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Background: Several new instruments and techniques for pars plana vitrectomy (PPV) have
been widely used in recent years, but information about the related characteristics of PPV in
China is limited. To investigate the trends in the characteristics of PPV in Eastern China, an
8-year retrospective study was conducted.
Patients and methods: We collected data from patients who underwent PPV at the Eye, Ear,
Nose and Throat Hospital of Fudan University, Shanghai, China, in November 2007, November
2011, and November 2015. Cases of trauma-related retinopathy were excluded. Data on the
patient demographics, surgical procedures, and the prophylactic use of IOP-lowering medications were collected and analyzed.
Results: In 2015, most PPVs were conducted with a 23-gauge system, whereas all PPVs in
2007 and 2011 were conducted with a 20-gauge system. The proportions of macular disease in
the population in 2007, 2011, and 2015 were 9.1%, 10.7%, and 21.5%, respectively (P0.001).
The proportion of PPV that was combined with lens extraction and intraocular lens (IOL)
implantation increased significantly from 12.81% in 2007 to 25.95% by 2015 (P0.001). The
proportions of patients treated with IOP-lowering drugs in 2007, 2011, and 2015 were 27.40%,
38.20%, and 12.60%, respectively (P0.001). In 2007, systemic carbonic anhydrase inhibitors
(CAI-Ss) and beta blockers (BBs) were the two main types of prophylactic IOP-lowering drugs
administered, but their use had decreased in 2015 (P0.001). The preventive use of adrenergic
agonists (AAs), topical carbonic anhydrase inhibitors (CAI-Ts), and prostaglandin analogs
(PGAs) became increasingly frequent from 2007 to 2015 (P0.05).
Conclusion: The 23-gauge system, rather than the 20-gauge system, had become the mainstream
PPV instrument by 2015. The proportion of macular disease patients requiring PPV in China
clearly increased, and the rate of prophylactic IOP-lowering drug use decreased by 2015.
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Pars plana vitrectomy (PPV) is the surgical technique most frequently used to treat
various retinal disorders. However, there is limited information on the demographic
characteristics of patients who undergo PPV in China. In recent years, many new
techniques and equipment for PPV have emerged and have been widely used in the
clinical setting. For example, 23-gauge (23G), 25G, and 27G vitrectomy systems have
been developed.1–3 Moreover, with advances in optical coherence tomography (OCT)
and the staining technology used for PPV,4 macular diseases are more easily recognized and treated than ever before. A vitreous injection of antibody directed against
vascular endothelial growth factor (VEGF) has been shown to be effective in treating
vessel-related retinal diseases. All these advances have affected the characteristics of
PPV procedures in the past several years.
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Ocular hypertension is a common complication of PPV.5
Our previous study showed that about 20% of the patients
with no history of glaucoma or ocular hypertension suffered
ocular hypertension during the 1-year follow-up period after
PPV,6 most in the first month after PPV.6 To reduce the
incidence of early-onset ocular hypertension and the damage it causes to the optic nerve and retina, some surgeons
prophylactically administer IOP-lowering drugs on postoperative day 1 after PPV in patients with a high risk of ocular
hypertension.7–9 In this study, we collected data on patients
who had undergone PPV at our hospital in November 2007,
November 2011, or November 2015 to investigate the trends
in the demographics of these patients, the procedures used
for PPV, and the prophylactic use of IOP-lowering medicines
from 2007 to 2015.

Patients and methods
This retrospective repeated cross-sectional study was
approved by the institutional ethics committee of the Eye, Ear,
Nose, and Throat Hospital of Fudan University, Shanghai,
China. All procedures were performed in accordance with
the ethical standards defined in the Declaration of Helsinki.
All patients provided their written informed consent for the
use of their medical data for research purposes.
These consecutive case series included 203 eyes in
203 patients, 279 eyes in 279 patients, and 343 eyes in
343 patients, who were hospitalized and underwent PPV
at our hospital in November 2007, November 2011, and
November 2015, respectively. The Eye, Ear, Nose, and Throat
Hospital of Fudan University performs the largest number of
PPV procedures than any other hospital in Eastern China.
The demographic information for each patient, including
age, sex, systemic medical history, and refractive status, was
recorded. In this study, the systemic medical history included
only systemic hypertension and diabetes mellitus, which have
high prevalence rates and are associated with retinopathy.
All systemic diseases were diagnosed by an internist before
PPV surgery was performed. IOP was measured 1 day
before the operation and recorded as the preoperative IOP.
The diagnoses were classified into rhegmatogenous retinal
detachment (RRD), macular diseases, proliferative diabetic
retinopathy (PDR), vitreous hemorrhage without PDR,
and others. Macular diseases included macular hole (MH),
macular schisis (MS), and epiretinal membrane (ERM).
Because some patients with trauma-related retinopathy
underwent PPV in the outpatient department of our hospital,
their data could not be collected. The demographic data of
hospitalized patients with trauma-related retinopathy were
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neither accurate nor reliable. Therefore, trauma-related retinal diseases were excluded from this study.
PPV was performed with a standard 20G, 23G, or 25G
three-port system under retrobulbar anesthesia or general
anesthesia in all patients. Filtered air, balanced salt solution
(BSS), 20% sulfur hexafluoride (SF6), 14% octafluoropropane (C3F8), or silicone oil was used as the tamponade
during vitrectomy. PPV was performed together with lens
extraction, intraocular lens (IOL) implantation, or scleral
buckling in some cases.
On postoperative day 1, all patients received topical
antibiotic and topical steroid treatments. To reduce the incidence of postoperative ocular hypertension, some patients
with a high risk of ocular hypertension were administered
IOP-lowering drugs on postoperative day 1 before their IOPs
were measured. This was defined as the prophylactic use of
IOP-lowering drugs. The IOP-lowering drugs are classified as beta blockers (BBs), prostaglandin analogs (PGAs),
adrenergic agonists (AAs), topical carbonic anhydrase inhibitors (CAI-Ts), or systemic carbonic anhydrase inhibitors
(CAI-Ss). Because only topical BBs are used as IOP-lowering
drugs at our hospital, “beta blockers” in this study refer to
topical BBs. Fixed combinations of drugs are categorized as
two single drugs given separately. Data on the preventive use
of glaucoma drugs were collected and analyzed.
All data were analyzed with the SPSS software (version
18.0; SPSS Inc., Chicago, IL, USA). Descriptive statistics,
including mean and SD, were calculated for all patient
characteristics. One-way ANOVA was used to compare
continuous variables, and Pearson’s chi-squared test was
used to compare categorical variables. P-values of 0.05
were regarded as statistically significant.

Results
A total of 203 , 279, and 343 patients underwent PPV at the
Eye, Ear, Nose, and Throat Hospital of Fudan University
in November 2007, November 2001, and November 2015,
respectively. The demographic characteristics of the three
groups of patients are summarized in Table 1. The patients’
age, preoperative IOPs, sex ratios, and the proportions of
patients with diabetes did not differ significantly among the
groups. The proportions of patients with high myopia ( -6
spherical diopters) in 2007, 2011, and 2015 were 12.5%,
28.6%, and 19.5%, respectively, which differed significantly
across the three groups (P0.001, Pearson’s chi-squared
test). The proportion of patients with high myopia was significantly higher in 2011 than in 2007 (P0.001, Pearson’s
chi-squared test), but was significantly lower in 2015 than in
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Table 1 Subject demographics and baseline characteristics of patients undergoing PPV
Total, N
Age (mean±SD, years)
Gender, n (%)
Male
Female
Refractive status, n (%)
-1 D
-1 D and -6 D
-6 D
Systemic medical history, n (%)
Diabetes
Hypertension
Preoperative IOP (mean±SD, mmHg)

2007

2011

2015

P-value

203
51.48±14.56

279
52.93±14.31

343
53.31±14.19

0.34a

99 (48.77)
104 (51.23)

153 (54.84)
126 (45.16)

164 (47.81)
179 (52.19)

0.19b

155 (76.35)
22 (10.84)
26 (12.81)

166 (59.50)
33 (11.83)
80 (28.67)

232 (67.64)
43 (12.54)
68 (19.83)

0.001b
0.84b
0.001b

35 (17.24)
23 (11.11)
12.88±5.57

60 (21.51)
66 (23.66)
13.30±5.82

56 (16.33)
71 (20.70)
13.32±4.30

0.23b
0.0020b
0.59a

Notes: aMean±SD; P-values assessed with one-way ANOVA. bPearson’s chi-squared test comparing number of subjects among all groups.
Abbreviation: PPV, pars plana vitrectomy.

2011 (P=0.01, Pearson’s chi-squared test). The proportions
of patients with hypertension in 2007, 2011, and 2015 were
11.1%, 23.6%, and 20.3%, which differed significantly across
the three groups (P=0.002, Pearson’s chi-squared test). The
proportions of patients with hypertension were significantly
higher in 2011 and 2015 than in 2007 (P=0.001 and P=0.005,
respectively, Pearson’s chi-squared test).
Surgery-related information is shown in Table 2. The
proportions of each of the five diagnoses were compared
across the three groups. The proportions of RRD, PDR,
vitreous hemorrhage without PDR, and other disorders did
not differ significantly in the three groups (P0.05, Pearson’s
chi-squared test), but the proportion of macular disease was

significantly higher in 2015 than in 2007 or 2011 (P0.001,
Pearson’s chi-squared test). This suggests that the number
of patients with macular disease requiring PPV increased
during the period of the study.
The vitrectomy system used changed greatly between
2007 and 2015. In 2007 and 2011, all PPVs were conducted
with the 20G vitrectomy system. However, in 2015, the
proportions of patients treated with the 20G, 23G, and 25G
PPV systems were 15.45%, 83.09%, and 1.46%, respectively
(P0.001, Pearson’s chi-squared test).
The combined surgical procedures with PPV are listed
in Table 2. There was almost no difference in the rate of
cataract extraction without IOL implantation among the

Table 2 Diagnoses and vitrectomy procedures
2007

2011

2015

P-valuea

Diagnosis, n (%)
Vitreous hemorrhageb
RRD
Macular disease

28 (13.79)
108 (53.20)
19 (9.36)

37 (13.26)
149 (53.41)
30 (10.75)

42 (12.24)
169 (49.27)
75 (21.87)

0.86
0.52
0.001

PDR
Othersc
20G vitrectomy system
23G vitrectomy system
25G vitrectomy system
Combined CE without IOL implantation, n (%)
Combined CE with IOL implantation, n (%)

30 (14.78)
18 (8.87)
203 (100)
0
0
36 (17.73)
26 (12.81)

38 (13.62)
25 (9.29)
279 (100)
0
0
53 (18.99)
35 (12.54)

31 (9.04)
26 (7.58)
53 (15.45)
285 (83.09)
5 (1.46)
62 (18.08)
89 (25.95)

0.08
0.79
0.001

Intraocular tamponade, n (%)
Balanced salt solution
Filtered air

36 (17.73)
15 (7.39)

40 (14.33)
12 (4.30)

48 (14.00)
53 (15.45)

0.46
0.001

88 (43.35)
64 (31.53)

136 (48.75)
91 (32.62)

133 (38.78)
109 (31.78)

0.044
0.96

Expanding gas
Silicone oil

0.93
0.001

Notes: aPearson’s chi-squared test comparing number of subjects among all groups. bVitreous hemorrhage without PDR, cincluding dislocation of the lens or IOL, uveitis,
acute retinal necrosis, tractional retinal detachment, silicone oil-filled eye, and vitreous opacities.
Abbreviations: CE, cataract extraction; IOL, intraocular lens; PDR, proliferative diabetic retinopathy; RRD, rhegmatogenous retinal detachment.
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Table 3 Sex ratios for different diagnoses
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RRD
VH
PDR
MH
ERM
MS
Others

Female, N

Male, N

F:M

192
54
50
36
35
9
33

234
53
49
18
22
4
36

0.82
1.02
1.02
2.00
1.59
2.25
0.92

Abbreviations: ERM, epiretinal membrane; F, female; M, male; MH, macular hole;
MS, macular schisis; PDR, proliferative diabetic retinopathy; RRD, rhegmatogenous
retinal detachment; VH, vitreous hemorrhage.

three groups (P=0.93). However, the proportions of patients
who underwent PPV combined with cataract extraction and
IOL implantation differed significantly across the groups,
and this proportion increased significantly from 12.81% in
2007 to 25.95% in 2015 (P0.001, Pearson’s chi-squared
test). Therefore, the proportion of patients treated with PPV
combined with cataract extraction and IOL implantation
increased with time.
In terms of the intraocular tamponade used, the proportions of patients given filtered air were 7.7%, 4.3%, and
15.8% in 2007, 2011, and 2015, respectively, and differed
significantly among the three groups (P0.001, Pearson’s
chi-squared test). The use of an expanding gas, such as
SF6 or C3F8, also differed significantly in the three groups
(P=0.044, Pearson’s chi-squared test). The rates of use of
other tamponades, including BSS and silicone oil, did not
differ significantly across the three groups.
The sex ratios among patients with different diagnoses
in the total population are shown in Table 3. The female-tomale ratio in patients with RRD was 0.82, whereas the ratios
in patients with MH, ERM, and MS were 2.00, 1.59, and
2.25, respectively. The ratio among patients with vitreous
hemorrhage without PDR was 1.02, and the ratio for patients
with PDR was 1.02.
The preventive use of IOP-lowering drugs is shown
in Table 4. The proportions of patients administered any

prophylactic IOP-lowering drug were 28.08%, 38.35%, and
12.83% in 2007, 2011, and 2015, respectively, which differed significantly in the three groups (P0.001, Pearson’s
chi-squared test) (Figure 1). The proportion of patients given
preventive drugs was significantly higher in 2011 than in
2007 (P=0.019, Pearson’s chi-squared test), but was lower in
2015 than in 2011 (P0.001, Pearson’s chi-squared test).
The types of drugs used prophylactically changed greatly
during the three groups investigated. As shown in Table 4
and Figure 2, the proportions of patients treated with BBs
and CAI-Ss in 2007 were 22.6% and 20.7%, respectively.
Together, BBs and CAI-Ss accounted for 91.93% of all
IOP-lowering drugs administered in 2007. However, the
proportions of patients treated with these two drugs decreased
to 7.4% and 0.6%, respectively, in 2015, and together they
accounted for only 25.48% of all IOP-lowering drugs administered. Significant differences were detected in the use of
BBs and CAI-Ss in the three groups (P0.001, Pearson’s
chi-squared test). However, the proportions of patients
treated prophylactically with AAs and CAI-Ts increased from
1.4% and 1.0%, respectively, in 2007 to 10.6% and 7.4%,
respectively, in 2015 (P0.001, Pearson’s chi-squared test).
The proportion of patients treated with PGA increased
significantly from 1.4% in 2007 to 5.4% in 2015 (P=0.047,
Pearson’s chi-squared test).

Discussion
This retrospective repeated cross-sectional study traced the
trends in the use of vitrectomy instruments and procedures,
patient characteristics, and the preventive use of IOPlowering drugs at our hospital from 2007 to 2015. Our data
show that the 23G system, rather than the 20G system, had
become the mainstream vitrectomy system by 2015. The
proportion of patients with macular disease requiring PPV
increased gradually. The proportions of patients undergoing
PPV combined with lens extraction and IOL implantation
increased continuously in 2015. The percentage of patients
treated prophylactically with IOP-lowering drugs declined

Table 4 Number of patients treated with preventive IOP-lowering drugs
Lowering IOP medicine, n (%)
Beta-blocker, n (%)
Prostaglandin analog, n (%)
Adrenergic agonist, n (%)
Topical carbonic anhydrase inhibitor, n (%)
Systemic carbonic anhydrase inhibitor, n (%)

2007

2011

2015

P-valuea

57 (28.08)
47 (23.15)
3 (1.47)
3 (1.47)
2 (0.99)
43 (21.18)

107 (38.35)
68 (24.37)
9 (3.23)
57 (20.43)
26 (9.32)
57 (20.43)

44 (12.83)
26 (7.58)
19 (5.54)
37 (10.79)
26 (7.58)
2 (0.58)

0.001
0.001
0.047
0.001
0.001
0.001

Note: aPearson’s chi-squared test comparing the number of subjects among all groups.
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Figure 1 Preventive use of IOP-lowering drugs in different years.
Notes: Proportions of patients treated with preventive IOP-lowering drugs in
2007, 2011, and 2015 were 28.08%, 38.35%, and 12.83%, respectively. The use of
preventive drugs increased significantly in 2011 relative to that in 2007 (*P=0.019,
Pearson’s chi-squared test), and the use of preventive drugs was very much lower in
2015 than in 2011 (†P0.001, Pearson’s chi-squared test).

from 28.08% in 2007 and 38.35% in 2011 to 12.83% in 2015.
The use of BBs and CAI-Ss decreased gradually between
2007 and 2015, whereas the preventive use of CAI-Ts, AAs,
and PGA gradually increased over the same period.

Percentage of all IOP-lowering drugs
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In recent years, with the development of more sophisticated instruments, PPV has gradually become less invasive
and more effective in treating various retinal disorders.1–3
As demonstrated in this study, the most frequently used
vitrectomy system changed from the 20G system to the 23G
system by 2015.
The main indication for PPV was RRD from 2007 to
2015, and accounted for 49.27%–53.20% of all patients,
which is consistent with the constituent ratios of RRD in
all PPV indications reported by other Chinese and UK
studies.10–13 In a Chinese study, RRD patients accounted for
about 40% of the PPV patients.11 In two UK studies, RRD
patients accounted for 48.5%–54.83%.12,13
The rate of macular disease changed greatly over these
8 years, increasing significantly from 9.36% in 2007 to
21.87% in 2015. A Singaporean study showed that Chinese
ethnicity entails a higher risk of ERM than Malay or Indian
ethnicity.14 Another study in the United States showed that
Asian-American enrollees had a 177% increased risk of
developing MH than the white participants.11 Therefore,
the Chinese population has a greater risk of both ERM and
MH. Older age is another important risk factor for ERM and
MH.14–19 China is one of the most rapidly aging societies in

P<0.001
P<0.001

P<0.001

P=0.001
P=0.047

Figure 2 Trends in the prophylactic use of individual IOP-lowering drugs after vitrectomy between 2007 and 2015.
Notes: The proportions of CAI-S and BB among all the IOP-lowering drugs used gradually decreased (P0.001, Pearson’s chi-squared test). The proportions of CAI-T, AA,
and PGA among all the IOP-lowering drugs used gradually increased (P=0.001, P0.001, and P=0.047, respectively; Pearson’s chi-squared test).
Abbreviations: AA, adrenergic agonist; BB, beta blocker; CAI-S, systemic carbonic anhydrase inhibitor; CAI-T, topical carbonic anhydrase inhibitor; PGA, prostaglandin
analog.
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the world, and the prevalence rate of ERM is estimated to
be 7.3%–11.43%.18,19 Moreover, with the adoption of the
23G system (a more refined vitrectomy system), and more
sophisticated OCT instruments and staining techniques,4
the prognosis for macular diseases treated with PPV has
improved in recent years. Therefore, more patients with
ERM and MH prefer PPV than conservative treatment,
which is another reason for the increase in the rate of macular
diseases treated with PPV. Our data for 2015 show that the
rates of MH and ERM were 10.2% and 9.33%, respectively,
which are very close to those reported in 2013 in the 8-year
United Kingdom National Ophthalmology Database Study,
which were 9.8% and 9.6%, respectively.13 This suggests
that our instrumentation, technique, and indications for
PPV have improved greatly in recent years and are similar
to the levels in developed countries. However, in another
study at a teaching hospital in a medium-sized city in China,
macular disease was not considered an indication for PPV
until 2014.11 Therefore, the PPV techniques used and the
indications applied differ greatly in different hospitals and
cities in China.
Being female is a reported risk factor for ERM and
MH.15,19 In this study, the OR of female sex for ERM was
1.59, which is consistent with that reported in another
Chinese study (OR 1.67).19 The female-to-male ratio was
also high in patients with MH or MS in this study, which is
consistent with the results of other research.15
The rate of PPV combined with lens extraction and IOL
implantation increased from 12.81% in 2007 to 25.95% in
2015, which differ significantly. Moreover, the proportion
of patients receiving filtered air as a tamponade increased
significantly in this 8-year period. As reported previously,
PPV for idiopathic ERM combined with lens surgery greatly
increases the patient’s visual quality.20 In this study, PPV
was usually performed for the treatment of macular diseases
with a combination of lens exaction and IOL implantation,
with filtered air used as the tamponade. The increased rate
of PPV combined with lens extraction and IOL implantation and the use of filtered air as tamponade resulted from
the increase in the proportion of macular diseases among
patients treated with PPV.
Ocular hypertension is a common complication of PPV.
Several studies have shown that the incidence of ocular
hypertension in vitrectomized eyes varies from 18% to
56%.21–24 In our previous study, we reported that about
20% of the patients who underwent PPV at our hospital
in November 2011 had no history of glaucoma or ocular
hypertension, but suffered ocular hypertension during the
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first postoperative year.6 Most ocular hypertension occurs in
the first month after PPV.6 Risk factors for ocular hypertension after PPV include a history of glaucoma, a history of
diabetes mellitus, scleral buckling procedures, lensectomy,
and the use of silicone oil or expanding gas.6
There is no guideline for the management of ocular hypertension after PPV. To reduce the incidence of early-onset
ocular hypertension and the damage it causes to the optic
nerve and retina, some surgeons prophylactically administer IOP-lowering drugs on postoperative day 1 after PPV
to patients with a high risk of ocular hypertension.7–9 This
study showed that the preventive use of glaucoma drugs has
decreased significantly in recent years. As previous studies
have shown, the 23G PPV system is less invasive than 20G
PPV, and the incidence of early-onset ocular hypertension in
patients treated with 23G PPV is lower than that in patients
treated with 20G PPV.2,3 Furthermore, macular disease
presents a lower risk of elevated IOP after PPV than other
vitreoretinal disorders.25,26 Therefore, the reduced use of
IOP-lowering drugs might be the result of more refined PPV
instruments and procedures and the increase in the proportion of patients with macular diseases. Another reason is that
increasing numbers of surgeons prefer to control IOP after
it has occurred rather than preventing it with antiglaucoma
drugs, because these drugs can have adverse effects. Because
there are no data on the incidence of ocular hypertension
in November 2007 or November 2015, the relationship
between the prophylactic use of IOP-lowering drugs and
the incidence of ocular hypertension was difficult to assess
in this study. However, this question requires investigation
in future studies.
All types of IOP-lowering medications are recommended
to treat early-onset ocular hypertension, except PGAs. This
study showed that the prophylactic use of IOP-lowering
drugs changed markedly in the 8 years of the study. The most
obvious change was the reduction in the prophylactic use of
CAI-Ss, which decreased from 21.18% to 0.58%. In recent
years, there have been several case reports of severe complications associated with acetazolamide and methazolamide,
including Stevens–Johnson syndrome (SJS), toxic epidermal
necrolysis (TEN), and death in some patients.27–29 The case
reports of methazolamide-induced SJS and TEN were initially limited to patients of Japanese and Korean descent.27–29
However, in 2015, Chinese researchers reported cases of
methazolamide-induced SJS/TEN in China and found that
they were strongly associated with HLA-B*59:01.30,31 Therefore, systemic anhydrase inhibitors can cause severe complications, especially in the eastern-Asian population, and
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when this came to the notice of doctors, they were gradually
abandoned as antiglaucoma medications in China. In this
study, the prophylactic use of CAI-Ss decreased greatly.
However, there have been no similar case reports of complications caused by CAI-Ts. Consequently, the preventive
use of CAI-Ts increased significantly from 0.99% in 2007
to 7.58% in 2015.
PGA entails a potential risk of increasing inflammation
and the development of cystoid macular edema.32–34 However,
PGA is still effective and safe for the treatment of elevated
IOP in patients with uveitis,35,36 but whether it can be used
to control IOP in inflamed eyes is still contentious.37–39 The
preventive use of PGA in patients who had undergone PPV
increased significantly in the 8 years of this study. This suggests that although PGA is used less frequently than other
topical IOP-lowering drugs, increasing numbers of surgeons
consider that PGA can be used to treat ocular hypertension
after PPV.

Conclusion
The 23G vitrectomy system had become the mainstream PPV
system by 2015. The proportion of patients with macular
diseases undergoing PPV has tended to increase in China
in recent years. The prophylactic use of antiglaucoma drugs
after PPV has decreased significantly. However, there is
no guideline for the preventive use of glaucoma drugs, and
further clinical research is required to supply such evidence
in the future.
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