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SUMMARY - The aim of the study was to analyze the resident learning process of phacoemulsi-
fication cataract surgery and to assess the resident phacoemulsification learning curve. This prospective
study comprised 86 consecutive cases of phacoemulsification performed using standard technique by
eight residents over a one-year period at Clinical Department of Ophthalmology, Sestre milosrdnice
University Hospital Center in Zagreb. Operative data on each case included resident and attending
surgeon, date of operation, step-by-step success questionnaire, and intraoperative complications. Post-
operative data included visual acuity at one-month postoperative visit and postoperative complica-
tions. Eighty-six operations were performed under the supervision of attending surgeon. The mean
best-corrected visual acuity improved from 0.47+0.25 to 0.8+0.25 postoperatively. Intraoperative
complications occurred in 13 (15.12%) cases and continued to decrease throughout residency training.
'The mean number of individually performed steps per operation increased throughout residency (from
7.6 t0 9.0). There was one early postoperative complication, endophthalmitis, which was successfully
treated, and no other postoperative complications occurred. Resident surgical competency can be
improved by maximizing the number of cataract procedures since the complication rates and the
number of individually performed steps improved continuously with increasing surgical experience.
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Introduction

Phacoemulsification is the gold standard for cata-
ract extraction all over the world, as well as the most
common surgical procedure. Still, it is one of the most
challenging procedures to master during residency. As
it has become the procedure of choice for most cata-
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ract surgeries, learning phacoemulsification technique
is an important part of resident education. The Ac-
creditation Council for Graduate Medical Education
requires 86 primary surgeon cases to be completed by
the end of residency in the United States', while the
Royal College of Ophthalmologists requires 50 phaco-
emulsification cases completed by residents over the
first 2 years and 350 after 7 years of training?. Unfortu-
nately, even though ophthalmology residents in for-
eign countries spend a large proportion of their surgi-
cal training learning cataract surgery’, in our country it
was not common practice’. As many previous studies
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showed that complication rates and outcomes of cata-
ract surgery performed by residents were acceptable®™?,
it was decided to start first resident phacoemulsifica-
tion-learning program at the Clinical Department of
Ophthalmology, Sestre milosrdnice University Hospi-
tal Center. The purpose of this pilot study was to ana-
lyze the resident learning process of phacoemulsifica-
tion cataract surgery at the Clinical Department of
Ophthalmology, Sestre milosrdnice University Hospi-
tal Center, and to assess the resident phacoemulsifica-
tion learning curve in order to implement cataract sur-
gery training into the residency program in the future.

Material and Methods

This prospective study comprised 86 consecutive
cases of phacoemulsification performed by eight resi-
dents over a one-year period at Clinical Department
of Ophthalmology, Sestre milosrdnice University
Hospital Center in Zagreb. During the study period,
resident surgeons at the second, third and last year of
residency performed all cases after approval by attend-
ing ophthalmologists. Four of eight residents had prior
extracapsular cataract extraction experience and others
had previous wet lab experience. Preoperatively col-
lected data included patient age, sex, operated eye, best
corrected visual acuity (BCVA) and type of cataract.
Patients with other ocular comorbidities were exclud-
ed.The senior cataract surgeon was present throughout

the procedures. In all cases, the residents used standard
technique under topical or local anesthesia. After clear
cornea incision (knife 2.4 mm) and paracentesis, con-
tinuous curvilinear capsulorhexis was performed using
forceps. After hydrodissection and hydrodelination,
the lens was phacoemulsified, usually with ‘dived and
conquer’ technique using the Alcon Infinity Vision
system phacomachine. When possible, three-piece
foldable MA60AC Acrysoft intraocular lens (Alcon,
Fort Worth, USA) was inserted in the posterior cham-
ber, followed by aspiration of the remaining viscoelas-
tic. After instillation of antibiotic (Ketocef, Pliva
Hrvatska, Zagreb, Croatia) in the anterior chamber,
corneal incision and paracentesis were hydrated. When
needed, clear corneal incision was sutured using 10-0
suture. At the end of surgery, corticosteroid subcon-
junctival injection was administered. At the end of sur-
gery, the trainees completed a questionnaire defining
for each of 10 steps whether they succeeded to per-
form it alone or with assistance of the senior surgeon.
Operative data obtained on each case included resi-
dent and attending surgeon, date of operation, step-
by-step success questionnaire, intraoperative compli-
cations, and resident case number representing actual
experience of the individual resident. Postoperative
data collected included visual acuity at one-month
postoperative visit and postoperative complications.
At the end of the study, all residents completed a ques-
tionnaire rating the degree of difficulty of 10 individu-

SUBJECTIVE DIFFICULTY OF EACH STEP IN PHACOEMULSIFICATION SURGERY
NAME:
STEP SCORE

CORNEAL INCISION very easy 1 2 3 4 5 very difficult
PARACENTESIS very easy 1 2 3 4 5 very difficult
VISCOELASTIC INJECTION | very easy 1 2 3 4 5 very difficult
CAPSULORHEXIS very easy 1 2 3 4 5  |very difficult
HYDRODISSECTION very easy 1 2 3 4 5 very difficult
PHACOEMULSIFICATION very easy 1 2 3 4 5 very difficult
/A very easy 1 2 3 4 5 |very difficult
IOL INSERTION very easy 1 2 3 4 5 very difficult
VISCOELASTIC REMOVAL very easy 1 2 3 4 5 very difficult
HYDRATION very easy 1 2 3 4 5 |very difficult
DEXA INJECTION very easy 1 2 3 4 5 |very difficult

Fig. 1. The questionnaire to assess subjective difficulty in performing each step.
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al phacoemulsification stages on a 5-point scale from 1
(very easy) to 5 (very difficult) (Fig. 1). Statistical anal-

ysis was performed using Microsoft Excel.

Results

Eight residents performed 86 operations under the
guidance of three attending surgeons with relatively
even case distribution among residents (mean number
of cases: 10.75+2.56); 73 (84.88%) procedures were
successfully performed without complications, where-
as some complications occurred in 13 (15.12%) cases.
The mean patient age at the time of surgery was
68+7.56 years. None of the procedures had to be con-

verted to extracapsular cataract extraction (ECCE).
The mean BCVA improved from 0.47+0.25 to
0.8+0.25 postoperatively.

In order to establish learning curve for each resident,
we evaluated the number of successfully individually
performed steps of operation for each resident case
number during training period and identified those
steps that most commonly needed assistance by senior
surgeon. The mean number of individually performed
steps per operation was 7.6 at beginning and 9.3 at the
end of the study (Fig. 2). Figure 3 shows the percentage
of success in performing each step in all operations.

Steps that most commonly needed assistance were
capsulorhexis (44.19%, mean 19), phacoemulsification
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Fig. 2. The resident learning curve: number of individually performed steps per resident case number.
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Fig. 3. Percentage of successful steps in all operations.
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Fig. 4. Improvement in performing most difficult steps by
increasing resident experience.

(19.78%, mean 34) and cortex removal (37.00%, mean
29). When comparing success in performing these
steps at the beginning with cases at the end of the
study, improvement in performance was recorded
throughout the period of residency training (Fig. 4).
Intraoperative complications occurred in 13 (15.12%)
cases and included posterior capsular tear in 13 cases
and one case of nucleus drop. Posterior capsular tear
occurred in 8 cases during phacoemulsification and in
5 cases during cortex aspiration. Comparison of the
resident case number recorded at the beginning (first
five operations) and later in the period of training
showed a decrease in the rate of intraoperative compli-
cations (8.14% wvs. 6.98%) (Fig. 5). The rate of compli-
cations continued to decrease throughout residency
training. The mean postoperative follow up period was
6 months. There was one early postoperative complica-
tion, endophthalmitis, which was successfully treated,
and no other postoperative complications such as cys-
toid macular edema or keratopathy were observed.
According to resident subjective judgment, the
most difficult stages were phacoemulsification and cap-
sulorhexis with the highest scores (4.8+0.4 and 3.6+0.5),
followed by cortex aspiration (3.33+1.4) with comple-
tion rates of 20.93%, 55.81% and 32.56%, respectively.
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Fig. 5. Decrease in the intraoperative complication rate.

'The last two steps of subconjunctival corticosteroid in-
jection and hydratization of incisions, and the first two
steps of corneal incision and paracentesis were easiest
to perform, yielding a nearly 100% completion rate,
while hydrodissection, irrigation/aspiration and intra-
ocular lens insertion had difficulty rates of 3.3+1.2,
2.0+0.89 and 3.0£1.41, with completion rates of
72.09%, 58.14% and 55.81%, respectively (Fig. 6).

Discussion

In our study, most patients achieved very good visual
acuity (0.8+0.25) after resident operation, which is con-
sistent to other literature reports''*. This can be ex-
plained by good case selection and excluding patients
with other preexisting ocular comorbidities. Careful pa-
tient selection appears to be very important for overall
success, especially in resident early cases”!°.

According to our results, phacoemulsification, cap-
sulorhexis and cortex aspiration are steps that most
commonly require assistance of senior surgeon (al-
though increasing success is recorded with the increas-
ing number of operations, i.e. resident experience).
Our data suggest that the learning curve for capsu-
lorhexis is faster than that for cortex aspiration and
phacoemulsification. For mastering these steps, resi-
dents require more successive cases over time, as shown
by Robin ez al.”. Baxter et al. report that high-frequen-
cy intensive surgical training leads to safe and efficient
mastering of phacoemulsification steps with a low rate
of intraoperative complications (0.66%) and high
completion rate after first 6 months'?.

Acta Clin Croat, Vol. 55, No. 4, 2016
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Fig. 6. Completion rate and mean difficulty score in each step.

In our study, the overall intraoperative complica-
tion rate (15.12%) was in the upper normal range re-
ported elsewhere (1.8 % to 15%)°2. This could be ex-
plained by the fact that half of the trainees (4/8) were
at the very beginning of the operating learning curve,
having only wet lab experience. Although some au-
thors report that prior experience in standard ECCE
is required for safe phacoemulsification technique
learning, we agree with Quillen ez a/., Rutar ez a/. and
Briszi e al., who report the rate of intraoperative com-
plications to be comparable for third-year residents
with and without previous ECCE experience’!. Ad-
ditionally, a relatively low mean number of operations
per resident was the greatest limitation of our study
since Randleman ez a/. showed the rate of posterior
capsular tear to decrease beyond the first 200 cases and
the rate of vitreous loss after the first 80 cases'>. Our
study confirmed the rate of intraoperative complica-
tions to decrease during learning process with the in-
creasing number of operations, as previously report-
ed”1®1>1416 Based on the report by the Residency Re-
view Committee of Accreditation Council for Gradu-
ate Medical Education!, according to which the
minimum number of cataract procedures performed
by resident as primary surgeon should be 86, we intend
to continue our training program in order to improve

Acta Clin Croat, Vol. 55, No. 4, 2016

our resident skills and competency. Concerning sub-
jective difficulty in each step of the operation, residents
found phacoemulsification and capsulorhexis to be the
most difficult steps in the learning curve. These results
are similar to those reported by Dooley and O’Brien'.
Lower completion rates for the last steps, which were
marked as easy in our study, could be explained by the
fact that in cases where previous step needed assistance
of senior surgeon, he usually would finish the opera-
tion. Our study was designed for residents to start
learning the procedure from the beginning and senior
surgeon would intervene in the stage where resident
would have problems, often finishing the operation.
Comparing subjective judgment with objective com-
pletion rate of individual steps, our study indicated
that learning process should be started with easiest
steps, so that the need for senior surgeon to take over
early in the course of surgery would be reduced to
minimum. Such a step-by-step training program has
already been reported by Yulan ez a/. as a safe and effec-
tive way for residents to achieve independent phaco-
emulsification cataract surgery skills’”. The low overall
completion rate in our study (4.65%) supports the
step-by-step training program to be recommended in
the learning process. As a result of our study, we plan
to improve the quality of the resident training program
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at our Department by maximizing the number of cata- 9. Rutar T, Porco TC, Naseri A. Risk factors for intraoperative

ract procedures performed by residents and imple— complications in resident-performed phacoemulsification sur-

menting the step-by-step training model. gery. Ophthalmology. 2009;116(3):431-6. doi: 10.1016/j.0ph-
tha.2008.10.028. Epub 2009 Jan 22.
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Sazetak

KRIVULJA UCENJA OPERACIJE MRENE METODOM FAKOEMULZIFIKACIJE SPECIJALIZANATA
NA KLINICI ZA OFTALMOLOGIJU KLINICKOG BOLNICKOG CENTRA SESTRE MILOSRDNICE

V. Lacmanovic Loncar, R. Tadié, L. Dujmovic, L. Knezevié, A. Koluder, M. Vidovic, I. Krolo, 7. Kaurié
V. Gaspar Mitrecic, I Petric Vickovic, R. Ivekovic'i Z. Vatavuk

Cilj ove studije bio je prikazati proces i krivulju ucenja specijalizanata oftalmologije i optometrije u operaciji katarakte
metodom fakoemulzifikacije. U ovom prospektivnom istrazivanju izvedeno je 86 uzastopnih operacija katarakte metodom
takoemulzifikacije koju su u razdoblju od jedne godine na Klinici za oftalmologiju KBC “Sestre milosrdnice” u¢ili specijali-
zanti oftalmologije uz nadzor iskusnih operatera. Prikupljeni operativni podatci ukljuéili su specijalizanta operatera, mento-
ra, datum operacije, upitnik uspje$nosti po koracima operacije i intraoperacijske komplikacije. Poslijeoperacijski se pratila
najbolje postignuta korigirana vidna o$trina operiranih nakon mjesec dana te razvoj poslijeoperacijskih komplikacija. Uku-
pno je udinjeno 86 operacija uz stalni nadzor iskusnijih operatera. Najbolje korigirana vidna o$trina operiranih poboljsala se
sa srednje vrijednosti od 0,47+0,25 na 0,8+0,25 poslijeoperacijski. Intraoperacijske komplikacije su nastupile u 13 (15,12%)
operacija, ali se njihova ucestalost tijekom vremena u procesu ucenja smanjila. Prosjecan broj samostalno u¢injenih koraka po
pojedinoj operaciji za svakog specijalizanta se povecao tijekom procesa ucenja (prosjecno od 7,6 do 9,0). Poslijeoperacijski se
samo u jednog bolesnika razvio endoftalmitis, dok druge poslijeoperacijske komplikacije nisu zabiljezene. Kirurske vjestine
specijalizanata se mogu poboljsati poveéanjem broja i ucestalosti u¢injenih operacija tijekom vremena, jer ucestalost intraope-
racijskih komplikacija opada, a uspjesnost svladavanja pojedinih koraka operacije raste s pove¢anjem kirurskog iskustva.

Kljucne rijeci: Operacija mrene; Krivulja ucenja; Fakoemulzifikacija; Ruptura stragnje kapsule; Intraoperacijske komplikacije
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