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Abstract
Purpose To examine the incidence, characteristics and outcomes of posterior capsular rupture (PCR) cases amongst the
ophthalmology trainees and to evaluate the trainees’ confidence in managing PCR.
Methods A two-staged cross-sectional study was carried out between September 2017 and April 2018 in the North East of
England, UK. All ophthalmology trainees were surveyed on their confidence level in managing PCR and the characteristics
and outcomes of their PCR cases.
Results Fifteen (71.4%) out of 21 trainees completed the study. The mean number of phacoemulsification was 268.9 ± 250.9
cases (range, 0–705) per trainee. There were 82 (1.9%) cases of PCR reported among 4303 phacoemulsification. PCR
occurred most commonly during quadrant removal (44.0%) and cortex removal (21.3%). The best-corrected visual acuity (in
logMAR) improved significantly from 0.47 ± 0.32 preoperatively to 0.20 ± 0.19 postoperatively (p < 0.001). The supervising
consultant took over 80.5% of the PCR cases. The PCR rate decreased significantly from 3.1% at 0–100 cases to 0.6% at
301–400 cases (p= 0.004) and to 0.4% at >500 cases (p= 0.005). Confidence in managing PCR (without supervision)
improved from 0% (9/9) at junior level to 50% (3/6) at senior level, and the average number of anterior vitrectomies
performed was 0.6 ± 0.9 (range: 0.0–2.0).
Conclusions We observed a low PCR rate among the trainees in our region, with the majority of cases achieving good visual
outcome. A significant reduction in PCR rate was observed at the threshold of >500 cases. There is however a lack of
confidence among trainees in managing PCR, highlighting the need for devising new training strategies in this area.

Introduction

Cataract surgery is the most commonly performed surgery
in the world [1]. With the growing population and
increasing life expectancy, the demand for cataract surgery
is expected to continue to rise in the future [2]. Despite the
rising pressure on ophthalmology services, the safety of
cataract surgery remains high with good visual outcome and
low complication rate [3]. Whilst safety of cataract surgery
can be defined in many ways, posterior capsule rupture
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(PCR) rate often serves as one of the most important indi-
cators. This is primarily attributed to the fact that PCR can
negatively impact on the visual outcome and result in sig-
nificant complications such as retinal detachment and
endophthalmitis [3–5].

Cataract surgery is one of the core competencies
embedded within the ophthalmology training curriculums in
many countries, including the UK. Studies have shown that
~10–35% of cataract surgeries were performed by trainees
[6, 7], highlighting the substantial impact of trainee-
performed surgeries on patients and healthcare services. In
the UK, trainees are required to perform a minimum number
of 350 cataract surgeries independently—a level set by the
Royal College of Ophthalmologists—prior to being certi-
fied as an ophthalmology specialist. As trainees progress
through their 7-year training programme, they are expected
to deal with more complex cases and manage potential
intraoperative complications such as PCR. However, with
the increasing safety of cataract surgery [6, 8], there is
concern over the lack of experience and confidence among
ophthalmic trainee surgeons in managing complications
such as PCR [9, 10].

To date, there are only limited studies that have speci-
fically examined the characteristics and outcomes of PCR
among ophthalmology trainees [11, 12]. Day et al. [6]
reported that the visual outcome following cataract surgery
was similar between trainees and consultant ophthalmolo-
gists in the UK; however, there was no specific evaluation
on the characteristics or outcomes of PCR cases related to
trainee surgeons. In view of the paucity of literature, this
study aimed to examine the incidence, characteristics, and
outcomes of PCR among the ophthalmology trainees in the
North East of England, UK, as well as to evaluate their
confidence level in managing PCRs.

Materials and methods

This was a two-staged cross-sectional study carried out
between September 2017 and April 2018 and involved all
members of the North East Trainee Research in Ophthal-
mology Network (NETRiON) working in five tertiary
hospitals in the North East of England, UK [13, 14]. Ethical
approval was not required as this retrospective study was
classified as a service evaluation study. The study was
conducted in accordance with the tenets of Declaration of
Helsinki.

Stage 1: questionnaire-based survey

In order to assess the experience and confidence in dealing
with PCR, an electronic questionnaire-based survey (see
Supplementary Table 1) was sent to all NETRiON trainees

via email in September 2017, followed up by another
reminder email in November 2017. Relevant data, including
the trainee’s grade, total number of cataract surgeries, PCR
and anterior vitrectomies performed, confidence in mana-
ging PCR and potential strategies to improve confidence,
were collected from trainees’ e-logbook and analysed.

Stage 2: retrospective examination of PCR cases

At the second stage, all the respondents were asked to ret-
rospectively review all of their PCR cases via e-medical
records and case notes for further data collection. Eligible
cases were those performed on patients aged ≥18 years
using phacoemulsification. PCR, with or without vitreous
loss, was defined as an unintentional communication with
the posterior segment as result of a breach in the posterior
capsule. The following data were included for the study:
trainee’s grade at time of PCR, number of cataract cases
they had completed prior to the PCR, preoperative best-
corrected visual acuity (BCVA), ocular co-morbidities (that
could affect the visual prognosis), potential surgical com-
plicating factors (based on Muhtaseb et al. risk-scoring
system) [15], type of anaesthesia used, stage of surgery
when PCR occurred, any primary insertion of intraocular
lens (IOL), degree of senior supervision, take-over by
supervisor, involvement of the vitreoretinal team, compli-
cations and post-operative BCVA (defined by the best-
measured visual acuity within 1 year of post cataract sur-
gery). The second stage of study was completed in
April 2018.

Statistical analysis

Statistical analysis was performed using SPSS version 26.0
(IBM SPSS Statistics for Windows, Armonk, NY, USA).
Snellen vision was converted to logMAR vision for analytic
purpose and counting fingers were quantified as 1.9 log-
MAR [16]. Significant visual loss was defined as a reduc-
tion of BCVA by ≥0.30 logMAR between preoperative and
post-operative visits [6]. Comparison between groups was
conducted using Pearson’s Chi-square or Fisher’s Exact test
where appropriate for categorical variables, and T-test or
Mann–Whitney U test for continuous variables. Normality
of data distribution was assumed if the skewness and kur-
tosis z values were between −1.96 and +1.96 and the
Shapiro–Wilk test p value was >0.05. All continuous data
were presented as mean ± standard deviation.

For descriptive and analytic purposes, trainees were
divided into two groups, namely the junior trainees who
were in ophthalmic specialist training (OST) year 1–4 and
senior trainees who were in OST5–7. In addition, influence
of trainees’ experience on the PCR rate was analysed in 5
groups of 100 cases in succession, from 0–100 cases to
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>500 cases. p value of <0.05 was considered statistically
significant and crude Bonferroni-type adjustment was
used for subgroup analysis to keep the overall false
positive rate at 0.05 [e.g., p value of <0.01 (based on 0.05/5)
was considered significant if five subgroups were com-
pared] [17].

Results

Of all 21 members of NETRiON, 15 (71.4%) trainees
completed both parts of the study; 9 (60.0%) and 6 (40.0%)
were junior (OST1–4) and senior trainees (OST5–7),
respectively. All senior trainees were either in OST6 or
OST7. A total of 4303 phacoemulsification operations were
performed with 82 (1.9%) PCR episodes being reported.
The mean number of phacoemulsification was 268.9 ±
250.9 cases (range, 0–705) per trainee.

Preoperative and intraoperative characteristics

Based on 59 (72.0%) cases with available information
(missing data were due to case note unavailability), the
mean preoperative BCVA (in logMAR) was 0.47 ± 0.32
(range, 0.0–1.9). Ocular co-morbidities were present in 15
(18.3%) cases, with age-related macular degeneration (11,
73.3%) being the most common condition. Surgical com-
plicating factors were reported in 13 (15.9%) cases, with 7
(8.5%) cases having one factor and 6 (7.3%) cases having
two factors (Table 1). Of all 19 reported factors, small pupil
(5, 26.3%), uncooperative patient (5, 26.3%), shallow
anterior chamber (4, 21.1%) and use of alpha-blocker
medication/intraoperative floppy iris syndrome (3,15.8%)
were the common factors. No difference was noted in the
proportion of ocular co-morbidities (p= 1.0) and surgical
complicating factors (p= 0.72) between the junior and
senior trainees’ groups (Table 1). Of the 77 cases with
recorded anaesthetic method, topical ± intracameral anaes-
thesia (41, 53.2%) was the most commonly used method,
followed by sub-Tenon’s (33, 42.9%), retrobulbar (2, 2.6%)
and general anaesthesia (1, 1.3%).

Characteristics and management of PCR

Of the 82 (1.9%) with PCR, vitreous loss was reported in 62
(75.6%) cases. Of 75 cases with available information, PCR
occurred most commonly during the stage of quadrant
removal (33, 44.0%), followed by cortex removal (16,
21.3%), and insertion of IOL (10, 13.3%; Fig. 1). There was
a borderline significant difference in the stages of PCR
between junior and senior trainee groups (p= 0.06), parti-
cularly during hydrodissection (3.4% vs. 17.6%), cortex
removal (17.2% vs. 35.3%) and IOL insertion (15.5% vs.

5.9%; Table 1). One case occurred during the stage of
wound hydration, which was secondary to an inadvertent
cannula injury. Of 78 cases with available information, a
primary IOL was inserted in 58 (74.4%) cases at the time of

Table 1 Characteristics of posterior capsular rupture (PCR) cases
divided into junior trainee group (OST4 or less) and senior trainee
group (OST5 or more).

Parameters Total N=
82 (%)

Junior
trainees;
N= 63 (%)

Senior
trainees;
N= 19 (%)

p value*

Number of PCR 0.77

With vitreous loss 62 (75.6) 47 (74.6) 15 (78.9)

Without vitreous loss 20 (24.4) 16 (25.4) 4 (21.1)

Ocular co-morbidities 1.0

Yes 68 (82.9) 52 (82.5) 16 (84.2)

No 14 (17.1) 11 (17.5) 3 (15.8)

Complicating factors 0.72

No factor 69 (84.1) 53 (84.1) 16 (84.2)

One factor 7 (8.5) 6 (9.5) 1 (5.3)

Two factors 6 (7.3) 4 (6.3) 2 (10.5)

Stages of PCRa 75 (100.0) 58 (100.0) 17 (100.0) 0.06

CCC 2 (2.7) 2 (3.4) 0 (0.0)

Hydrodissection 5 (6.7) 2 (3.4) 3 (17.6)

Grooving 7 (9.3) 7 (12.1) 0 (0.0)

Quadrant removal 33 (44.0) 27 (46.6) 6 (35.3)

Cortex removal 16 (21.3) 10 (17.2) 6 (35.3)

IOL insertion 10 (13.3) 9 (15.5) 1 (5.9)

VE removal 1 (1.3) 0 (0.0) 1 (5.9)

Wound hydration 1 (1.3) 1 (1.7) 0 (0.0)

Supervising consultant 0.002

Scrubbed in theatre 43 (52.4) 39 (61.9) 4 (21.1)

Not scrubbed but in
theatre

21 (25.6) 15 (23.8) 6 (31.6)

Not in theatre 18 (22.0) 9 (14.3) 9 (47.4)

Take-over by supervisor <0.001

Yes 66 (80.5) 59 (93.7) 7 (36.8)

No 16 (19.5) 4 (6.3) 12 (73.2)

Referred to
vitreoretinal team

0.77

Yes 21 (25.6) 17 (27.0) 4 (21.1)

No 61 (74.4) 46 (73.0) 15 (78.9)

Confidence in managing
PCRb

15 (100.0) 9 (100.0) 6 (100.0) 0.003

Confident without
supervision

3 (20.0) 0 (0.0) 3 (50.0)

Confident with
supervision

4 (26.7) 1 (11.1) 3 (50.0)

Not confident 8 (53.3) 8 (88.9) 0 (0.0)

CCC continuous curvilinear capsulorrhexis, IOL intraocular lens, VE
viscoelastic.

*Comparison was made between junior and senior trainees. Chi-square
or Fisher’s exact test was used where appropriate. When there were
more than two aspects being compared under a particular parameter,
analysis was first performed for the overall difference followed by
further analysis comparing each aspect. Significant values are
underlined.
aThis was based on 75 of 82 cases where information was available.
bThis was based on 15 trainees instead of number of cases.
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complication, with 40 (69.0%), 17 (29.3%) and 1 (1.7%)
cases of IOL implanted in the sulcus, in the bag, and in the
anterior chamber, respectively.

In the majority of cases (66, 80.5%), the supervising
consultant took over the case and managed the PCR. The
take-over rate reduced significantly as the trainees progressed
from junior to senior level (p < 0.001; Table 1 and Fig. 2). Of
the 16 (19.5%) PCR cases managed by trainees, 4 (25.0%)
and 12 (75.0%) were performed by the junior and senior
trainees, respectively. When the PCR occurred, the super-
vising consultant was scrubbed with the trainee in 43 (52.4%)
cases, and this was significantly higher in cases performed by
the junior trainees (p= 0.002; Table 1). Referral to vitreor-
etinal team was warranted in 21 (25.6%) cases.

Post-operative visual outcome and complications

Of 59 (72.0%) recorded cases, the mean BCVA (in log-
MAR) improved significantly from 0.47 ± 0.32 to 0.20 ±
0.19 (p < 0.001). The proportion of patients with BCVA ≤
0.3 logMAR (equal or better than 6/12) improved sig-
nificantly from 26 (44.1%) patients to 46 (78.0%)
patients (p < 0.001; Fig. 3). In 47 patients with no ocu-
lar co-morbidity (and with available information), 41
(87.2%) patients achieved BCVA of ≤0.3 logMAR.
Two (3.4%) patients experienced significant visual
loss (>0.3 logMAR) due to persistent cystoid macular
oedema (CMO).

Influence of trainees’ experience on PCR rate

Overall, the PCR rate was 2.5% (63 of 2473 cases) and
1.0% (19 of 1830 cases) during junior and senior training
years, respectively. Compared to the first 100 cases of
cataract surgery, there was a significant decrease in the risk

of PCR by 81% at 301–400 cases (p= 0.006) and by 87%
after 500 cases (p= 0.005; Table 2).

Confidence in managing PCR

There was a significant difference in the confidence level of
managing PCR between junior and senior trainees
(Table 1). Overall, eight (53.3%) trainees were not con-
fident in managing PCR even with supervision and only
three (50%) of six senior trainees were confident in mana-
ging PCR without supervision. In 24 (37.5%) of the 64 PCR
cases which were taken over by the supervising consultant,
trainees stated that they would like to have continued with
the case themselves and developed skills in managing PCR.
In the other 40 (62.5%) cases, lack of experience and/or
confidence was reported as the main reason why the trainees
did not want to manage the PCR. In 2 (3.1%) cases, time
constraint was reported to be the main factor why PCR was
not managed by the trainee.

The mean number of anterior vitrectomies performed by
trainees was 0.6 ± 0.9 (range: 0.0–2.0) with senior trainees
having performed a mean of 1.2 ± 1.0 (range 0.0–2.0).
Two (33%) senior trainees had never performed an
anterior vitrectomy. The trainees felt that they needed to
manage at least an average of 6.4 ± 5.0 PCR cases (range,
2–20) in order to handle the complication confidently as a
consultant.

Discussion

To the best of our knowledge, this represents the first study
examining the incidence, characteristics, outcomes and
confidence in managing PCR during cataract surgery
amongst the ophthalmology trainees in the North East of
England, UK. Based on 4303 cases of phacoemulsification,
we demonstrated a 1.9% PCR rate among the ophthalmol-
ogy trainees in our region. This was considerably lower
than the rate reported in the literature, which was estimated
at 5.7% based on 44 studies [18]. The heterogeneity of PCR
rate could be attributed to the variations in the length and
intensiveness of the training programmes, the case-mix, and
the surgical experience of trainees.

As with any type of surgery, phacoemulsification is asso-
ciated with a learning curve. According to the UK National
Ophthalmology Database, the overall PCR rate of consultant
ophthalmologists and trainee surgeons were 1.6% and 3.2%,
respectively [6]. Randleman et al. [19] reported a considerable
difference in the PCR rate before and after 80 cases (6.3% vs.
3.5%). In a similar vein, we observed a significant bimodal
reduction in the risk of PCR from 3.1% (at 0–100 cases) to
0.6% (after 300 cases) and to 0.4% (beyond 500 cases). An
important point to consider which can significantly affect

Fig. 1 Summary of stages of cataract surgery (performed by oph-
thalmology trainees) when posterior capsular rupture occurred.
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complication rates in cataract surgery is the complexity of
cases which trainees are operating on [15, 20]. In our study,
16% of eyes had at least one complicating factor which made
the surgery more difficult. However, there was no significant
difference in the number of complicating factors between
junior and senior trainees’ groups, suggesting that the higher
PCR rate in the former group was related to the learning curve
of surgery.

With the recent “Get It Right First Time” report [21], UK
hospitals are bench marked to perform at least eight cataract

operations within a 4-h session. Because of these time con-
straints, it is likely that more difficult cases will be allocated to
consultants. With careful selection of case-mix using a risk-
stratifying system, sufficient time may be allocated for the
trainees to perform on high-risk cases [5, 15, 20, 22].

Characteristics of PCR

In our study, we demonstrated that PCR most commonly
occurred during quadrant removal (44%) and cortex

Fig. 2 Influence of the seniority
of trainees on the supervisor’s
take-over rate during the
management of posterior
capsular rupture.

Fig. 3 Pre- and post-operative
best-correct visual acuity of
cataract surgery with posterior
capsular rupture among
ophthalmology trainees.
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removal (21%). This pattern remained similar between
junior and senior trainees’ groups. This parallels the find-
ings of a study conducted in Singapore where phacoe-
mulsification (60%) and irrigation/aspiration (25%) were
found to be the most common stages of PCR based on 887
cases [12]. Knowledge of the most common stages in which
PCR occurs can enable trainers to place more emphasis and
closer supervision in these areas when teaching ophthal-
mology trainees. Interestingly, 13% of PCR cases occurred
during the stage of IOL insertion in our study. Further post
hoc “face-to-face interview” with the involved trainees
revealed that a few cases were related to the use of an
unfamiliar three-piece IOL and other cases were reported
that the stage of PCR was uncertain but was noted during
the IOL insertion. In addition, one PCR case occurred
during the last stage of cataract surgery (i.e., wound
hydration) secondary to an inadvertent cannula injury,
which has been recognised as a rare yet potentially sight-
threatening complication of cataract surgery [23, 24].

Visual outcome and complication

Studies have shown that PCR is a significant modifiable
adverse risk indicator for visual prognosis and major com-
plications following cataract surgery [3, 5, 12]. In a study of
cataract surgery complicated by PCR [12], the visual out-
come was significantly worse when compared to uncom-
plicated surgeries (94% of eyes achieving ≥6/12 in PCR
cases compared to 99% in uncomplicated cases). However,
there was no statistical difference in visual outcomes
between cases performed by faculty and residents. In our
study, we demonstrated that good outcome can be achieved
following PCR among ophthalmology trainees, with a mean
improvement of 0.28 logMAR vision. Visual outcomes
were similar to the results of the National Ophthalmology
Database Audit where 77% of eyes with PCR (performed
by trainees or consultants) had a post-operative BCVA of
logMAR ≤ 0.3 [3]. In addition, our results were better than a

previous study of 133 eyes with complicated cataract sur-
gery where significant improvement of BCVA (≥3 Snellen
lines) was only achieved in 44% of patients at 12 months
post operative [25]. Two (3.4%) of our patients experienced
significant visual loss (>3 Snellen line) due to persistent
CMO, for which the treatment was still ongoing.

The favourable outcomes observed in our study might be
attributable to careful supervision of the trainees during
surgery with high take-over rate (81%) by the supervising
surgeon, and good post-operative management. However, it
is important to strike a fine balance between achieving good
outcome and training the trainees to manage PCR inde-
pendently and safely.

Confidence in managing PCR

Increased safety of cataract surgery combined with reduced
working hours for trainees have limited the amount of
surgical training and reduced the opportunities for trainees
to deal with cataract complications. Our study adds further
evidence to this with the mean number of anterior vitrec-
tomies carried out by trainees being 0.6, with 33% of senior
trainees having never performed an anterior vitrectomy. We
found that only 50% of senior trainees felt confident in
managing PCR without supervision. Although this was
higher than the rate (18%) reported in the Wessex Deanery
[9], it was lower than the rate (74%) reported in a recent UK
study [10]. In order to produce junior consultants who are
confident in managing PCR themselves and teaching trai-
nees on managing PCR, it is important for them to develop
this competency before their CCT.

Surgical simulation (e.g., Eyesi surgical simulator,
VRMagic Holding AG, Mannheim, Germany) and vitrect-
omy training during vitreoretinal rotations have been sug-
gested to enhance trainees’ confidence in cataract surgery
and reduce complication rate [9, 10, 26]. In addition, as all
OSTs are expected to attend the RCOphth microsurgical
skill course at the start of training, a potential solution is to
perhaps roll out a mandatory RCOphth-based course on the
management of PCR during OST4–5 level to improve the
trainees’ competency and confidence. Although not eval-
uated in this study, other potential issues that could also
affect the training of cataract surgery include high volume
private providers cherry picking the easy cataract surgery
cases locally, increased pressure on service demand where
high volume cataract lists are required, and the lack of wet
lab or cataract/VR surgery simulation platforms in some
regions.

Limitations

One of the limitations of this study is that the results were
restrained to only one of the 15 deaneries in England.

Table 2 Influence of trainee’s experience on the posterior capsular
rupture (PCR) rate, using the first 100 cases as the reference point.

Cases PCR rate (%) Odd ratios (95% CI) p value*

0–100 3.09 Refs. –

101–200 2.47 0.80 (0.47–1.35) 0.40

201–300 1.37 0.44 (0.22–0.88) 0.021

301–400 0.59 0.19 (0.06–0.61) 0.006

401–500 1.67 0.53 (0.25–1.15) 0.11

>500 0.40 0.13 (0.03–0.53) 0.005

CI confidence interval.

*p values of < 0.01 were considered statistically significant, after
adjusting for Bonferroni correction for multiple comparison (n= 5
groups).
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However, all trainees in the UK are required to undergo the
same robust national training programme that is approved and
accredited by the Royal College of Ophthalmologists and the
General Medical Council. We therefore believe that our
results are likely to be representative of the training
throughout the country. Future similar studies conducted at
the national level would help further validate our findings and
ascertain the underlying factors that could affect the training
of cataract surgery and management of PCR. Another lim-
itation of the study is that the results are based on the accuracy
of the documentation and therefore the trainee’s subjective
assessment of the operation, including stages of PCR occurred
and surgical complicating factors. Video recording—an
invaluable teaching and training tool—would also help pro-
vide more accurate and objective assessment of these PCR
cases. Long-term follow-up of these cases would also provide
invaluable information on the long-term outcome and com-
plications such as retinal detachment, which may not manifest
during the first post-operative year.

In conclusion, this study provides detailed information on
the incidence, characteristics and outcomes of PCR among
ophthalmology trainees and evaluates their perspective and
confidence in managing PCRs. We observed that good visual
prognosis can be achieved in these patients when PCR was
appropriately managed. However, we observed a lack of
confidence among trainees in managing PCR, highlighting the
need for devising new training strategies in this area.

Summary

What was known before

● Cataract surgery is associated with a learning curve.
● The rate of posterior capsular rupture (PCR) among

ophthalmology trainees was estimated at 5–6% in the
recent literature.

● Few studies have highlighted the lack of experience and
confidence in managing cataract surgery complications.

What this study adds

● This represents the first study in the North East of
England that examined the incidence, characteristics and
outcomes of PCR among the ophthalmology trainees.

● We observed a low (1.9%) PCR rate among the
ophthalmology trainees, with good visual outcome
being achieved in the majority of cases.

● The risk of PCR significantly decreased after the
threshold of 500 cases.

● PCR most commonly occurred during quadrant removal
and cortex removal.

● There is a lack of experience and confidence in
managing PCR among the trainees, with a high
consultant take-over rate (81%).
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