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Abstract Purpose This study aimed to evaluate trends in ophthalmology resident operative
experience and the early impact of the novel coronavirus disease 2019 (COVID-19)
pandemic.
Design Present study is a retrospective analysis of the Accreditation Council for
Graduate Medical Education (ACGME) Case Log System.
Participants Anonymized graduating resident case logs from 2011 to 2020 academic
years (AYs) were examined for this study.
Methods Regression analysis for each procedure category was performed to identify
trends between 2011 and 2019 AYs. Unpaired two-tailed t-test compared 2018 to 2019
and 2019 to 2020 AY’s for each category surgeon (S) and as surgeon and assistant
(SþA).
Main Outcome Measures Mean and median cases as (S) and (SþA) during 2011 to
2019 AYs. Comparison between 2018 to 2019 and 2019 to 2020 AY’s for each category
as (S) and (SþA) to evaluate the impact of the COVID-19 pandemic.
Results Total ophthalmology procedures as (S) rose from a mean of 479.6 to 601.3
(p<0.001; R2¼ 0.96; D/year¼ 16.9) and a median of 444 to 537 (p<0.001; R2¼ 0.97; D/
year¼ 13.1). Total procedures as (SþA) rose from a mean of 698.1 to 768 (p< 0.01;
R2¼0.83; D/year¼ 9.07) and a median of 677 to 734 (p<0.05; R2¼0.61; D/year¼ 6.64).
Cataract procedures as (S) rose from a mean of 152.8 to 208 (p< 0.001; R2¼0.99; D/
year¼ 7.98) and a median of 146 to 197 (p<0.001; R2¼0.97; D/year¼7.87). Cataract
procedures as both (SþA) rose from a mean 231.4 to 268.7 (p<0.001; R2¼0.95; D/
year¼ 5.5) and a median of 213 to 254 (p< 0.001; R2¼ 0.93; D/year¼5.33). Between
2018 to2019 and2019 to 2020AYs, thefirst pandemic year was associatedwith significant
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Severeacute respiratorysyndrome-coronavirus-2 (SARS-CoV-2)
was first identified inWuhan, China, in December 2019 and led
to the ongoing novel coronavirus disease 2019 (COVID-19)
pandemic. In January 2020, the World Health Organization
declared theoutbreakaPublicHealthEmergencyof Internation-
al Concern. A pandemic was declared in March 2020. COVID-19
spread quickly and pervasively.1–3 On a global scale, communi-
ties and their economies were disrupted and infection, illness,
and fatalities rose sharply.1,4 The COVID-19 pandemic also
widely disrupted surgical practice raising numerous concerns
such as intraoperative viral transmission risk, workforce and
staffing issues, procedural prioritization and rationing, aswell as
threatening surgical education.5,6 In the spring of 2020, most of
thehospital systemsintheUnitedStateshaltedelectivesurgeries
to prepare for a large influxof acutely ill patients and to prevent
the collapse of the U.S. health care system. The reduction in
surgical cases disrupted learningexperiences formany residents
including those in ophthalmology.7–11

The Accreditation Council for Graduate Medical Educa-
tion (ACGME) is a private, not-for-profit organization that
sets standards for U.S. graduate medical education pro-
grams. Accreditation decisions are made by a specialty-
specific review committee (RC) that assesses program-com-
pliance with these standards. The ACGME’s Accreditation
Data System (ADS) is a web-based software system that
collects and organizes accreditation data for all training
institutions and their programs. The ACGME Case Log
System is an application within ADS to collect and docu-
ment trainees’ clinical experiences. For surgical specialties
like ophthalmology, these data are grouped into specialty-
specific categories and are used as one of several perfor-
mance indicators of training programs.12–14 Each graduat-
ing resident must have performed and/or assisted in a
minimum number of essential operative cases and case
categories as established by the RC for ophthalmology
and all residents must have equivalent educational oppor-
tunities. Training programs access the system to review the
information logged by their trainees and refine the pro-
grams’ educational curricula to meet program require-
ments. Achievement of the required minimum numbers is
one of numerous indicators of the surgical experience that a
program provides and is not considered a standalone indi-
cator of physician competence.15,16

In this study, we evaluate graduating ophthalmology
residents’ ACGME case log numbers from academic
year 2011 to 2020 AYs to investigate trends in ophthalmic
surgical training, aswell as to evaluate the early impact of the
COVID-19 pandemic in the 2019 to 2020 AY.

Methods

The ACGME ophthalmology surgical case logs published from
2011 to 2020AYat accreditedU.S. programswere reviewed. An
AY is defined as a 12-month period starting July 1 through
June 30 of the following calendar year. Trends in themean and
mediannumberofcasesperformedbygraduatingophthalmol-
ogy residents as surgeon (S) and as surgeon and assistant
(SþA) were analyzed. The definition of surgeon and assistant
areavailableontheACGMEOphthalmologyRCwebpage.16The
RC has defined minimum procedure requirements for experi-
ence as (S). Formore subspecialized procedures, where further
training is expected beyond residency, the RC defined mini-
mum requirements for experience as (SþA).16 The total num-
ber of procedures and procedures in the categories of cataract,
cornea, keratorefractive, glaucoma, globe trauma,oculoplastics
and orbit, retina vitreous, strabismus, and laser surgery were
reviewed. Because the category, other retina procedures, was
primarily comprised of intravitreal injections, the latter was
classified as a unique category. Within the category of laser
surgery, yttrium aluminum garnet (YAG) capsulotomy, laser
trabeculoplasty, laser iridotomy, panretinal laser photocoagu-
lation, focal laser photocoagulation, and other glaucoma laser
procedures were evaluated. In the area of oculoplastics and
orbit, there are numerous subcategories; thosewith significant
changes are described. Cornea surgery is subcategorized as
keratoplasty and pterygium/conjunctival and other cornea
procedures. Cornea surgery was analyzed as a whole and the
subcategories were not analyzed due to procedure mapping
changes during the study period. Although focal laser photo-
coagulation is no longer a required procedure, it remains
tracked in the case log systemandwas included in the analysis.
Cyclodestructive procedures and other glaucoma laser proce-
dures such as iridoplasty do not have minimum requirements
but also continue to be tracked in the case log system.

To identify trends between 2011 to 2012 and 2018 to 2019
AYs, a regression analysis for each procedure category was

reductions in total procedures (601.3–533.7 [p<0.0001]) as (S) and 768.0 to 694.4
(p<0.0001) as (SþA), cataract surgery (208–162.2 [p<0.0001]) as (S) and268.7 to219.1
(p<0.0001) as (SþA), and glaucoma surgery (16.3–14.2 [p¼0.0068]) as (S) and 25.6 to
22.6 (p¼0.0063) as (SþA).
Conclusion During 2011 to 2019 AYs, cataract, intravitreal injections, glaucoma, and
total procedures increased significantly. During the early period of the COVID-19
pandemic (2019–2020 AY), national halting of elective procedures had a precipitous
effect on resident cataract surgery experience to volumes similar to 2013 to 2014 AY
where the mean was twice the current required minimum number. With few
exceptions, other procedure volumes remained stable.
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performed. To test whether the early phase of the COVID-19
pandemic created a difference in surgical experience, an
unpaired two-tailed t-test was used to compare 2018 to
2019 and 2019 to 2020 AYs for each category as (S) and
(SþA). The Institutional Review Board/Ethics Committee
ruled that approval was not required for this study.

Results

►Table 1 depicts the trends in median and mean volumes in
surgical and laser procedures between 2011 to 2012 and
2018 to 2019 AYs, as well as the mean change between 2018
to 2019 and 2019 to 2020 AYs for roles of (S) and (SþA).

Table 1 Trends in median and mean surgical volume between 2011 to 2012 and 2018 to 2019 AYs, as well as the mean change
between 2018 to 2019 AY and 2019 to 2020 AY, for roles of (S) and (SþA) for surgical and laser procedures

Surgeon: 2012 through 2019 Surgeon: 2020 vs. 2019

Median Mean 2019 Mean 2020 Mean p

D/year R2 p D/year R2 p

Cataract " 7.87 0.97 <0.0001 " 7.98 0.99 <0.0001 ↓ 208.0 162.2 <0.0001

Other cataract ↓ �0.42 0.93 <0.001 ↓ �0.44 0.97 <0.0001 2.3 2.1 0.611

Laser surgery �1.29 0.46 0.066 ↓ �2.02 0.70 0.009 ↓ 101.1 92.6 0.028

Cornea surgery 0.05 0.06 0.547 0.05 0.21 0.257 12.7 11.6 0.059

Keratorefractive
surgery

" 0.14 0.57 0.030 0.1 0.30 0.163 5.7 4.5 0.105

Strabismus ↓ �0.36 0.71 0.008 ↓ �0.47 0.82 0.002 23.5 22.9 0.506

Glaucoma " 0.37 0.83 0.002 " 0.56 0.85 0.001 ↓ 16.3 14.2 0.007

Retinal vitreous �0.01 0.01 0.846 �0.04 0.07 0.541 6.4 5.4 0.068

Other retinal " 6.99 0.94 <0.0001 " 11.20 0.97 <0.0001 145.4 144.4 0.912

Oculoplastic
and orbit

�0.07 0.02 0.729 0.06 0.04 0.642 ↓ 70.2 64.8 0.02

Globe trauma 0 1 NS �0.05 0.09 0.481 9.6 9.0 0.063

All procedures " 13.10 0.97 <0.0001 " 16.94 0.96 <0.0001 ↓ 601.3 533.7 <0.0001

Regression
analysis/ANOVA

Unpaired t-test,
two-tailed

Surgeonþ assistant: 2012 through 2019 Surgeonþ assistant: 2020 vs. 2019

Cataract " 5.33 0.93 <0.001 " 5.50 0.95 <0.0001 ↓ 268.7 219.1 <0.0001

Other cataract ↓ �0.74 0.95 <0.0001 ↓ �0.84 0.99 <0.0001 4.6 4.4 0.746

Laser surgery ↓ �1.57 0.69 0.010 ↓ �2.37 0.77 0.004 ↓ 104.7 96.4 0.0319

Cornea surgery �0.21 0.48 0.056 �0.18 0.41 0.089 23.9 22.5 0.059

Keratorefractive
surgery

0.08 0.16 0.334 0.14 0.11 0.411 ↓ 14.1 11.9 0.007

Strabismus ↓ �1.49 0.95 <0.0001 ↓ �1.67 0.96 <0.0001 32.1 32.0 0.938

Glaucoma ↓ �0.31 0.50 0.049 0.01 0.00 0.961 ↓ 25.6 22.6 0.006

Retinal vitreous ↓ �0.64 0.63 0.018 ↓ �0.63 0.83 0.002 26.6 26.0 0.595

Other retinal " 6.50 0.92 <0.001 " 10.85 0.97 <0.0001 147.3 146.6 0.938

Oculoplastic
and orbit

�0.87 0.29 0.167 ↓ �1.37 0.92 0.000 109.4 102.4 0.071

Globe trauma ↓ �0.25 0.54 0.038 ↓ �0.35 0.63 0.019 11.1 10.4 0.070

All procedures " 6.64 0.61 0.023 " 9.07 0.83 0.002 ↓ 768.0 694.4 <0.0001

Regression
analysis/ANOVA

Unpaired t-test, two-
tailed

Abbreviations: ANOVA, analysis of variance; AY, academic year; NS, not significant; S, surgeon; SþA, surgeon and assistant.
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Trends between 2011–2012 and 2018–2019 Academic
Years
Between 2011 to 2012 and 2018 to 2019 AYs, the total
ophthalmology procedures as (S) rose from a mean of
479.6 to 601.3 (p<0.001; R2¼0.96; D/year¼16.9) and a
median of 444 to 537 (p<0.001; R2¼0.97; D/year¼13.1).
Total procedures as (SþA) rose from a mean of 698.1 to 768
(p<0.01; R2¼0.83; D/year¼9.07) and a median of 677 to
734 (p<0.05; R2¼0.61; D/year¼6.64).

Incisional Surgery
Cataract procedures as (S) rose from a mean of 152.8 to 208
(p<0.001; R2¼0.99; D/year¼7.98) and a median of 146 to
197 (p<0.001; R2¼0.97; D/year¼7.87). Cataract proce-
dures as both (SþA) rose from a mean 231.4 to 268.7
(p<0.001; R2¼0.95; D/year¼5.5) and a median of 213 to
254 (p<0.001; R2¼0.93; D/year¼5.33). Minimum require-
ment is 86 (S).

Cornea surgery as (S) remained stable with means be-
tween 12 and 12.7 (p¼0.26; R2¼0.21; D/year¼0.04) and
medians between 9 and 10 (p¼0.26; R2¼0.21; D/year
¼0.04) procedures annually. Cornea surgery as (SþA)
remained stable as well with means between 23.9 and
25.6 (p¼0.41; R2¼0.11; D/year¼0.14) and medians be-
tween 21 and 23 (p¼0.056; R2¼0.48; D/year¼�0.21) pro-
cedures annually. Minimum requirement for keratoplasty is
5 (SþA) and for pterygium/conjunctival and other cornea is
3 (S).

Keratorefractive procedures as (S) remained stable with
means between 5.1 and 6.5 (p¼0.16; R2¼0.30;D/year¼0.1)
and medians between 1 and 2 (p¼0.03; R2¼0.57; D/year
¼0.14) procedures annually. Keratorefractive procedures as
(SþA) remained stable with means between 13.8 and 14.1
(p¼0.41; R2¼0.11; D/year¼0.14) and medians between 9
and 10 (p¼0.33; R2¼0.16; D/year¼0.08) procedures annu-
ally. Minimum requirement is 6 (SþA).

Strabismus procedures as (S) declined fromamean of 26.1
to 23.5 (p¼0.002; R2¼0.82; D/year¼�0.47) and median of
22 to 19 (p<0.01; R2¼0.71; D/year¼�0.36). Strabismus
procedures as (SþA) declined from a mean of 42.1 to 32.1
(p<0.001; R2¼0.96; D/year¼�1.67) and a median of 36 to
27 (p<0.001; R2¼0.95;D/year¼�1.49). Minimum require-
ment is 10 (S).

Glaucoma procedures as (S) rose from a mean of 12.2 to
16.3 (p¼0.001; R2¼0.85; D/year¼�0.56) and a median of
10 to 13 (p¼0.002; R2¼0.83; D/year¼0.36). Glaucoma
procedures as (SþA) was stable at a mean of 23.6 and 25.6
(p¼0.96; R2¼0.00; D/year¼0.006) and a median between
21 and 23 (p<0.05, R2¼0.50; D/year¼�0.31). Minimum
requirement is 5 (S).

Retina-vitreous procedures as (S) remained steady be-
tween a mean of 5.5 and 6.6 (p¼0.54; R2¼0.07; D/year¼
�0.04) and amedian between 2 and 3 (p¼0.85; R2¼0.01;D/
year¼�0.01). Retina-vitreous procedures as (SþA) de-
creased slightly from a mean of 29.9 to 26.6 (p¼0.002;
R2¼0.83; D/year¼�0.63) and a median of 24 to 22
(p¼0.02; R2¼0.63;D/year¼�0.64). Minimum requirement
is 10 (SþA).

Other retinal procedures (primarily intravitreal injection)
as (S) rose considerably from a mean of 65.8 to 145.4
(p<0.001; R2¼0.97; D/year¼11.2) with a median of 42 to
96 (p<0.001; R2¼0.94; D/year¼6.99). The numbers for
other retinal procedures as (SþA) are similar with a rise
from a mean of 69.5 to 147.3 (p<0.001; R2¼0.97; D/year
¼10.84) and a median of 46 to 96 (p<0.001; R2¼0.92; D/
year¼6.5). Minimum requirement is 10 (S).

Oculoplastic and orbit procedures as (S) remained steady
between a mean of 70 and 72 (p¼0.64; R2¼0.04; D/year
¼0.06) as did the median between 60 and 62 (p¼0.73;
R2¼0.02; D/year¼�0.07). Oculoplastic and orbit proce-
dures as (SþA) decreased from a mean of 119 to 109.4
(p<0.001; R2¼0.92;D/year¼�1.37) and amedian of 107 to
101 (p¼0.171; R2¼0.29; D/year¼�0.87). Minimum re-
quirement is 28 (S).

Globe trauma procedures as (S) remained steady between
a mean of 8.9 and 10.2 (p¼0.48; R2¼0.09; D/year¼�0.05)
as did the median at 8 procedures. Globe trauma procedures
as (SþA) decreased from mean of 13.9 to 11.1 (p¼0.019;
R2¼0.63;D/year¼�0.35) and the median varied between 9
and 11 (p¼0.0385; R2¼0.54; D/year¼�0.25). Minimum
requirement is 4 (S).

Laser Surgery
Between 2011 to 2012 and 2018 to 2019 AYs, total laser
procedures as (S) declined from a mean of 111.3 to 101.1
(p<0.01; R2¼0.70;D/year¼�2.02) and fromamedian of 93
to 87 (p¼0.066; R2¼0.47; D/year¼�1.29). Laser proce-
dures as (SþA) declined from a mean of 116.9 to 96.4
(p<0.001; R2¼0.84; D/year¼�2.55) and a median 98 to
81 in AY 2018 to 2019 (p¼0.002; R2¼0.78;D/year¼�1.73).

YAG laser capsulotomy as (S) increased from amean of 16
to 24 (p<0.001; R2¼0.97;D/year¼1.05) and amedian of 14
to 20 (p<0.001; R2¼0.93; D/year¼0.89). YAG laser capsu-
lotomy as (SþA) increased from a mean 17 to 24 (p<0.001;
R2¼0.96; D/year¼1.02) and from a median of 15 to 21
(p<0.001; R2¼0.88; D/year¼0.79). Minimum requirement
is 5 (S).

Laser trabeculoplasty procedures as (S) increased from a
mean of 13 to 16 (p<0.001; R2¼0.90; D/year¼0.72) and a
median of 8 to 12 (p<0.001; R2¼0.96; D/year¼0.60). Laser
trabeculoplasty procedures as (SþA) increased from amean
of 13 to 16 (p<0.001; R2¼0.92; D/year¼0.73) and median
of 9 to 11 (p<0.001; R2¼0.93; D/year¼0.42). Minimum
requirement is 5 (S).

Laser iridotomy procedures as (S) was stable at a mean of
15 (p<0.33; R2¼0.16; D/year¼0.07) and the median in the
12 to 13 range (p¼0.33; R2¼0.16; D/year¼0.08). The laser
iridotomy procedures as (SþA) was stable with minimal
variation at a mean of 16 (p¼0.49; R2¼0.08; D/year¼0.04)
and amedianvarying between 12 and 14 (p¼0.21; R2¼0.25;
D/year¼0.14). Minimum requirement is 4 (S).

Panretinal laser photocoagulation (PRP) as (S) declined
frommean 50 to 40 (p<0.01; R2¼0.76;D/year¼�1.88) and
a median of 32 to 23 (p<0.001; R2¼0.86; D/year¼�1.46).
PRP as (SþA) declined from a mean of 50 to 40 (p<0.01;
R2¼0.79; D/year¼�2.07) and a median of 34 to 24
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(p<0.001; R2¼0.86; D/year¼�1.76). Minimum require-
ment is 10 (S).

Focal laser photocoagulation as (S) declined significantly
from amean of 15 to 2 (p<0.001; R2¼0.96;D/year¼�2.09)
and median from 10 to zero (p<0.001; R2¼0.95;D/year¼
�1.54). Focal laser photocoagulation as (SþA) declined from
a mean of 16 to 2 (p<0.001; R2¼0.96; D/year¼�2.2) and a
median of 11 to zero in AY 2018 to 2019 (p<0.001; R2¼0.97;
D/year¼�1.63). Minimum requirement was removed dur-
ing this time period.

Cyclodestructive procedures as (S) increased slightly from
mean of 2 to 3 (p<0.01; R2¼0.83; D/year¼0.17) and the
median remained 1. The number of cyclodestructive proce-
dures as (SþA) increased slightly from 3 to 4 (p<0.001;
R2¼0.91; D/year¼0.2) and the median varied between 1
and 2. There is no minimum requirement.

Other glaucoma laser procedures including iridoplasty
were performed infrequently. The number as (S) declined
from a mean of 0.8 to 0.4 (p<0.01; R2¼0.84; D/year¼
�0.08) and themedian remained zero. The number as (SþA)
declined from mean of 0.9 to 0.4 (p<0.001; R2¼0.86; D/
year¼�0.09) and the median remained zero. There is no
minimum requirement.

Early Impact of the COVID-19 Pandemic
Between 2018 to 2019 and 2019 to 2020 AYs, significant
reductions were recorded in total procedures as both (S)
(601.3–533.7, p<0.0001) and (SþA) (768.0–694.4,
p<0.0001), as (S) (208–162.2, p<0.0001) and (SþA)

(268.7 to 219.1, p<0.0001), and glaucoma surgery as (S)
(16.3–14.2, p¼0.0068) and (SþA) (25.6–22.6, p¼0.0063).

For keratorefractive procedures, no significant change as
(S) was noted, but a significant reduction as (SþA) from 14.1
to 11.9 (p¼0.0072) was noted in this time period. Significant
reductions in overall oculoplastic and orbit procedures from
70.2 to 64.8 (p¼0.02) as (S) were noted. No significant
overall change was noted as (SþA) in this time period.
Within subcategories, reductions as (S) were noted for
chalazia from8.7 to 7.8 (p¼0.0212) and other orbital surgery
from 1.6 to 1.3 (p¼0.0201). Reductions as (SþA)were noted
for eye removal and implant from 4.0 to 3.6 (p¼0.0387),
chalazia from 9.7 to 8.7 (p¼0.0172), and other orbital
surgery from 5.8 to 5.0 (p¼0.0244). No significant change
in corneal, strabismus, retina-vitreous surgery, and other
retinal procedures, including intravitreal injections and
globe trauma procedures as (S) or (SþA), were noted.

For laser surgery, significant reductions were noted for
total laser procedures from 101.1 to 92.6 (p<0.028) as (S)
and 104.7 to 96.4 (p¼0.0319) as (SþA), laser iridotomy from
15.6 to 13.6 (p¼0.002) as (S) and 16.2 to 14.2 (p¼0.002) as
(SþA), focal laser photocoagulation from 1.6 to 1.0
(p¼0.002) as (S) and 1.7 to 1.2 (p¼0.0098) as (SþA), and
other glaucoma laser procedures from 0.4 to 0.2 (p¼0.002)
as (S) and (SþA). No significant changes in YAG capsulotomy,
laser trabeculoplasty, PRP, cyclodestructive procedures as (S)
or (SþA) were noted.

►Fig. 1 depicts procedures where a significant increase in
volume occurred between 2011 to 2012 AYand 2018 to 2019

Fig. 1 Total, cataract surgery, other retinal procedure (primarily intravitreal injection) volumes increased between 2011 to 2012 AY and 2018 to
2019 AY for (S) and (SþA). Glaucoma procedures rose significantly for (S) but not for (SþA). Between 2018 to 2019 and 2019 to 2020 AY,
significant decreases in total procedures particularly cataract surgery were seen. AY, academic year; S, surgeon; SþA, surgeon and assistant.
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AY for total procedures, cataract surgery, and other retinal
procedures (primarily intravitreal injection). Glaucoma pro-
cedures rose significantly for (S) but not for (SþA). Between
2018 to 2019 and 2019 to 2020 AY, significant decreases in
total procedures particularly cataract surgery were seen.
In ►Fig. 2, those procedures whose volume remained stable
or gradually decreased are depicted. ►Fig. 3 discloses a
continuous decline in focal laser between 2011 to 2012
and 2018 to 2019 AYs. (2019 to 2020 AY data not available).

Discussion

Ophthalmology continues to experience technologic and
therapeutic innovations that influence the medical and
surgical management of eye diseases. Modern cataract sur-
gery using phacoemulsification continues to become more
efficient since its introduction in 1967.17–19 Over the past

15 years, the adoption of intravitreal antivascular endothe-
lial growth factor (anti-VEGF) therapy has all but supplanted
laser treatment of retinovascular pathology and other dis-
eases that cause retinal edema and neovascularization.
Refinements to corneal transplantation, as well as expanded
surgical treatments for glaucoma, have added new surgical
procedures. As these advances have changed practice pat-
terns among ophthalmologists, training programs incorpo-
rate new techniques into the surgical curriculum to graduate
ophthalmologists with exposure and competence in these
areas.

Notable Trends by Role (Surgeon and Surgeon and
Assistant)
Asmight be expected, there were parallel trends for both the
categories of (S) and (SþA) for total procedures and specifi-
cally in the areas of cataract, other cataract, laser, and

Fig. 2 Procedures whose volume remained stable or gradually decreased are depicted from 2011 to 2012 to 2019 to 2020 AYs. AY, academic
year.
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strabismus. The numbers for both (S) and (SþA) significantly
increased from 2011 to 2012 through the 2018 to 2019 AY
but sharply decreased in the first pandemic year. In the areas
of other cataract, laser, and strabismus, the numbers of
procedures statistically declined for both the (S) and (SþA)
from 2011 to 2012 AY through the 2018 to 2019 AY and
continued to decline between 2018 to 2019 and 2019 to
2020, although not statistically significant. While glaucoma
proceduresfluctuated as (SþA) during 2011 to 2012 through
2018 to 2019, the numbers statistically declined during 2019
to 2020 like the (S) group. The trends for oculoplastics and
keratorefractive procedures were not parallel for (S) and
(SþA). The numbers of oculoplastics procedures for (S) did
not change between 2011 to 2012 and 2018 to 2019 but
statistically declined between 2018 to 2019 and 2019 to
2020, as we would expect for elective cases; however, for
(SþA), oculoplastic procedures statistically declined be-
tween 2011 to 2012 and 2018 to 2019 and the pandemic
year did not impact their numbers, reflecting the lowvolume
for (SþA). For keratorefractive procedures, the volume was
initially parallel for both (S) and (SþA), steady between 2011
to 2012 and 2018 to 2019 and remained stable for (S) during
2019to 2020 but declined statistically for the (SþA).

Notable Trends during 2011–2019 Academic Years
Our review of ACGME case log data over an 8-year period
from 2011 to 2019 AYs reveals that the total number of
procedures ophthalmology residents performed rose steadi-
ly. Cataract surgery and other retinal procedures (mainly
intravitreal injections)were largely responsible for the rise in
ophthalmology residents’ procedural experience. Cataract
surgery numbers as (S) rose steadily and significantly from a
mean of 152.8 to 208 per graduating resident, well above the
minimum requirement of 86. Factors that likely contribute to
this significant rise include (1) more efficient surgical tech-
nique, (2) improved surgical technology, and (3) more effi-
cient operating roomworkflow (all of which improve patient
safety, reduce complications, and create capacity in the
health delivery system),20–24 (4) an aging demographic in
the United States resulting in an increased number of
patients undergoing cataract surgery,25,26 and (5) better
prepared beginning-resident-surgeons due to structured
surgical curricula.27–30 A sixth factor may be the availability
of national case log numbers that allows for benchmarking.

The cataract volume metric has become an influential mea-
sure by which programs and resident candidates make
comparisons about surgical training. Presently, cataract sur-
gery is clearly recognized as a skill in the purview of the
general or comprehensive ophthalmologist having complet-
ed residency. The use of this measure may have created a so-
called “arms race” where peer pressure among programs to
have graduates attain successively higher cataract surgery
numbers impact recruitment of future trainees. By prioritiz-
ing cataract surgery numbers to volumes well in excess of
current minimum requirements, concerns for potentially
negative consequences are emerging by using this metric
as a program performance measure. Questions have been
raised whether the resident graduates with large surgical
volumes in certain procedures are receiving a sufficiently
well-rounded experience to practice competently and au-
tonomously as a general or comprehensive ophthalmolo-
gist.31 Although our study disclosed that a gradual decrease
in subspecialty surgery experience occurred as cataract
surgery experience rose, such association does not necessar-
ily imply causality.

The increased focus on cataract surgery may also reflect
an increased expectation for other ophthalmologic proce-
dures to be performed by ophthalmologists who pursue
further subspecialty training. The general trend toward
increasing specialization in medicine is likely to narrow
the scope of residency training and relegate subspecialty
training to postgraduate fellowship programs. Further, the
proliferation of fellowship programs brings more trainees
into the surgical training environment and could potentially
negatively impact the exposure of residents to subspecialty
procedures.32–36 Indeed a review of the mean and median
case numbers as (SþA) for the areas of cornea, glaucoma,
oculoplastic and orbit, retina–vitreous, and strabismus
reveals a gradual decline in case numbers, while the stable
numbers as (S) suggest less resident exposure as assistant
surgeon to faculty in subspecialty surgeries. Explanations for
this decrease may be the presence of fellows in the subspe-
cialty operating rooms or more reliance on simulation to
prepare residents to be primary surgeons.

Intravitreal drug delivery using anti-VEGF medications
has displaced retinal laser as the primary mode of treatment
for many retinovascular diseases, including neovascular age-
related macular degeneration, diabetic retinopathy, and

Fig. 3 Focal laser continuously declined from 2011 to 2012 to 2018 to 2019 AYs. (2019–2020 AY data not available). AY, academic year.
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retinal vein occlusion. The frequency of intravitreal injec-
tions has since significantly increased worldwide due to
improved visual outcomes.37–41 This change in practice
pattern is reflected in the AY 2011 to 2019 period when
residents continue to perform an increasing number of
intravitreal injections as (S). The number has risen steadily
and significantly from amean of 65.8 to 145.4 per graduating
resident, numbers well above the minimum requirement of
10 (►Fig. 1); in this same time period, focal laser numbers
declined (►Fig. 3). The removal of focal lasers as a required
procedure may have further deemphasized this procedure
during training. The debate continues as to whether profi-
ciency in performing intravitreal injections is within the
scope of comprehensive ophthalmologists or preferentially
those who complete additional subspecialty training in
treating retinal disorders. Presently, factors that affect
whether ophthalmologists, subspecialists, or physicians-in-
training perform intravitreal injections include the local
availability of subspecialty retina physicians, as well as
differences in health care delivery systems, and payors of
health care. Currently, the minimum requirement for other
retinal procedures has not increased because, in general,
comprehensive ophthalmologists are unlikely to perform
intravitreal injections.

The increase in glaucoma procedures as (S) may represent
the contribution of minimally invasive glaucoma surgery in
recent years. Increases were seen for YAG posterior capsu-
lotomy and trabeculoplasty while cyclodestructive and iri-
dotomy volumes remained stable. With increased cataract
surgery numbers, an increase in YAG capsulotomy is not
surprising since posterior capsular opacification is a com-
mon occurrence after cataract surgery. For the entire 9-year
trend between 2011 and 2020, the median number of other
glaucoma lasers, such as iridoplasty, was zero.

Early Impact of COVID-19 Pandemic in 2019–2020
Academic Year
In 2019 to 2020 AY, abrupt cessation of elective surgery
nationwide in the Spring of 2020 due to the COVID-19
pandemic resulted in a sharp decline in cataract surgery
experience as (S) or (SþA) to levels comparable to 2013 to
2014 AY when the mean number of cataract surgeries as
primary surgeon was 163.7, twice the current minimum
requirement of 86. The decline in cataract surgery in 2019 to
2020 AY was the largest contributing factor to the reduction
in total surgical procedures to the levels seen in 2015 to 2016
AY. The halting of elective surgery most certainly impacted
postgraduate year (PGY)-4 residents during a period of high
surgical volume in their training. This occurred during their
final 6 months of training when most PGY-4 residents are
already well on their way to becoming proficient in cataract
surgery. It will be important to examine the effects of the
pandemic on subsequent resident classes negatively impact-
ed during their formative years of training and potentially
have had to grapple with curtailment of surgical activities.
We postulate that programs that distribute their cataract
surgery experience out over a greater period of time may be
impacted less than those programs that concentrate a large

portion of their surgery in the final year, or even within
specific rotations during the final year of residency. Diversi-
fication of surgical experience over multiple rotations and
years of training is one method for training programs to
mitigate risk in the future.

While cataract surgical volume declined significantly
during this period, nonelective treatments for patients at
risk for irreversible visual loss without intervention were
still provided care both in the office and operating room. Our
data reveals that for all areas except cataract, the surgical
experience remained relatively stable in 2019 to 2020 AY
compared with 2018 to 2019 AY. For intravitreal injections,
the numbers did not continue to climb but remained stable,
and there is some reassurance that residents were able to
maintain their surgical experience during the pandemic
when caring for those patients whose conditions required
nonelective procedures.

Our review also discloses that office procedures, such as
laser surgery and intravitreal injection, are performed with
little to no assistant experience. Declining numbers as assis-
tant raises the question of whether residents are getting
enough cases as assistant prior to operating as surgeon.
Certain officebased procedures, such as laser and intravitreal
injections, do not lend themselves to assistance other than
observation. Further, the recent proliferation of procedure
simulation with the use of artificial (plastic or silicone) eyes
and video or virtual simulation, as well as the program
requirement, for a structured curriculum for simulation
may have provided increasing resources to prepare residents
for such procedures.15,42–47

Reviews of the ACGME case logs for ophthalmology
residents from 2011 to 2019 AYs show significant increases
in total procedures, primarily comprised of cataract surgery
and intravitreal injections (other retinal procedures). These
changes are likely due to more efficient care delivery, im-
proved surgical technology, use of surgical simulation, and
new practice patterns. We also noted a gradual decrease in
resident exposure to subspecialty surgeries as (SþA), sug-
gesting less emphasis on exposure to subspecialty surgery.
The resident experience as (S) in subspecialty procedures
mostly remained flat. Laser treatments such as YAG capsu-
lotomy and trabeculoplasty increasedwhile the rise of intra-
vitreal injections curtailed panretinal laser photocoagulation
and focal laser; the latter is no longer a requirement. These
data suggest that required procedure minimums and resi-
dent achievement of theseminimums should be periodically
reevaluated as new technologies emerge and practice pat-
terns change.

Conclusion
The temporary halting of elective procedures across the
nation due to COVID-19 had a precipitous effect on resident
cataract surgery experience. While the reduction in mean
and median cataract surgical numbers were significant, the
levels were similar to the 2013 to 2014 AY when the mean
was twice the current required minimum number. Other
procedures remained stable. It should be recognized that
there is likely to have been individual resident or

Journal of Academic Ophthalmology Vol. 13 No. 2/2021 © 2021. The Author(s).

Impact of the COVID-19 Pandemic in Ophthalmology Resident Programs Lauer et al. e207



institutional instances where case experienceswere uneven.
The long-term effects of the COVID-19 pandemic on resident
surgical numbers is incompletely understood. The data pre-
sented here represent cases logged over a 3-year residency
by graduates of 2019 to 2020 AY. Ongoing analysis of the
surgical experience of graduating ophthalmology residents
of the 2020 to 2021 and 2021 to 2022 AYs is necessary. These
residents were in PGY-2 and PGY-3 at the beginning of the
COVID-19 pandemic where experience in other procedure
categories may have been affected. At the time of this
writing, the COVID-19 pandemic is ongoing and uncertainty
remains.
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