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Abstract

Purpose To compare the outcomes of 23-gauge (G) and
25G vitrectomy to 20G vitrectomy on eyes with severe
proliferative diabetic retinopathy (PDR).

Methods The medical records of 424 eyes of 347 patients
with severe PDR were reviewed. There were 80 eyes that
had 23G, 174 eyes that had 25G, and 170 eyes that had 20G
vitrectomy. The incidences of postoperative vitreous
hemorrhage, intraoperative retinal breaks, retinal detach-
ment, and neovascular glaucoma were compared.

Results The incidence of intraoperative retinal breaks
was significantly lower in the 23G group (21 %) than in the
20G group (35 %, P = 0.03) but not in the 25G group
(26 %, P = 0.057). The incidence of postoperative retinal
detachment was not significantly different among the three
groups (P = 0.73). The incidence of postoperative vitreous
hemorrhage that developed >1 month after vitrectomy was
not different whether the eyes had panretinal photocoagu-
lation or not (P = 0.15). The incidence of postoperative
neovascular glaucoma was significantly lower in the 25G
group (3 %) than in the 20G group (11 %, P = 0.01) but
not significant compared with that in the 23G group (8 %,
P = 0.72).

Conclusion The lower incidence of intraoperative retinal
breaks and postoperative neovascular glaucoma after
microincision vitrectomy indicates that microincision vit-
rectomy should be considered for eyes with severe PDR.
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Introduction

Proliferative diabetic retinopathy (PDR) is a vision-
threatening disease [1, 2]. The incidence of diabetic
retinopathy increases with increasing duration of diabetes,
and nearly all patients with type 1 and more than 60 % with
type 2 diabetes develop some signs of retinopathy after
20 years [3]. Pars plana vitrectomy (PPV) has been shown
to relieve vitreoretinal traction, remove vitreal opacities,
and stabilize the proliferative processes [4—10]. Vitreous
hemorrhage, severe fibrovascular proliferation with trac-
tional retinal detachment (RD), and tractional rheg-
matogenous RDs that affect the macula are classic
indications for PPV [7-9].

Microincision vitrectomy surgery (MIVS) with 25-gauge
(G) and 23G instruments requires no scleral suturing, which
leads to less surgical trauma to the conjunctiva and no
postoperative suture-related astigmatism. MIVS also redu-
ces sclerotomy-related retinal breaks compared to conven-
tional 20G vitrectomy [11-13]. MIVS allows a faster
recovery of the postoperative visual acuity and fewer intra-
operative retinal breaks, and it appears to be as effective as
conventional 20G vitrectomy for PDR [14-19].

One severe postoperative complication of PPV for PDR
is neovascular glaucoma, and transconjunctival sutureless
surgery has the advantages of minimal conjunctival inci-
sions and maintenance of untouched conjunctiva for glau-
coma filtering surgery if needed.

The purpose of this study was to compare the effects of
20G vitrectomy to that of 23G and 25G vitrectomy in PDR
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patients. To accomplish this, we examined the medical
records of patients who had undergone 20G, 23G, and 25G
vitrectomy to determine whether MIVS significantly
improved the visual outcomes and reduced the incidence of
intraoperative and postoperative complications.

Materials and methods
Patients

We reviewed the medical records of patients with severe
PDR who had undergone primary vitrectomy at the Kyorin
Eye Center from September 2007 to January 2011. One
hundred seventy eyes of 138 patients had 20G vitectomy
(1500 cut per min; cpm), 80 eyes of 66 patients had 23G
vitrectomy (2500 cpm), and 174 eyes of 143 patients had
25G vitectomy (1500 or 2500 cpm). All surgeries were
performed with the Accurus® Surgical System (Alcon
Laboratories, Inc., Fort Worth, TX, USA).

All the patients received a detailed explanation of the
surgical and ophthalmic examinations and provided
informed consent. The procedures adhered to the tenets of
the Declaration of Helsinki. The study protocol was
approved by the Institutional Review Committee of the
Kyorin University School of Medicine, and all the patients
consented to our review of their medical records. This
clinical study was registered at the United States National
Institutes of Health (http://www.clinicaltirals.gov) as
“Comparison of Small-gauge Vitrectomy and Conven-
tional Vitrectomy for Proliferative Diabetic Retinopathy”
(reference no. NCT01758757).

The inclusion criteria were patients who had persistent
vitreous hemorrhage, fibrovascular proliferation affecting
the macula, or tractional RD and who had a follow-up for
more than 6 months. Eyes that underwent vitrectomy for
diabetic macular edema were excluded. The average post-
operative follow-up period was 18.5 + 10.7 (mean £ SD)
months in the 20G group, 19.9 & 10.1 months in the 23G
group, and 13.8 &+ 10.4 months in the 25G group. The
surgeries were performed by 11 vitreoretinal specialists with
comparable surgical skills and experiences (each with >500
vitrectomy cases) at the Kyorin Eye Center.

During the vitrectomy, all cataractous lenses were
removed, and the lenses of all patients >55 years old were
removed [20]. The lenses were removed by phacoemulsi-
fication with an implantation of an intraocular lens. Tri-
amcinolone acetonide (MaQaid®, Wakamoto
Pharmaceutical Co., Ltd., Tokyo, Japan, or Kenacort-A®,
Bristol Pharmaceuticals KK, Tokyo, Japan) was injected
intravitreally to make the vitreous cortex and internal
limiting membrane (ILM) more visible. Wherever a

posterior vitreous detachment was not present, core vit-
rectomy was performed, then the fibrovascular membrane
was dissected with either vitreous cutters or scissors. All
patients underwent peripheral vitreous dissection with
scleral indentation and endophotocoagulation up to the ora
serrata when necessary. The scleral incisions were sutured
with 7-0 vicryl (polyglactin 910) after 20G vitrectomy and
also after 23G and 25G vitrectomy when leakage from the
scleral incisions was found.

Evaluation of preoperative factors
and postoperative complications

All patients had a comprehensive ophthalmologic exami-
nation both before and after surgery. The examinations
included measurements of the best corrected visual acuity
(BCVA), binocular indirect ophthalmoscopy, non-contact
lens slit-lamp biomicroscopy, and fundus photography. The
medical records of patients were reviewed, and the pre-
operative data evaluated were the age, preoperative BCVA,
presence of tractional RD, tractional RD combined with
rhegmatogenous RD, tractional RD associated with mac-
ular detachment, vitreous hemorrhage, neovascular glau-
coma (presence of rubeosis iridis and angle
neovascularization), preoperative panretinal photocoagu-
lation, preoperative injection of intravitreal bevacizumab
(1.25 mg, F. Hoffmann-La Roche Ltd., Zurich, Switzer-
land), and status of the lens. The intraoperative data
reviewed in the combined cataract and vitreous surgery
cases were the intraoperative use of scissors, use of
bimanual operation, use of liquid perfluorocarbon, gas, or
silicone oil tamponade, and intraoperative iatrogenic reti-
nal tears. The postoperative data were reviewed for retinal
breaks related to the scleral incisions, postoperative RD,
RD that could not be reattached, postoperative vitreous
hemorrhage developing after 1 month, newly developed
postoperative neovascular glaucoma, revision of vitrec-
tomy to wash out postoperative persistent vitreous hem-
orrhage, presence of neovascularization of the scleral
wounds, which was detected at the revision of vitrectomy
for postoperative vitreous hemorrhage, and BCVA at the
final visit.

Statistical analyses

The statistical analyses were performed with one-way
analysis of variance and the Kruskal-Wallis test. In addi-
tion, the Tukey-Kramer and Steel-Dwass tests were used as
post hoc tests. A P value <0.05 was considered significant.
The decimal BCVA was converted to the logarithm of the
minimum angle of resolution (logMAR) units, which was
used for the statistical analyses.
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Results
Baseline and demographic data

The mean age was 54.6 + 11.8 years (range 31-88 years)
in the 20G group, 50.6 £ 12.8 years (range 24-80 years)
in the 23G group, and 56.5 &+ 12.7 years (range
24-85 years) in the 25G group (Table 1). The differences
in the ages among the three groups were significant
(P = 0.002). The differences in the preoperative BCVA,
preoperative panretinal photocoagulation, status of the
lens, and severity of PDR, presence of tractional RD,
presence of tractional RD with rhegmatogenous RD,
presence of tractional RD with macular detachment, pres-
ence of vitreous hemorrhage, and presence of neovascular
glaucoma were not significant.

Surgical results and intraoperative complications

The incidence of lens-sparing surgery was significantly
lower in the 20G group (P = 0.0001) than in the 23G and
25G groups (P = 0.0083, Table 2). The cases with com-
bined cataract surgery with IOL implantation were more
frequent in the 20G group (P = 0.0007) than in the 23G
and 25G groups (P = 0.018). Intraoperative iatrogenic
retinal breaks occurred in 60 eyes (35 %) in the 20G group,
17 eyes (21 %) in the 23G group, and 45 eyes (26 %) in the
25G group. The incidence of intraoperative iatrogenic
retinal breaks was significantly lower in the 23G group
than in the 20G group (P = 0.024), but not in the 25G
group (P = 0.054). The use of scissors and the bimanual
technique was not significantly different among the three

groups (P = 0.06, P = 0.46), but the use of scissors in the
25G group tended to be lower than in the 20G group.
Perfluorocarbon liquid was used more often in the 20G
group than in the 25G group (P = 0.04). The use of gas or
silicone oil tamponade in the three groups was not signif-
icantly different (P = 0.36). The sclerotomy sites were
sutured in all 170 eyes (100 %) of the 20G group, 26 of 80
eyes (33 %) of the 23G group, and 8 of 174 eyes (5 %) of
the 25G group (P < 0.0001, Table 2; Fig. 1).

Postoperative status and complications

The BCVA at the final visit was not significantly different
among the three groups (P = 0.70, Table 3). The incidence of
retinal breaks related to sclerotomies was not significantly
different among the three groups (P = 0.13), but the incidence
in the 23G group (1 %) and the 25G group (0 %) tended to be
lower than that in the 20G group (2 %). The incidence of
postoperative RD was not significantly different among the
three groups (P = 0.73). The incidence of postoperative vit-
reous hemorrhage developing more than 1 month after vitrec-
tomy was not significantly different among the three groups
(P = 0.15), but the cases of neovascularization related to
sclerotomy that were detected during the revision of vitrectomy
to remove postoperative persistent vitreous hemorrhage after
the wash out tended to be lower in the 23G group (0 %) and
25G group (13 %) than in the 20G group (40 %, P = 0.11).
Postoperative neovascular glaucoma, which was not
present preoperatively, developed in 18 eyes (11 %) in the
20G group, in 6 eyes (8 %) in the 23G group, and in 5 eyes
(3 %) in the 25G group (P = 0.02, Kruskal-Wallis test).
The incidence of postoperative neovascular glaucoma in

Table 1 Baseline of the

characteristics of the subjects Group 206 236 256 P value

Eyes 170 80 174

Age 54.6% 50.6% %% 56.5%* 0.002"
Preop logMAR BCVA 1.55 153 1.51 0.93"
Tractional RD 79 (46 %) 43 (54 %) 77 (44 %) 0.57*
Rhegmatogenous RD 23 (14 %) 10 (13 %) 22 (13 %) 0.96*
Macular detachment” 33 (37 %) 19 (43 %) 39 (47 %) 0.38*
Preop NVG 9 (5 %) 34 %) 42 %) 0.354
VH 126 (74 %) 60 (75 %) 118 (69 %) 0.33%
No preop PRP 37 (22 %) 17 21 %) 46 (26 %) 0.51%
Phakia/IOL 153/17 72/8 146/28 0.18*

Preop preoperative, RD retinal detachment, NVG neovascular glaucoma, VH vitreous hemorrhage, PRP
panretinal photocoagulation, /OL intraocular lens

T One-way analysis of variance
¥ Kruskal-Wallis test
* P = 0.04 (Tukey-Kramer test)

** P = 0.001 (Tukey-Kramer test)

# Macular detachment among eyes with retinal detachment
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Table 2 Surgical procedures

and intraoperative Group 20G 23G 25G P value®
complications Eyes 170 30 174
Lens-sparing Vitrectomy## 41 27 %)** 40 (56 %)** 63 (43 %)** <0.001
Combined cataract surgery with IOL 102 (60 %)*** 28 (35 %)** 79 (45 %)* <0.001
Use of scissors 52 (31 %) 23 (30 %) 35 (20 %) 0.06
Use of bimanual technique 13 (8 %) 10 (12 %) 16 (9 %) 0.46
ITatrogenic break 60 (35 %) 17 21 %) 45 (26 %) 0.04
PFCL 12 (7 %)* 2 (3 %) 32 %)t 0.03
Gas or silicone oil tamponade 75 (44 %) 34 (43 %) 64 (37 %) 0.36
Eyes with sutured sclerotomies 170 (100 %)** 26 (33 %)** 8 (5 %)** <0.0001
IOL intraocular lens, PFCL perfluorocarbon liquid
# Kruskal-Wallis test
* P <0.05
** P < 0.01
" P=002
¥ P = 0.04 (Steel-Dwass test)
o Among eyes with preoperative phakic eyes
neovascular glaucoma, postoperative neovascular glau-
s coma developed after the intravitreal bevacizumab injec-
100% tion for severe proliferation in four eyes in the 20G group,

80%
BNVG

60% @ suture

40%

20%

0%

20G 23G 25G

Fig. 1 The incidence of postoperative neovascular glaucoma and
eyes with sutured sclerotomies. The lower incidences of sutured
sclerotomies with smaller incision are most likely the reason for lower
incidence of postoperative neovascular glaucoma. NVG neovascular
glaucoma, suture eyes with sutured sclerotomies, P value is evaluated
with Steel-Dwass test. *P < 0.01, **P = 0.01

the 25G group was significantly lower than that in the 20G
group (P = 0.01, Steel-Dwass test) but not than that in the
23G group (6 eyes; 8 %, P = 0.72). The incidence of
postoperative neovascular glaucoma was significantly
higher in eyes with sutured sclerotomies (19 of 204 eyes;
9.3 %) than in those without sutures (10 of 220 eyes;
4.5 %, P = 0.040, Fisher’s exact probability test). A pre-
operative injection of intravitreal bevacizumab was per-
formed in 11 eyes in the 20G group, 2 eyes in the 23G
group, and none of the eyes in the 25G group (P = 0.002,
Kruskal-Wallis test). Among the eyes without preoperative

one eye in the 23G group, and none of the eyes in the 25G
group (P = 0.13, Kruskal-Wallis, test). These findings
indicate that the use of antivascular endothelial growth
factor (VEGF) may not affect the development of postop-
erative neovascular glaucoma.

The preoperative factors in eyes with intraoperative
iatrogenic retinal breaks and postoperative late vitreous
hemorrhage are shown in Tables 4 and 5. The presence of
tractional RD, vitreous hemorrhage, and panretinal photo-
coagulation, which might have affected the incidence of
intraoperative iatrogenic breaks, was not significantly dif-
ferent among the three groups. However, the incidence of
iatrogenic breaks in the 23G and 25G groups tended to be
lower than in the 20G group. The incidence of postopera-
tive late vitreous hemorrhage was also not significantly
different among the three groups whether the eyes had
tractional RD, panretinal photocoagulation, lens-sparing
vitrectomy, or pseudophakia. However, the incidence of
postoperative late vitreous hemorrhage in the eyes that had
preoperative complete panretinal photocoagulation tended
to be lower in the 25G group (13 %; 6/48 eyes) than in the
20G group (29 %; 27/93 eyes).

Discussion

The postoperative complications associated with PPV
performed for severe PDR include vitreous hemorrhage,
fibrovascular ingrowth, anterior hyaloid fibrovascular pro-
liferation, retinal breaks, and RDs [21, 22]. Fibrous
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Table 3 Postoperative outcome and complications

Group 20G 23G 25G P value
Eyes 170 80 174
Postop BCVA at the final visit (logMAR) 0.63 0.59 0.56 0.70°
Retinal breaks related to the scleral wounds 4 (2 %) 1 (1 %) 0 (0 %) 0.13*
Postop RD 7 (4 %) 2 (3 %) 8 (5 %) 0.73%
Eyes without reattachment (included SO filled eye) 3 1 4 0.96*
Postoperative VH developed more than 1 month after vitrectomy 40 (24 %) 23 (29 %) 32 (18 %) 0.15%
Revision of vitrectomy to remove postoperative VH 15 (9 %) 6 (8 %) 8 (5 %) 0.29%
Neovascularization at the sclerotomy wounds** 6 (40 %) 0 (0 %) 1 (13 %) 0.11*
Postop NVG 18 (11 %)* 6 (8 %) 5 (3 %)* 0.02%
BCVA best corrected visual acuity, RD retinal detachment, SO silicone oil, VH vitreous hemorrhage, NVG neovascular glaucoma
T One-way analysis of variance
 Kruskal-Wallis test
* P = 0.01 (Steel-Dwass test)
** ]dentified during vitrectomy to remove postoperative VH
:;ezlivihﬁi?gg;z;‘;fi’vi‘at“s M Group 20G 23G 25G P value®
iatrogenic retinal breaks TRD w/wo RRD 46/90 (51 %) 17/44 (39 %) 36/83 (43 %) 0.35
VH 38/126 (30 %) 13/60 (22 %) 24/118 (20 %) 0.17
PRP 20/37 (54 %) 14/17 (82 %) 35/46 (76 %) 0.13

TRD tractional retinal detachment, RRD rhegmatogenous retinal detachment, w/wo with or without, VH
vitreous hemorrhage, PRP panretinal photocoagulation

* Kruskal-Wallis test

Table 5 Preoperative status of
eyes with postoperative vitreous

hemorrhage developing more
than 1 month after surgery

Group 23G 25G P value*
TRD w/wo RRD 25/90 (28 %) 14/44 (32 %) 15/83 (18 %) 0.17
PRP not performed 3/37 (8 %) 3/17 (18 %) 7146 (15 %) 0.52
Preop complete PRP 27/93 (29 %) 13/40 (31 %) 6/48 (13 %) 0.05
Preop incomplete PRP 10/40 (25 %) 7123 (30 %) 19/80 (24 %) 0.81
Phakic lens preservation 12/41 (29 %) 10/40 (25 %) 17/63 (27 %) 0.91
Preop IOL 2/17 (12 %) 0/8 (0 %) 1728 (4 %) 0.44

TRD tractional retinal detachment, RRD rhegmatogenous retinal detachment, PRP panretinal photocoag-

ulation, /OL intraocular lens
* Kruskal-Wallis test

ingrowth may occur soon or at a later time after the vit-
rectomy and may be self-limiting [21]. However, fibro-
plasia at the screlotomy sites with scarring within the
vitreous base may contribute to the development of anterior
hyaloid fibrovascular proliferation [22]. Lee and associates
[23] report that the early postoperative occurrence of vit-
reous hemorrhage after 25G vitrectomy for PDR was found
in 45.2 % of the patients but it did not affect the early
visual recovery.

A late postoperative vitreous hemorrhage that developed
at an average of 9 weeks is reported to be caused by

@ Springer

fibrovascular proliferation around the sclerotomy sites
created during the initial PPV [24]. The proliferative
membranes were histologically similar to the fibrovascular
proliferation seen in the ischemic retina in eyes with PDR.
The membranes expanded from the residual vitreous
incarcerated in the sclerotomies of 20G vitrectomy [24].
Thus, we evaluated the incidence of late postoperative
vitreous hemorrhage that developed more than 1 month
after surgery.

A significant correlation has been found between the
severity of the postoperative vitreous hemorrhage and the
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presence of neovascularization at the entry site detected by
high-resolution anterior segment ultrasonography 2 months
after conventional vitrectomy for PDR [25]. In the first year
of follow-up, all patients requiring revision vitrectomy for
postoperative vitreous hemorrhage had a trapezoidal image
in the anterior segment ultrasonograms indicating the most
severe grade of neovascularization at the entry site. Bhende
and associates [26] report that more extensive surgery for
vitreous hemorrhage after vitrectomy for PDR was required
in eyes with fibrovascular proliferation at the sclerotomy site
detected by ultrasound biomicroscopy. Hershberger and
associates [27] report that the presence of fibrovascular
ingrowth was correlated with the development of recurrent
postoperative vitreous hemorrhage after conventional vit-
rectomy for PDR. Anterior peripheral retinal cryotherapy
combined with cryotherapy of the sclerotomy sites appeared
to be helpful adjunct procedures in eyes with PDR to inhibit
fibrovascular ingrowth and prevent recurrent vitreous hem-
orrhage [28, 29]. The treatment of the inner sclerotomy site
with either cryopexy or an argon laser at the completion of
surgery is reported to be more effective in reducing recurrent
late postoperative vitreous hemorrhage than without the
inner screlotomy treatment [30, 31].

We assumed that smaller incisions may reduce neo-
vascularization at the sclerotomies and reduce the inci-
dence of postoperative late vitreous hemorrhage. However,
the incidence of postoperative vitreous hemorrhage and
neovascularization at the scleral wounds was not signifi-
cantly different between the smaller and conventional
incisions, and even the incidence of neovascularization at
the sclerotomies after MIVS was lower than that after
conventional vitrectomy. The incidence of late postopera-
tive vitreous hemorrhage appeared to be lower in the 25G
group when preoperative panretinal photocoagulation was
performed although no significant difference was found in
the eyes that had preoperative panretinal photocoagulation.
Late postoperative vitreous hemorrhage is reported to be
caused mostly by neovascularization at the screlotomies
[24]. When preoperative panrertinal photocoagulation was
performed and the activity of neovascularization in the eye
was controlled, MIVS was more beneficial in avoiding
postoperative vitreous hemorrhage.

A significant amount of vitreous incarceration that
blocked the inner lip of the screlotomies was seen with an
endoscope after 25G and 23G vitrectomy for vitreous
hemorrhage [32]. However, the increased vitreous incar-
ceration was not significantly associated with an increased
risk of complications [32]. Our results indicate that MIVS
is as effective as conventional vitrectomy in the visual
outcome in eyes with PDR, and the incidence of iatrogenic
retinal breaks in the 23G group with 2500 cpm was less
than that in the 20G group with 1500 cpm. The higher
cutting rate of a vitreous cutter may reduce the incidence of

iatrogenic breaks and may be the reason why the incidence
of iatrogenic breaks in the 25G group at 1500 and
2500 cpm was not significantly lower. Issa and associates
[33] report that the incidence of iatrogenic retinal breaks
during vitrectomy for PDR was not significantly different
between the 20G and 23G group, and the incidence of
iatrogenic retinal breaks around the vascular arcade was
significantly lower in the 23G group. These findings sug-
gest that MIVS can reduce the incidence of iatrogenic
retinal breaks when proliferative membranes within the
vascular arcade are removed. The incidence of retinal
breaks related to the screlotomies was not significant but
the incidence tended to be lower in the 25G and 23G
groups. The cannula system used for MIVS reduced the
incidence of retinal breaks related to the sclerotomies by
reducing the incarcerated vitreous to the sclerotomy
wounds [13].

Our results show that the incidence of postoperative
neovascular glaucoma was significantly lower in the 25G
group than in the 20G group even though none of the eyes
in the 25G group had preoperative anti-VEGF injection. A
lower incidence of neovascular glaucoma was also found in
the combined cataract surgery with 25G vitrectomy,
probably because the removal of the lens allowed more
intensive intraoperative peripheral endophotocoagulation.
Our results also show that the sclerotomy closures with
absorbable sutures may increase the incidence of postop-
erative neovascular glaucoma.

This study has several limitations. This was a retro-
spective, nonrandomized study conducted in a single aca-
demic hospital, and the number of patients in each group
was small and different among the groups. In addition, the
selection of gauge sizes of vitrectomy may depend on the
preference of the surgeons and the general trend toward a
particular gauge size of vitrectomy for PDR at the time of
the surgery during the 5-year period of the study. Systemic
conditions including circulating levels of glycosylated
hemoglobin (HbA1c), history of hypertension at the time of
surgery, and use of a wide-angle viewing system were not
compared among the three groups. Therefore, further
studies with larger and equal sample sizes are needed to
confirm these results.

In conclusion, MIVS has advantages over 20G vitrec-
tomy including a reduction of postoperative complications
in eyes with PDR, a reduction of iatrogenic retinal breaks
when proliferative membranes are dissected, and a reduc-
tion of retinal breaks related to the sclerotomy. In addition,
a reduction of the postoperative neovascular glaucoma and
preservation of untouched conjunctiva is also an advantage
of MIVS for PDR.
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