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A prospective and nationwide study investigating
endophthalmitis following pars plana vitrectomy:
incidence and risk factors
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ABSTRACT
Background/aims This is the ﬁrst nationwide
prospective study to investigate the incidence and risk
factors of endophthalmitis following pars plana vitrectomy
(PPV).
Methods This was a prospective, nationwide case–
control study. Cases of presumed infectious
endophthalmitis within 6 weeks of PPV were reported via
the established British Ophthalmological Surveillance Unit.
The surveillance period was 2 years. Controls (patients
who had PPV but no endophthalmitis) were recruited from
nine randomly selected UK centres.
Results 37 reports were received and 28 cases met the
diagnostic criteria for presumed infectious endophthalmitis
following PPV. The incidence of endophthalmitis following
PPV was 28 cases per 48 433 PPVs (1 in 1730 with a
95% CI of 1 in 1263 to 1 in 2747). 272 controls were
randomly recruited from nine UK centres. Smaller gauge
port sizes were not found to be a risk. Immunosuppression
(OR 19.0, p=0.001) and preoperative topical steroids (OR
131.4, p<0.001) increased the endophthalmitis risk.
Operating for retinal detachment was associated with a
reduced risk of endophthalmitis (OR 0.10, p=0.005).
Conclusions Endophthalmitis following PPV is rare.
Operating with smaller gauge port sizes does not increase
the risk of endophthalmitis.

INTRODUCTION
Endophthalmitis is a devastating intraocular infection that poses a high risk of severe visual loss. As
with any intraocular intervention, pars plana vitrectomy (PPV) carries a risk of endophthalmitis. For
cataract surgery, the risk of endophthalmitis has
been thoroughly investigated by prospective
studies,1 2 but studies on the risk of endophthalmitis following PPV are retrospective, have small
sample sizes and potential geographical bias.3–16
These retrospective studies reported conﬂicting
results regarding the incidence of endophthalmitis in
transconjunctival sutureless vitrectomy (TSV) with
either 23-gauge (23G) or 25-gauge (25G) surgery,
relative to the conventional, sutured 20-gauge (20G)
surgery. Some studies reported a signiﬁcantly increased
incidence of endophthalmitis in TSV,8 10 11 while
others suggested no increase in incidence of
endophthalmitis in TSV.3–7 9 It is plausible that evolving incision techniques and technology for TSV have
led to a change in endophthalmitis incidence, which
may explain the difference in incidence of endophthalmitis between earlier and more recent series.
Surgeons now routinely use TSV and this shift
towards TSV is increasing in the UK and USA.17
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Because of conﬂicting retrospective data and concerns surrounding TSV we thought it imperative to
obtain more robust data relating to endophthalmitis
following PPV.
This is the ﬁrst prospective and nationwide study
to investigate endophthalmitis following PPV. We
aimed to establish the incidence and risk factors for
presumed infectious endophthalmitis following
PPV in the UK.

MATERIALS AND METHODS
We conducted a prospective, nationwide case–
control study through the surveillance network provided by the British Ophthalmological Surveillance
Unit (BOSU) over a 2-year period (1 May 2010 to 1
May 2012). BOSU provides an established infrastructure to prospectively investigate ophthalmic
conditions with important public health implications in the UK.18
All independent UK Ophthalmologists were sent a
monthly report card to report any case of presumed
infectious endophthalmitis following PPV during the
surveillance period. The case deﬁnition was ‘any case
that was diagnosed and managed as having infectious
endophthalmitis within 6 weeks of PPV, regardless of
microbiology culture status’. PPV performed for
dropped nuclear fragment after complicated cataract
surgery, open-globe trauma, intraocular foreign body
and endophthalmitis were excluded.
Ophthalmologists reporting cases of endophthalmitis following PPV were sent an initial questionnaire within 2 weeks and a follow-up questionnaire
6 months later to obtain case information (questionnaires available as supplemental data/web only
ﬁles). This included potential systemic and ocular
risk factors, preoperative clinical features, operative
details and perioperative complications as shown in
table 1. Information relating to endophthalmitis
clinical presentation, management and outcome are
reported elsewhere.19
Nine UK vitreoretinal centres were randomly
selected as control centres. Each control centre was
asked to provide control data on at least 30 patients
who had PPV without postoperative endophthalmitis during the same study period. This yielded a
total of 272 controls.
The nine control centres were also asked to participate as validation centres by providing
‘in-house’ data on cases of endophthalmitis following PPV during the study period. This information
was obtained by the review of adverse event
recordings and critical incidence reports. This
information was compared with the number of
529
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Table 1 Comparing cases with controls with initial univariate analysis to suggest possible risk factors for endophthalmitis following vitrectomy
Variable (potential risk factor)

Cases (total n=28)

Controls (total n=272)

p Value

Age
Gender (male sex)
Diabetes mellitus
Immunosuppression
Preop oral steroid use
Preop topical steroid use
Recent intraocular surgery
Lens status (phakic)
Previous glaucoma filtration surgery
Surgeon grade (non-consultant)
Port size (23G or 25G)
One or more ports sutured
Conjunctiva displaced
Subconjunctival antibiotic
Intra-cameral or intra-vitreal antibiotic
Postoperative hypotony
Postoperative wound leak
Retinal detachment
Macular hole
Epi-retinal membrane
Diabetic vitreous haemorrhage
Non-diabetic vitreous haemorrhage
Diabetic delamination
Vitreo-macular traction syndrome
Vitreous opacity
Other indication for vitrectomy

Median average age 61
67%
9/27 (33.3%)
3/25 (12.0%)
2/27 (7.4%)
12/27 (44.4%)
6/21 (28.6%)
15/27 (55.6%)
2/27 (7.4%)
5/27 (18.5%)
18/28 (64.3%)§
16/26 (61.5%)
14/17 (82.4%)
26/27 (96.3%)
1/27 (3.7%)
0/27 (0%)
0/27 (0%)
6/27 (22.2%)
2/27 (7.4%)
8/27 (29.6%)
6/27 (22.2%)
2/27 (7.4%)
3/27 (11.1%)
4/27 (14.8%)
2/27 (7.4%)
2/27 (7.4%)

Median average age 63
50%
51/268 (19.0%)
5/267 (1.9%)
2/267 (0.7%)
4/267 (1.5%)
8/270 (3.0%)
190/269 (70.6%)
0/267 (0%)
78/270 (28.9%)
104/265 (39.2%)
205/255 (80.4%)
68/84 (81.0%)
255/271 (94.1%)
7/271 (2.6%)
2/271 (0.7%)
0/271 (0%)
132/271 (48.7%)
45/271 (16.6%)
40/271 (14.8%)
19/271 (7.0%)
12/271 (4.4%)
14/271 (5.2%)
7/271 (2.6%)
3/271 (1.1%)
7/271 (2.6%)

0.95*
0.07†
0.078†
0.023‡
0.043‡
<0.001‡
<0.001†
0.11†
0.008‡
0.25†
0.011†
0.025†
0.89†
0.64†
0.73†
0.65†
n/a
0.015†
0.28‡
0.055‡
0.017†
0.37‡
0.19‡
0.011‡
0.067‡
0.052‡

p Values <0.05 are highlighted in bold and these risk factors were subsequently entered into the logistic regression analysis. Possible risk factors from this analysis were then
investigated with multivariate analysis to establish if they were an independent risk factor (see Table 2).
*Mann–Whitney test.
†χ2 test.
‡Fisher’s exact test.
§19 cases were 23/25 gauge, but only 18 cases that were 23/25 gauge were included in the logistic regression since one case had insufficient data to be included in the multivariate
analysis.

cases that had been reported to BOSU to estimate
under-reporting.
The incidence of endophthalmitis was calculated based on the
number of reported cases that met the diagnostic criteria divided
by the number of PPVs performed in the UK by the National
Health Service (NHS) and private sectors, based on hospital
episode and statistics (HES) data20 and UK census data.21
Cases were compared with controls with univariate analysis to
suggest possible risk factors for endophthalmitis following PPV. χ2
tests or Fisher’s exact tests were used for categorical variables and
average age was compared using a Mann–Whitney test. Possible
risk factors from this analysis (all with a p value of less than 0.1)
were then included in binary logistic regression (forward likelihood ratio method) to establish if multivariate analysis could identify independent risk factors for endophthalmitis following PPV.
ORs and 95% CIs were calculated for risk factors which were signiﬁcant (at p<0.05) in the logistic regression.
The study received ethical approval from the South West
Multicentre Research and Ethics Committee. The study was
recognised as a National Institute for Health Research portfolio
study and all centres involved were registered on the integrated
research application system.

RESULTS
Numbers of cases and controls
Thirty-seven cases of presumed infectious endophthalmitis
occurring within 6 weeks of PPV were reported to the study
530

group during the 2-year surveillance period (1 May 2010 to 1
May 2012). Five were PPVs for dropped nuclear fragment after
complicated cataract surgery, three were duplicate reports and
no information could be obtained for one case. Therefore, a
total of 28 cases met the inclusion criteria.
From the nine control centres, control data were available
from a total of 272 patients (32 from one centre and 30 from
each of the other centres). The same centres acting as validation
centres reported no cases of endophthalmitis following PPV in
seven centres, and two centres had one case each. Both of these
cases of endophthalmitis had already been reported to BOSU.
The reporting rate among validation centres was therefore
100%.

Incidence of endophthalmitis following vitrectomy
The nationwide incidence of endophthalmitis following PPV is
the number of cases (numerator) divided by the number of PPV
operations (denominator) performed in the UK in the same
period.
Twenty-eight cases met the inclusion criteria during the study
period and form the numerator. A total of 38 164 PPVs were
performed in England during the study period according to
HES data (18 646 for 2009–2010 and 19 518 for 2010–2011).
These HES data reﬂect NHS operations in England only. The
2011 Census from the Ofﬁce of National Statistics shows that
84% of the UK population lives in England.21 Extrapolating
HES data to the UK population would estimate a total of
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Table 2 Comparing cases with controls with subsequent
multivariate analysis (logistic regression) to identify risk factors for
endophthalmitis following vitrectomy
Variable (potential risk factor)

p Value

OR if p<0.05

95% CI for OR
if p<0.05

Immunosuppression
Preop topical steroid use
Retinal detachment

0.001
<0.001
0.005

19.0
131.4
0.10

3.1 to 115.7
21.8 to 792.7
0.02 to 0.50

45 433 PPVs performed by the NHS in the UK during the study
period.
Although the number of NHS PPVs greatly exceeds that of
private PPVs, we included private sector PPVs for completeness.
One case of endophthalmitis reported followed private PPV.
The number of private PPVs was estimated to be 3000 during
the study’s surveillance period (according to the private sales of
various companies combined with their market share according
to data on ﬁle).
Therefore, during the study’s 2-year surveillance period we
estimate a total of 48 433 PPVs were done in the UK (NHS and
private operations). This suggests the incidence to be 28 per
48 433 (1 in 1730 or 0.058%; with a 95% CI of 1 in 1263 to 1
in 2747).

Risk factors for endophthalmitis following vitrectomy
Demographics comparison between cases and controls did not
show a signiﬁcant difference (table 1).
Univariate analysis comparing cases with controls was completed and suggested the following as possible risk factors for
endophthalmitis: immunosuppression, preoperative topical
steroid use, preoperative oral steroid use, recent intraocular
surgery, previous glaucoma ﬁltration surgery, port size, suturing
one or more ports and diabetic vitreous haemorrhage (table 1).
These possible risk factors were then analysed with multivariate
analysis (logistic regression), which identiﬁed independent variables as risk factors for endophthalmitis (table 2).
Two independent risk factors were therefore identiﬁed for
endophthalmitis, which were immunosuppression (OR 19.0,
95% CI 3.1 to 115.7, p=0.001) and preoperative topical
steroid use (OR 131.4, 95% CI 21.8 to 792.7, p<0.001).
Operating with smaller ports (23G or 25G) was not a risk
factor relative to 20G ( p=0.96). Operating for retinal detachment was associated with a reduced risk of endophthalmitis
(OR 0.10, 95% CI 0.02 to 0.50, p=0.005).

DISCUSSION
This is the ﬁrst nationwide prospective study to investigate
endophthalmitis following PPV. Previous studies have been
retrospective, related to a small geographical area and only
acquired a small number of cases.3–16 This study has the advantage of being prospective and therefore more resistant to bias,
under-reporting, poor follow-up and other confounding factors.
Utilising the BOSU infrastructure, we had a larger study population (the entire UK), which yielded more cases than previous
studies (table 3). The number of cases of endophthalmitis in this
study (28 cases) is similar to the landmark European Society
of Cataract and Refractive Surgeons’ study investigating
endophthalmitis following cataract surgery (29 cases).1
A disadvantage of our study is the possibility of underreporting, although this is likely to be lower than retrospective
studies. BOSU has been established for over a decade and

reporting rates are typically reasonable and estimated to be
70%.18 In addition to the monthly reminder from BOSU to all
independent UK Ophthalmologists, vitreo-retinal surgeons were
regularly reminded to report cases at the British and Eire
Association of Vitreo-Retinal Surgeons (BEAVRS) annual meetings in 2009, 2010, 2011 and 2012, via the BEAVRS online
forum and by presentations at The Royal College of
Ophthalmologists Retina day (2009–1012). Three duplicate
reports are reassuring in that they support the likelihood of a
high reporting rate. This was supported by the 100% reporting
rate for the validation centres. The estimated incidence of
endophthalmitis following PPV is therefore a minimum incidence, since the effect of possible under-reporting would result
in cases being more common than this ﬁgure would suggest.
Our study’s estimate of the minimum incidence of
endophthalmitis following PPV is 28 per 48 433 (1 in 1730
with a 95% CI of 1 in 1263 to 1 in 2747). Table 3 compares
this incidence to other studies. This study suggests endophthalmitis is more common than recent retrospective studies,3–7 9
which is not surprising given the potential for under-reporting
in retrospective studies. Similarly, large, robust prospective
studies investigating endophthalmitis following cataract surgery1
found higher rates of endophthalmitis relative to smaller retrospective studies. Our estimate is however less common than the
retrospective studies, ﬁnding surprisingly high rates of
endophthalmitis during the introduction of TSV when such
surgery was relatively novel.8 10 11 This perhaps reﬂects evolution of a safer technique as the learning curve with TSV has
plateaued, such as ensuring conjunctival displacement prior to
TSV port insertion, construction of a stepped or oblique wound
and placement of suture if there is any concern of wound leak.
A very important negative ﬁnding of this study is that operating with TSV, relative to conventional 20G surgery, does not
increase the risk of endophthalmitis. Previous retrospective and
smaller studies have reported conﬂicting results regarding TSV
as a possible risk factor for endophthalmitis. Some of these
retrospective studies have found TSV to be a risk8 10 11 and
others have not found TSV to be a risk for endophthalmitis following PPV.3–7 9 Our prospective study is relatively robust and
we observed no increased risk of endophthalmitis following
PPV with TSV.
No cases in this study had clinically demonstrable hypotony
or wound leak on the ﬁrst postoperative day or at the time of
endophthalmitis diagnosis. This does not exclude subclinical
hypotony or wound leak occurring immediately postoperatively
which has previously been postulated to be a risk factor for
endophthalmitis with TSV, since human cadaveric eyes demonstrate that ocular surface ﬂuid is more likely to enter the vitreous cavity through TSV (23G or 25G) sclerotomies relative to
20G sutured sclerotomies.22 The rate of suturing one or more
ports in this study may appear surprisingly high (since 23G and
25G are typically considered ‘sutureless’) for cases and controls
(table 2). However, the suture rate in this study is not that dissimilar to the suture rate reported by the American Society of
Retina Specialists 2012 survey23 (approximately 40%) and that
reported by the UK BEAVRS 2012 survey24 (where approximately 40% of surgeons sutured at least one port for more than
25% of their cases). Our study found that suturing ports did
not affect the risk of endophthalmitis following PPV (table 3).
Immunosuppression increased the risk of endophthalmitis.
The three cases that were immunosuppressed had lymphoma,
inﬂammatory bowel disease requiring immunosuppression and
end stage renal failure. Diabetes mellitus was not found to be a
risk factor for endophthalmitis following PPV.
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Table 3 Previous studies estimating the incidence of endophthalmitis following pars plana vitrectomy
Study

Absolute number of cases of endophthalmitis

Incidence of endophthalmitis

Park et al, 2013 (this article)

28 per 48 433
(10 were 20G, 17 were 23G and 1 was 25G)

Wu et al3

1 per 4717 (25G)
3 per 10 845 (23G)
4 per 19 865 (20G)
1 per 789 (25G)
1 per 3362 (23G)
1 per 4403 (20G)
0 in 943 (23G)
1 in 3078 (20G)
1 per 1424 (25G)
0 per 1948 (20G)

1 in 1730
0.058%
(95% CI, 1 in 1263 to 1 in 2747)
1 in 4717; 0.021% (25G)
1 in 3615; 0.028% (23G)
1 in 4966; 0.020% (20G)
1 in 789; 0.127% (25G)
1 in 3362; 0.030% (23G)
1 in 4403; 0.023% (20G)
1 in 3078; 0.032% (20G)

Scott et al4

Parolini et al5
Hu et al6

Chen et al7

1 in 1424; 0.070% (25G)

1 per 431 (25G)
1 per 3046 (20G)
11 per 1307 (25G)
2 per 6375 (20G)
1 per 3343 (25G)
1 per 3592 (20G)
7 per 3103 (25G)
1 per 5498 (20 G)
2 per 129 (25G)
0 per 129 (20G)

1
1
1
1
1
1
1
1
1

Joondeph et al12

5 per 10 397

Eifrig et al13

6 per 15 326

Aaberg et al14

3 per 6557

Cohen et al15

18 cases; incidence based on 9 per 12 216

Ho and Tolentino16

4 per 2817

1 in 2080
0.048%
1 in 2554
0.039%
1 in 2186
0.046%
1 in 1357
0.074%
1 in 704
0.142%

Scott et al8
Shimada et al9
Kunimoto and Kaiser10
Shaikh et al11

in
in
in
in
in
in
in
in
in

431; 0.232% (25G)
3046; 0.033% (20G)
119; 0.840% (25G)
3188; 0.031% (20G)
3343; 0.030% (25G)
3592; 0.028% (20G)
443; 0.226% (25G)
5498; 0.018% (20G)
65; 1.538% (25G)

Vitrectomies were for 20G unless otherwise stated.

Preoperative topical steroids increased the risk of endophthalmitis. Subgroup analysis demonstrates this is an independent
risk factor and other potential confounding factors are not
responsible (such as recent surgery or uveitis which are common
causes for necessitating preoperative topical steroids). Topical
steroids in the short term do not increase conjunctival bacterial
ﬂora counts,25 but topical steroids do reduce the function of
leucocytes to oppose infection so we speculate that preoperative
topical steroids may locally immunocompromise the eye and
hence increase the risk of endophthalmitis.
PPV performed for retinal detachment was associated with a
reduced risk of endophthalmitis. PPV for retinal detachment
typically have an endotamponade whereas PPV for other indications are less likely to have an endotamponade (such as epiretinal membrane and vitreous haemorrhage). It has previously
been speculated that endotamponades may reduce the risk of
endophthalmitis by reducing hypotony and improving wound
integrity.6 This may explain why retinal detachment as an indication for PPV was associated with a reduced risk of
endophthalmitis.
In summary, the incidence of endophthalmitis following PPV
in the UK is rare. This study has provided a robust estimate for
the incidence of endophthalmitis following PPV, which surgeons
can use as a benchmark for their own practice and as information for patient consent. Surgeons and patients should be aware
that operating in patients who are immunocompromised or who
532

are taking preoperative topical steroids are at a higher risk of
endophthalmitis following PPV. Operating with smaller gauge
port sizes does not increase the risk of endophthalmitis.
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