for Graduate Medical
Education (ACGME) currently recommends that all residents perform a minimum of
5 LPI procedures prior to graduation.* Although LPIs are generally considered safe,
complications are known to occur. Complications include transient blurred vision,
intraocular pressure (IOP) rise, dysphotopsia, hyphema, closure of the iridotomy and
damage to other tissues.!** While a number of studies have reported on the typical
power use and complication rates among LPIs performed by attending and practicing
ophthalmologists,*® none have reported on the power use and complication rates
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among resident-performed LPIs. The purpose of this study
was to evaluate resident-performed LPIs and compare power
use and complication rates to published data for attending-
performed LPIs.

Materials and methods

This retrospective study was approved by the Institutional
Review Board of the University of Washington. This study
met the criteria for a Waiver of Consent and followed the
policies of the University of Washington Medicine for data
confidentiality. All patients between 18 and 99 years of age
who had received an LPI by any resident physician from
January 1,2010 to April 30, 2015 at the Harborview Medical
Center in Seattle, WA, were identified using procedure and
ACGME case log books. Exclusion criteria were attend-
ing physician participation, inadequate information in the
chart review, no follow-up after treatment, prior intraocular
surgery and prior LPI treatment with argon laser. Patients
were categorized based on 2015 American Academy of
Ophthalmology Primary Angle Closure Preferred Practice
Pattern’ and defined as follows: primary angle closure suspect
(PACS) (=180° iridotrabecular contact [ITC], normal IOP
and no optic nerve damage); primary angle closure (PAC)
(=180° ITC with peripheral anterior synechiae [PAS] or
elevated IOP, but no optic neuropathy); and primary angle
closure glaucoma (PACG) (=180° ITC with PAS, elevated
IOP and optic neuropathy).

Alllaser procedures were performed under the supervision
of an attending physician. The attending physician did not
physically perform any portion of the laser procedure in the
included patient population. Typically, patients received topi-
cal drops of tetracaine 0.5%, pilocarpine 1% and brimonidine
tartrate 0.2% in the operative eye. Depending on physician
preference, acetazolamide 250 mg or 500 mg was also given
as a pretreatment. All iridotomies were performed using an
Abraham lens (Ocular Abraham Iridectomy YAG laser lens;
Ocular Instruments, Bellevue, WA, USA) in conjunction
with hydroxypropyl methylcellulose as a coupling agent to
focus the laser. The LPI procedures were performed using
a neodymium:yttrium-aluminum-garnet (Nd:YAG) laser
(Visulas Yag II; Carl Zeiss Meditec, Jena, Germany). No drops
were administered after the treatment. Post-laser IOP was
checked 30-45 minutes after the laser procedure using a
Goldmann Applanation or a Tono-Pen AVIA Applanation
Tonometer (Reichert, Depew, NY, USA). Data were collected
on baseline demographics, indication for LPI, documented
laser parameters (total mJ used, mJ per shot and/or total
number of shots), pre- and post-procedure IOP, complications

and need for repeat procedure. Complications included ele-
vated IOP at 30—45 minutes after the LPI (=8 mmHg increase
in IOP compared to pre-laser IOP), hyphema of any amount,
aborted procedures and lasering non-iris structures. Clinical
data were gathered at baseline (the initial visit), immediately
after procedure, at | week and 1 month after laser.

The mean power use among the 3 groups was analyzed
using one-way analysis of variance. The ad hoc tests were
performed with Bonferroni adjustment. Results are expressed
as mean * standard deviation (SD). Complication rates
between the 3 types of glaucoma or the 3 resident classes
were analyzed by chi-square test or Fisher’s exact test. Spear-
man’s correlation was performed to measure association
between IOP spikes and energy use. Statistical analysis was
conducted using Statistical Package for the Social Sciences
(SPSS) Version 23.0 (IBM Corporation, Armonk, NY, USA)
with p<<0.05 considered statistically significant.

Results

A total of 221 eyes from 110 patients underwent Nd:YAG
laser iridotomy by resident physicians over the 5-year study
period. Of these, 196 eyes from 103 patients were included in
the study. The others were excluded due to lack of follow-up
after the LPI (15 eyes), inadequate charting (7 eyes) and
age <18 years (3 eyes).

Patient demographics are shown in Table 1. Patients had
amean (£SD) age of 60.45111.2 years, 64% were female and
most subjects (66.3%) had a diagnosis of PACS. Forty-two
percent of the patients had underwent bilateral LPI. The
baseline mean IOP before treatment was 19.48+11.1 mmHg
and at 30—45 minutes after the procedure the mean IOP was
18.30+7.8 mmHg. Approximately 25% of the procedures
were performed by residents during their first-year, 33% in
their second-year and 42% in the third-year. The mean total
power used by all residents was 78.25+68.9 mJ per eye,
which decreased significantly with increasing residency year
(p=0.011) (Table 2). A subgroup analysis revealed that mean
power use on LPIs decreased with increasing residency year
among Caucasian subjects (p=0.006), while no significant
change in power use was observed among non-Caucasian
subjects (p=0.23) (Table 2). Among the various subclasses
of angle closure, mean power use on LPIs performed on eyes
with PAC significantly decreased with increasing residency
year (p=0.0031), while mean power usage did not signifi-
cantly change over the years for other subclasses of angle
closure (Table 2).

The total intraoperative complication rate was 25%,
with hyphema or microhyphema occurring in 18% (35/196),
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Table | Baseline characteristics of subjects

Characteristics Subjects
Total procedures, n 196
Total patients, n 103
Total eyes, n (%) 196 (100)
Right eye, n (%) 110 (56)
Left eye, n (%) 86 (34)
Bilateral, n (%) 43 (42)
Age (years), mean = SD 60.45£11.2
Sex
Male, n (%) 39 (37.8)
Female, n (%) 64 (62.1)
Race
Caucasian, n (%) 41 (39.8)
African American/African, n (%) 22 (21.4)
Hispanic/Latino, n (%) 20 (19.4)
Asian/Native Americans, n (%) 20 (19.4)
Mean baseline IOP (mmHg) 19.48%11.1
Mean post-laser IOP (mmHg) 18.30+7.8
Diagnosis
Primary angle closure suspect, n (%) 130 (66.3)
Primary angle closure, n (%) 30 (15.3)
Primary angle closure glaucoma, n (%) 28 (14.2)
Uveitic glaucoma, n (%) 8 (4.0)
Resident
First-year, n (%) 48 (24.5)
Second-year, n (%) 65 (33.2)
Third-year, n (%) 83 (42.3)

Abbreviations: IOP, intraocular pressure; SD, standard deviation.

IOP spikes >8 mmHg in 5% (10/196) and lasering non-
iris structures in 0.005% (1/196) (Table 3). Complication
rates did not differ with increased training (p=0.16). LPIs
were repeated in 22.4% (44/196) of the time, and there was
no significant difference in the rate of repeat procedures
among resident classes (p=0.45). The greatest IOP spike
observed was an increase of 17 mmHg. A total of 8 patients
received 250 mg of acetazolamide 30 minutes prior to laser
treatment. Only 4 of these patients had a preoperative IOP
of >21 mmHg, and 2 of the 8 (25%) had post-laser IOP
spikes. Pre- or perioperative acetazolamide was given based
on provider preference.

Mean power and complication rates were also compared
between the different types of indications for LPI. The power

Table 2 Mean power use by year of training

used in patients who were diagnosed with PACS was signifi-
cantly lower than both PAC and PACG diagnoses (p=0.023),
while complication rates did not differ significantly (p=0.670)
(Table 4).

Additional subgroup analysis was performed compar-
ing Caucasian and non-Caucasian subjects (Table 5). The
mean power use on the Caucasian subjects did not differ
significantly when compared to non-Caucasians, nor did
total intraoperative complication rates. Complication rates
by ethnicity did not reveal significant differences among
differing levels of training (p=0.40). However, there was
a higher incidence of repeat LPI among the non-Caucasian
compared to the Caucasian subjects (34.4% versus 13.2%,
respectively; p=0.02). Additional analysis on energy use and
complication rates among uveitic versus non-uveitic eyes
did not reveal significant differences (p=0.68). There was
no correlation between post-LPI IOP elevation and energy
use (=0.046, p=0.90).

Discussion

This study reports the findings of a retrospective, single-center
study of LPI procedures performed by resident physicians.
The primary aim of the study was to evaluate the average
power use on resident-performed YAG LPI and whether
this changed with increasing resident experience. We found
significantly less power use between the first-, second- and
third-year residents with a 35% mean decrease between the
first- and third-year residents.

In a study performed by Lewis et al,’ the mean energy used
in YAG LPI varied from41.0 mJ to 49.0 mJ (range 3.1-198 mJ)
among different types of glaucoma. Jiang et al® presented mean
energy ranging from 146.0+£185.2 mJ to 205.8+118.5 mJ in
their Asian population. The study performed by Vera et al*
showed a mean total energy ranging from 41.5+48.2 mJ to
47.1£107 mJ in a mixed but predominately Caucasian and
Asian population. By the third-year of residency, the mean
power usage in Caucasian and non-Caucasian eyes (45+40 mJ
and 79.01£61.8 mJ, respectively) was quite comparable to the

Subgroups Total First-year Second-year Third-year p-value*
Mean power used in all subjects (m]) 78.2+68.7 (n=196)  103.5£75.5 (n=48) 73.7+73.8 (n=65) 67.2t56.4 (n=83) 0.011
Mean power used in Caucasians (m)) 68.7164.4 (n=68) 106.1+88.5 (n=17) 71.2+60.1 (n=22) 45.0+40.0 (n=29) 0.006

Mean power used in non-Caucasians (m))

Mean power used in primary angle closure suspect (m))
Mean power used in primary angle closure (m))

Mean power used in primary angle closure glaucoma (mj)

83.2470.6 (n=128)
70.7+62.4 (n=130)
90.5+65.7 (n=30)
107.11489.1 (n=28)

102.0+69.0 (n=31)
77.0457.9 (n=25)

142.5+72.5 (n=10)
135.6:86.4 (n=10)

75.0480.6 (n=43)
71.3468.2 (n=52)
86.9+41.1 (n=6)

130+126.8 (n=5)

79.0461.8 (n=54) 0.23
72.2458.6 (n=53) 0.93
60.0+38.5 (n=14)  0.0031
76.12462.5 (n=13) 0.22

Note: *p-value based on analysis of variance comparison of mean power used by year of training.
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Table 3 Complication rates by year of training

Complications Total First-year Second-year Third-year p-value*
(n=196) (n=48) (n=65) (n=83)

Elevated IOP 10/196 (5.1%) 0/48 (0.0%) 4/65 (6.2%) 6/83 (7.2%) 0.053

Aborted LPI procedure 3/196 (1.5%) 0/48 (0.0%) 2/65 (3.1%) 1/83 (1.2%) 0.31

Injury to cornea 1/196 (0.5%) 0/48 (0.0%) 1/65 (1.5%) 0/83 (0.0%) 0.33

Hyphema/microhyphema 35/196 (17.9%) 7/48 (14.6%) 12/65 (18.5%) 16/83 (19.3%) 0.78

Total 49/196 (25.0%) 7/48 (14.6%) 19/65 (29.2%) 23/83 (27.7%) 0.16

Note: *p-value based on analysis of variance comparison of complication rates by year of training.

Abbreviations: |IOP, intraocular pressure; LPI, laser peripheral iridotomy.

reported literature for Caucasian and Asian eyes (Table 2).
The amount of power used between PACS patients versus
PACG patients was also significantly different with PACG
patients requiring significantly more power (p=0.023). This
trend was not found or examined in other studies.*® Ethnicity
was our surrogate for iris color, since iris color was not rou-
tinely recorded. Interestingly, when examining power usage
by residency year for the various subtypes of angle closure,
a significant decrease in mean energy use was observed in
eyes with PAC only. The cause of this significant decrease
is unclear but may suggest that eyes with PAC are particu-
larly challenging for the novice residents and may warrant
additional structured teaching and supervision.

When the overall complication rates between the residents
were analyzed, there was no significant difference between
individual years of training. There was also no significant
difference in complication rates between the Caucasian and
the non-Caucasian subjects. However, there was a significant
increase in repeat LPI among the non-Caucasian subjects
(p=0.02). This difference may be due to the greater amount
of pigment dispersed and more inflammation of darker,
thicker irides among non-Caucasian eyes leading to closure of
the iridotomy. Alternatively, the openings created in thicker
irides may be smaller and thus more prone to closing. In this
patient population, there might be an indication to pretreat
with argon laser to thin and shrink the iris stroma. Although
power per shot used was not consistently documented,

one could argue that increased power settings may be more
effective by creating a concentrated force to penetrate the iris
stroma rather than multiple weak ineffective shots that just
disperse pigment while minimally penetrating tissue.

The overall complication rate, which included IOP spikes,
corneal burns and hyphema of any degree, was 24%. The
total rate of IOP spikes was 5%, which compared favorably
with what others have reported (9.8%-30%).5® Twenty-five
out of the total 196 patients had IOPs =30 mmHg prior
to treatment. Twenty patients had IOPs =40 mmHg, and
8 had IOPs =50 mmHg. No significant correlation was
found between pre-laser IOP and total energy used (r=0.11,
p=0.13). While Jiang et al reported an association between
the total amount of energy use and risk of post-LPI IOP
elevation, other studies did not report such an association.’
Likewise, we did not identify a correlation between post-LPI
1OP elevation and energy use. The incidence of hyphema in
our study was 18%, which is comparable to the 8.9%—-34.6%
reported in the literature.**® In our study, no subjects with
hyphema had post-LPI elevation.

It is known that complications such as inflammation,
hyphema, corneal decompensation, cataract formation, [OP
elevation, retinal detachments and cystoid macular edema
are more common with higher total Nd:YAG energy use in
LPI and capsulotomy procedures.!>”1%5 It is recommended
that the iridotomies are created using the lowest laser energy
necessary to minimize complications.

Table 4 Comparison of mean power use and complication rates among different diagnoses

Complication Primary angle closure Primary angle Primary angle closure p-value*
suspect (n=130) closure (n=30) glaucoma (n=28)

Mean power * SD (mJ) 70.7+62.4 90.5+65.7 107.11+89.1 0.023
Elevated IOP 8/130 (6.2%) 2/30 (6.7%) 0 0919
Failed or incomplete LPI 3/130 (0.02%) 0 0 -

Hit cornea 17130 (0.01%) 0 0 -
Hyphema 217130 (16.2%) 6/30 (20.0%) 5/28 (17.9%) 0.784
Total 33/130 (25.4%) 8/30 (26.7%) 5/28 (17.9%) 0.670
Repeat 35/130 (26.9%) 3/30 (10.0%) 4/28 (14.3%) 0.072

Note: *p-value based on analysis of variance comparison among the different diagnoses.

Abbreviations: |IOP, intraocular pressure; LPI, laser peripheral iridotomy; SD, standard deviation.
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Table 5 Comparison of mean power use and complication rates
among Caucasians versus non-Caucasians

Complication Caucasians Non-Caucasians p-value*
(n=68) (n=128)

Mean power = SD (m]) 68.74+64.4 83.23+70.6 0.16

IOP spikes 1/68 (1.5%) 9/128 (7.0%) 0.17

Hyphema 13/68 (19.1%) 22/128 (17.2%) 0.845

Total complications
Total repeats

14/68 (20.6%) 35/128 (27.3%) 0.40
9168 (13.2%)  44/128 (34.4%) 0.02
Note: *p-value based on ANOVA comparison of mean power and complications

between 2 groups.
Abbreviation: IOP, intraocular pressure.

Our incidence of re-treatment (22%) was higher than rates
reported in the literature, which range from <2% to 9%.57
A total of 44 patients underwent repeat LPIs. All repeat
procedures were performed due to occluded iridotomies
except for 2, which were considered inadequate in size after
gonioscopic examination. The 3 patients who did not achieve
patency with initial LPIs were included in the repeat group
and were ultimately successful for patency. Incidence of re-
treatment was not significantly different among the resident
classes. As previously mentioned, the rate of re-treatment
was significantly greater among non-Caucasian eyes com-
pared to Caucasian eyes. Photocoagulative laser treatment
is commonly used prior to photodisruptive Nd:YAG laser
to pretreat the iris by thinning the tissue and minimizing
the risk of bleeding. Of note, none of our patients received
pretreatment which may have contributed to the higher re-
treatment rate. Furthermore, there was no documentation as
to the size of iridotomy that was created at the conclusion
of the procedure. Small iridotomies are likely more suscep-
tible to closure. As pretreatment miotics are commonly used
prior to LPIs, once the miotics wear off and the pupil is no
longer on tension, the iridotomies may decrease in size and
become blocked or occluded from iris folds. Further resident
education and standardization of iridotomy size in addition
to photocoagulative pretreatment may help improve the
re-treatment rate, especially in non-Caucasian eyes.

Due to the retrospective nature of this study, the location
of the LPI was provider preference and was not standardized.
For 63 of the 196 procedures, the location of the LPI was men-
tioned in the chart review. Of the 63, 37 were superior, and
26 were temporally located. Within this smaller subset, the
superior site required more energy on average (82.6£10.0 mJ)
than the temporal site (58.9£9.0 mJ); however, this difference
did not reach statistical significance (p=0.09). None of the
patients complained of dysphotopsia.

One limitation of this study is that patients were assigned to
receive their LPI in a non-randomized fashion, and therefore,

difficult cases may not have been evenly distributed across
all resident classes. More junior residents may preferentially
get assigned LPI procedures that are perceived as more
straightforward, leaving the more difficult cases for the
senior residents. The decrease in mean power usage across
resident classes may perhaps be even more pronounced
among patients randomized to residents of varying experi-
ence. The decreasing total power use among residents of
increasing seniority suggests that a learning curve is present,
though whether this learning curve is sufficiently aggressive
remains to be seen. With proper supervision and standard-
ized training, it might be reasonable to expect residents
to be performing LPIs using total powers comparable to
mean powers reported in the literature for Caucasian and
non-Caucasian eyes at a much earlier stage in training. The
learning curve might be shortened with standardization of
power per shot depending on the thickness of the iris (based
on color or ethnicity) or with a lower threshold to increase
power per shot if the laser setting is not effective. Increased
observation of junior residents may help them to improve
laser aim and focusing to decrease rate of ineffective laser
shots. Standardizing iridotomy size might also be beneficial
to prevent early closure of the iridotomy or an unnecessarily
large iridotomy.

Another limitation is the lack of a standardized post-LPI
assessment of the efficacy of iridotomy. Ideally, an objective
measure, such as anterior segment optical coherence tomog-
raphy (AS-OCT) or ultrasound biomicroscopy, would
demonstrate a deepening of the anterior chamber angles to
confirm the success of the LPI. However, other studies have
reported that up to 50%—63% of eyes remain narrow even
after LPI due to plateau iris, anterior rotation of the ciliary
processes or lens-induced mechanism!®!'® so even using
AS-OCT may not be a complete metric for success. Simi-
larly, as previously mentioned, there was no standardization
of iridotomy size. Bochmann et al'® have demonstrated that
small peripheral iridotomies (PIs) (<100 wm) may not be
sufficient for relieving pupillary block and that widening
an existing small PI can lead to additional anterior chamber
angle deepening. Fleck®® discussed that iridotomies in the
range of 50-150 um diameters may fail to prevent angle
closure glaucoma based on a mathematical model suggesting
a larger PI (150-200 um) may be needed. Again, standard-
izing the PI size to at least 150-200 um may improve our
chances of successfully treating pupillary block in addition
to decreasing our re-treatment rate.

Lastly, the laser used in this study is one of many laser
machines that are currently available on the market, and the
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energy and power may not be extrapolated to other machines.
We limited our study to one machine at one location to pre-
vent any discrepancies.

Conclusion

Total power, used as a surrogate for procedural efficiency,
decreased with increasing level of training and approached
or was below values reported in the literature for attending-
performed LPIs. Complication rates did not change with level
of training and the incidence of the most common compli-
cations for all 3 years studied were comparable to reported
attending-performed LPIs, in hyphema rates and IOP spikes.
The higher incidence of repeat procedure warrants further
investigation and indicates an area where additional resident
training is needed.
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