
The Iowa Ophthalmology Wet Laboratory
Curriculum for Teaching and Assessing
Cataract Surgical Competency

Andrew G. Lee, MD,1,2 Emily Greenlee, MD,1,3 Thomas A. Oetting, MS, MD,1,3 Hilary A. Beaver, MD,1

A. Tim Johnson, MD, PhD,1 H. Culver Boldt, MD,1 Michael Abramoff, MD, PhD,1,4 Richard Olson, MD,1

Keith Carter, MD1

Purpose: To describe an ophthalmology wet laboratory (OWL) curriculum for residents in training.
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Conclusion: The Iowa OWL curriculum may form the basis for successfully utilizing the wet laboratory to

teach and assess aspects of resident surgical competence in cataract surgery. Ophthalmology 2007;xx:xxx
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The Accreditation Council for Graduate Medical Education
(ACGME) has mandated that all residency training pro-
grams teach and assess 6 general competencies.1,2 The
American Board of Ophthalmology has recommended that a
seventh competency in surgery be required. At the time of
writing of this article, the ACMGE still includes surgery in
the patient care competency. Teaching and assessing resi-
dent surgical performance in ophthalmology pose special
problems. First, the performance of a technique that has not
been mastered by the resident surgeon in a live patient
produces unique ethical issues in terms of disclosure, in-
formed consent, and faculty supervision. In addition, the
number of cases available for residents is increasingly under
threat due to external constraints on supervising faculty and
operating room time and efficiency. Many residency pro-
grams have turned to outsourcing of cataract surgical train-
ing to out-of-state or out-of-country institutions. Rowden
and Krishna reported in a United States survey that 68% of
residents had some outside or overseas experience to in-
crease surgical volume.3 Second, the majority of the tech-
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nical aspects of cataract microsurgery involve one operating
surgeon (“one person driving”) and typically only one as-
sistant surgeon. Third, the increased use of topical anesthe-
sia for most cataract procedures makes it difficult to provide
meaningful and timely feedback to the operating resident
during the procedure in the awake patient. There is also
selection bias towards more senior resident surgeons per-
forming the topical cases for various reasons (e.g., patient
movement, patient sensation during surgery). Fourth, errors
in an early stage of the procedure (e.g., wound construction,
capsulorrhexis) can lead to downstream complications or
difficulty with other parts of the procedure. Fifth, intraocu-
lar microsurgery has a narrow tolerance for intraoperative
error, and even small missteps in surgical judgment or
technique may result in irreversible adverse surgical out-
comes. Sixth, virtual intraocular surgery, though promising,
is not advanced sufficiently at this time to replace the wet
laboratory or live patient surgical experience. To address the
various technical, ethical, and practical issues of live sur-
gery and surgical teaching, the residency review committee
in ophthalmology has mandated that a wet laboratory expe-
rience is required for all ophthalmology programs. We
review the literature on the wet laboratory experience, glean
best practices, and from our experience propose an imple-
mentation matrix for the ophthalmology wet laboratory
(OWL) curriculum.

Materials and Methods

At the University of Iowa, the department of ophthalmology has
formed a task force on the competencies to manage the ACGME
mandate. The core of our strategy and our local implementation
matrix for the ACGME competencies are listed in Table 1. We
have applied these core strategies to the development of the Iowa

OWL curriculum plan. The wet laboratory curriculum was devel-
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oped by 2 members of the task force, who supervise resident
surgery at the Iowa City Veteran’s Affairs Medical Center (EG,
TAO), and underwent a face validation evaluation by the members
of the task force, including supervising faculty surgeons for cata-
ract at the University of Iowa Hospitals and Clinics (HAB, ATJ),
the department chairman (KC), and a content expert for the
ACGME competencies (AGL). A literature review (PubMed, En-
glish language, 1966–2006) was performed to define existing
tools, including prior wet laboratory curricular materials for teach-
ing and assessing surgical competency.4–63 The content expert
(AGL) reviewed the titles and reviewed selected articles of rele-
vance to the development of a wet laboratory curriculum. A pretest
and posttest were defined by the content experts (EG, TAO) to
assess cognitive skills in the wet laboratory and was modified by
the task force for implementation. An objective skills assessment
tool and global evaluation form for the wet laboratory experience
also were constructed by the content experts and externally vali-
dated by the task force.

Results

The Iowa task force on the competencies reviewed the Iowa OWL
curriculum and the available literature results. Table 1 lists our
core strategy for implementing the ACGME mandate. The curric-
ulum includes explicit written learning objectives and incorporates
a pretest (i.e., a needs assessment to define the educational gap)
and a posttest (an assessment of how effective the intervention was
at closing the gap). We emphasize the importance of feedback
mechanisms (formative and summative). We employ the Schön
reflection model to improve learner understanding and motivation
for learning.42 The Schön model includes reflection on action (e.g.,
recognizing the need for further knowledge and learning), reflec-
tion in action (e.g., utilizing practice-based learning techniques,
reviewing and synthesizing available evidence-based medicine),
and knowledge in action (e.g., application of learning in the
real-world patient context).42 We include prerequisite reading ma-
terial before entrance into the wet laboratory. As part of the wet
laboratory experience, we also emphasize the Ericsson deliberate
practice model.43,44 In the Ericsson model, expertise is achieved
by deliberate practice. Purposeful repetition, analysis of perfor-

Table 1. Core Strategy for Implementing the Accreditation
Council for Graduate Medical Education Competencies

1. A predefined curriculum (explicit written learning objectives)
2. A pretest (i.e., a needs assessment to define the educational gap)
3. A posttest (i.e., an assessment of how effective the intervention was

at closing the knowledge gap)
4. Feedback mechanisms

a. Formative
b. Summative

5. Documentation of performance (Schön reflection model)
6. Prerequisite knowledge reading list
7. Mandatory wet laboratory completion (Ericsson deliberate practice

model)
8. Documentation of stepwise performance (Dreyfus model)
9. Means of documenting performance outcomes (e.g., portfolio)

a. Videotaped cases
b. Surgical log
c. Sentinel event markers (e.g., vitreous loss, anterior chamber lens

insertion, endophthalmitis, return to operating room within 2 wks)
d. Quality indices (e.g., visual outcomes, surgical times)
e. Chart audit
f. Objective structured checklist
mance, and further refinement of technique are incorporated

2

into the Ericsson model of deliberate practice for wet laboratory
techniques.43,44 Documentation of stepwise performance using
a criterion-referenced rating form (i.e., Dreyfus model) is de-
scribed below. Specific means of documenting performance out-
comes are vital for the assessment process (e.g., videotaped cases,
surgical logs, sentinel event markers, quality indices, chart audit,
objective structured checklist).

The task force defined cognitive and skill domains for the
OWL. The American Board of Ophthalmology, in conjunction
with the ACGME, has mandated the systematic assessment of
surgical competence of ophthalmology residents at all residency
programs. Cremers et al developed an objective assessment tool of
skills in intraocular surgery (Objective Assessment of Skills in
Intraocular Surgery [OASIS]). The authors believe that the OASIS
has both face and content validity, and it is used to assess surgical
events and surgical skill.9,10 Cremers et al also reported a tool
complementary to the OASIS to assess residents’ surgical compe-
tence using a 1-page subjective evaluation form. This Global
Rating Assessment of Skills in Intraocular Surgery was reported to
have face and content validity and is expected to be useful for
assessing “resident surgical knowledge and care, preparedness,
and interpersonal skills.”9,10 Table 2 describes the Iowa OWL
curriculum. Table 3 describes the Iowa OWL quiz for defining
competency in selected cognitive domains for the wet laboratory.
This quiz serves as the pretest and posttest for the cognitive portion
of the OWL.

Most of the existing ophthalmic literature on the resident wet
laboratory experience has focused on the actual devices and mod-
els (e.g., animal, cadaveric, simulated, synthetic) for surgical tech-

Table 2. First-Year Resident Iowa Ophthalmology Wet
Laboratory Curriculum

Objectives
During the 10-wk rotation at the Iowa City Veteran’s Affairs Medical

Center, the first-year resident will have 5 half-day sessions in the wet
laboratory with staff supervision. Additional unsupervised individual
practice time in the wet lab is required, and the resident should
maintain in his or her resident portfolio a log of supervised and
unsupervised wet laboratory attendance.

As a prerequisite to the wet laboratory experience, residents are
required to read Cataract Surgery for Greenhorns* and Phacodynamics†

in the 2 wks before beginning the service so that optimal time may
be spent in the wet laboratory and operating room.

The objectives of the wet lab are as follows:
1. To demonstrate fine motor and proprioception skills while

operating under the microscope
2. To demonstrate proficiency in working in a small surgical field as

both a surgeon and assistant using the microscope
3. To list the differences in phacoemulsification machines and the

settings for each machine
4. To describe the pedal settings on a phacoemulsification machine

and demonstrate the use of the pedal for the microscope
5. To demonstrate performance of 5 adequate corneal and scleral

incisions for cataract or glaucoma surgeries using a cadaver or
animal eye

6. To identify the steps of phacoemulsification
7. To demonstrate performance of the steps of phacoemulsification on

pig or cadaver eyes
8. To list the various types of ophthalmic sutures
9. To demonstrate ability to pass corneal, scleral, and simulated

conjunctival or skin sutures for closure

*Oetting TA. Cataract surgery for greenhorns. Available at http://webeye.
ophth.uiowa.edu/eyeforum/cataract-oetting.htm. Accessed March 27, 2006.
†Seibel BS. Phacodynamics: Mastering the Tools and Techniques of

Phacoemulsification Surgery. 4th ed. Thorofare, NJ: SLACK Inc.; 2005.

http://webeye.ophth.uiowa.edu/eyeforum/cataract-oetting.htm
http://webeye.ophth.uiowa.edu/eyeforum/cataract-oetting.htm
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nique rather than teaching and assessing in a curriculum for-
mat.45–61 Table 4 describes the Iowa OWL Structured Assessment
of Skill and Technique scoring rubric. The Assessment is similar

Table 3. The University of Iowa

1. Which of the following is one of the main differen
a. A peristaltic pump is driven by compressed gas.
b. Vacuum builds more rapidly with a Venturi pum
c. The rise time of a peristaltic pump is independe
d. A Venturi pump is driven by a rotating head th

2. Which is the correct order of steps for clear cornea
insertion and removal have been disregarded.
a. Clear corneal incision, paracentesis, capsulorrhex

IOL insertion, corneal wound stabilization.
b. Clear corneal incision, paracentesis, hydrodissec

IOL insertion, corneal wound stabilization.
c. Paracentesis, clear corneal incision, capsulorrhex

IOL insertion, corneal wound stabilization.
d. Paracentesis, capsulorrhexis, clear corneal incisio

IOL insertion, corneal wound stabilization.
3. What are the indications for extracapsular cataract

day phacoemulsification?
a. Extracapsular cataract extractions should be con

corneal decompensation.
b. Intracapsular cataract extractions should be cons
c. Extracapsular cataract extractions should be con
d. Intracapsular cataract extractions should be cons

4. What are functions of the pedal positions on the p
a. Position 1 aspirates only.
b. Position 2 aspirates and phacoemulsifies.
c. Position 3 irrigates, aspirates, and phacoemulsifie
d. Position 4 irrigates, aspirates, phacoemulsifies, an

5. What is the difference between hydrodissection an
a. Hydrodissection is performed before the capsulor
b. Hydrodissection cleaves between the capsule and

nucleus.
c. Hydrodissection is performed for phacoemulsifica

extractions.
d. Hydrodissection is performed before initial groov

removal.
6. What is the average axial eye length?

a. 20 mm.
b. 21 mm.
c. 22 mm.
d. 23 mm.

7. What are average keratometry readings?
a. 40 D.
b. 41 D.
c. 42 D.
d. 43 D.

8. What is the average scleral thickness?
a. 0.5 mm.
b. 1.0 mm.
c. 1.5 mm.
d. 2.0 mm.

9. Where is the sclera the thinnest?
a. The limbus.
b. Around the optic nerve.
c. Posterior to the rectus muscles.
d. At the exit site of the vortex veins.

10. What is considered an average range for corneal th
a. 480–500 �m.
b. 520–550 �m.
c. 580–600 �m.
d. 610–630 �m.

D � diopters; IOL � intraocular lens.
Answers: 1, b; 2, c; 3, a; 4, c; 5, b; 6, d; 7, d; 8, b; 9, c
to other structured surgical assessment tools that have been pro-
posed in other surgical specialties for assessing surgical skills and
knowledge.12,13,16–20 The scoring rubric does not employ a norm-
referenced scale (i.e., below average, average, above average, etc.)

thalmology Wet Laboratory Quiz

etween a peristaltic pump and a Venturi pump?

flow rate.
ls over the aspiration tubing.
coemulsification? The steps regarding viscoelastic

acoemulsification, hydrodissection, cortical removal,

phacoemulsification, capsulorrhexis, cortical removal,

drodissection, phacoemulsification, cortical removal,

drodissection, phacoemulsification, cortical removal,

tracapsular cataract extractions in the age of modern-

d in patients with dense cataracts who are at risk for
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and instead uses a criterion-referenced scale that is behavior spe-
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cific. Previous work has described the advantages of criterion-
referenced over norm-referenced scales, and prior work empha-
sizes the Dreyfus model of expertise. In the Dreyfus model,
learners are expected to move through stages of expertise (i.e.,
novice, beginner, advanced beginner, proficient–competent, and
expert).36,37,41 The use of the Dreyfus model for the scoring rubric
allows for formative feedback to allow the resident the opportunity
for improvement and includes specific behavioral anchors in the
rubric for reinforcing change over time.36,37,41

Discussion

The teaching of ophthalmic surgery to residents is a difficult
and challenging task with unique ethical, technical, and
practical problems. We believe that the residency review
committee requirement for a wet laboratory experience can
be an important method for teaching and assessing surgical
competence. Emerging work by other authors in this area
continues to expand our application of these methods.62,63

We recognize the limitations of our work, including the
(1) preliminary nature of the curriculum; (2) small sample
size, involving only one institution; and (3) lack of docu-
mented improvement in surgical outcome. There are many
questions that remain, including:

1. What is the faculty and department cost in time and
money for implementing the OWL curriculum?

2. How do the learners feel about the OWL experience?
3. Does the OWL process improve actual surgical

performance and surgical outcomes?
4. Does performance in the OWL predict future sur-

gical outcomes or performance with other assess-
ment tools such as the OASIS and Global Rating
Assessment of Skills in Intraocular Surgery?

These questions will require further study in the future, but
despite the limitations of our work, we believe that the
OWL curriculum will be of value in teaching and assessing

Table 4. (Continued)

2. Passed suture pulled out more than once.
3. Passed suture placed but too loose.
4. Passed suture placed with adequate tension within 2 min.
5. Passed sutures placed with adequate tension within 1 min.

J. The resident shall place a running suture for conjunctival or skin
closure.
1. Improper selection of suture/needle for tissue.
2. Inability to tie initial square knot with instruments.
3. Poor wound apposition or eversion.
4. Difficulty using second instrument to fix tissue for suturing.
5. Good apposition of wound edges with nice immediate reloading of

needle as it is passed through tissue.
Score
Recommendations for improvement:

1. Reading assignment.
2. Unsupervised wet laboratory experience.
3. Supervised wet laboratory experience.
4. Repeat OWLSAT.

IOL � intraocular lens; IOP � intraocular pressure.
Table 4. University of Iowa Department of Ophthalmology
Objective Wet Laboratory Structured Assessment of Skill and

Technique (OWLSAT) Scoring Rubric

A. The resident will be able to name the instruments used in cataract
surgery. Ten instruments presented.
1. Able to name only 2 instruments.
2. Able to name 4 instruments.
3. Able to name 6 instruments.
4. Able to name 8 instruments.
5. Able to name all 10 instruments.

B. The resident shall identify different sutures presented, determine
dissolvability, and describe indications for usage. Four sutures
presented.
1. Unable to identify any sutures presented.
2. Identifies 1 suture presented.
3. Identifies 2 sutures presented.
4. Identifies 3 sutures presented.
5. Identifies 4 sutures presented.

C. The resident shall demonstrate proper paracentesis and corneal
wound incisions.
1. Improper placement of incisions for handedness.
2. Placement of incisions �30° from one another.
3. Proper creation of paracentesis with placement of corneal incision

without a 3-step entry.
4. Proper creation of paracentesis and corneal incision but incision too

long, creating corneal striae, or too posterior of entry, leading to iris
prolapse.

5. Proper placement and length of corneal incisions.
D. The resident shall demonstrate ability to perform scleral tunnel

incision.
1. Inadvertent entry posterior to iris.
2. Failure to create initial scleral groove.
3. Entry into anterior chamber with posterior entrance resulting in

iris prolapse.
4. Creation of long scleral tunnel with decreased visibility through

cornea.
5. Scleral tunnel incision with adequate 3-step entrance and length.

E. The resident shall demonstrate ability to perform continuous
curvilinear capsulorrhexis.
1. Inability to make initial tear in anterior capsule.
2. Radial tear extending posteriorly.
3. Creation of small capsulorrhexis (�5 mm).
4. Creation of large capsulorrhexis (�8 mm) resulting in optic

prolapse.
5. Creation of adequately sized capsulorrhexis with easy insertion of

IOL and good fixation.
F. The resident shall demonstrate ability to perform divide-and-conquer

phacoemulsification technique.
1. Initiation of phacoemulsification before hydrodissection.
2. Off-center placement of initial groove.
3. Inability to crack nucleus with 2 instruments.
4. Ability to crack into 4 quadrants but inability to engage and

remove during segment removal.
5. Adequate grooving and cracking with successful removal of 4

quadrants.
G. The resident shall demonstrate a scleral trabeculectomy flap.

1. Inadvertent posterior chamber entry with encountered vitreous.
2. Creation of thin flap resulting in tearing of the flap at the limbus.
3. Wide flap incision resulting in hypotony.
4. Irregular incision edges with resulting hypotony.
5. Clean, sharp wound edges with adequate flap thickness and good IOP.

H. The resident shall pass and tie 2 corneal sutures.
1. Inability to pass and tie 2 corneal sutures in 3 min.
2. Passed suture pulled out more than once.
3. Passed suture placed but too loose.
4. Passed suture placed with adequate tension within 2 min.
5. Passed sutures placed with adequate tension within 1 min.

I. The resident shall pass and tie 2 scleral sutures.
1. Inability to pass and tie 2 scleral sutures in 3 min.

(continued)

surgical competency.
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