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Abstract

Purpose

To assess and compare safety and effectiveness between 23-gauge and 25-gauge vitrec-

tomy systems for the treatment of common vitreoretinal diseases in non-vitrectomized eyes.

Methods

Retrospective evaluation of patients who underwent pars plana vitrectomy from April 2018

to December 2019 at the Department of Ophthalmology and Optometry at the Medical Uni-

versity of Vienna (MUV) for the following indications: macular epiretinal membrane, macular

hole, macular lamellar hole, vitreous hemorrhage, vitreous opacities, vitreomacular traction

syndrome and macular edema.

Results

201 eyes of 195 patients that underwent 23-gauge (n = 105 eyes) or 25-gauge (n = 96 eyes)

vitrectomy were included in this study. The mean best-corrected visual acuity (BCVA)

improved at 1–3 months postoperatively and beyond 3 months in both gauge groups. Risk

of any complication within 1 month postoperatively was lower in the 25-gauge group, but the

difference was statistically not significant (HR [95% CI]: 0.95 [0.53; 1.70], p = 0.85). Intraoc-

ular pressure less than 5 mmHg was observed in 2 eyes (2%) in the 23-gauge group at the

first postoperative day. Intraocular pressure elevation over 25 mmHg occurred in 5 eyes (2

eyes, 2%, in 23-gauge and 3 eyes, 3%, in 25-gauge group) at postoperative day 1, between

7 and 28 days in 5 cases (2 eyes, 2%, in 23-gauge and 3 eyes, 3%, in 25-gauge group), and

in 2 eyes (2%) of the 23-gauge group at postoperative day 145 and 61, respectively. Retinal

detachment occurred in 1 eye (1%) in the 23-gauge and in 3 eyes (3%) in the 25-gauge

group. We did not observe any cases of endophthalmitis.

PLOS ONE

PLOS ONE | https://doi.org/10.1371/journal.pone.0248164 March 5, 2021 1 / 12

a1111111111

a1111111111

a1111111111

a1111111111

a1111111111

OPEN ACCESS

Citation: Sedova A, Steiner I, Matzenberger RP,

Georgopoulos M, Scholda C, Kriechbaum KF, et al.

(2021) Comparison of safety and effectiveness

between 23-gauge and 25-gauge vitrectomy

surgery in common vitreoretinal diseases. PLoS

ONE 16(3): e0248164. https://doi.org/10.1371/

journal.pone.0248164

Editor: Michael Mimouni, University of Toronto,

CANADA

Received: December 7, 2020

Accepted: February 20, 2021

Published: March 5, 2021

Copyright: © 2021 Sedova et al. This is an open

access article distributed under the terms of the

Creative Commons Attribution License, which

permits unrestricted use, distribution, and

reproduction in any medium, provided the original

author and source are credited.

Data Availability Statement: Due to the fact, that

the ethics vote for this study does not allow

sharing data publicly and is not in accordance with

applicable laws (in specific the DSGVO law,

Datenschutz-Grundverordnung), the data is

available upon request, meaning that the ethics

committee of the Medical University of Vienna

grants access to the data upon presentation of a

specific research question. To access the data,

please contact andreas.pollreisz@meduniwien.ac.at

in order to guide submission of a data-access-

https://orcid.org/0000-0003-3902-239X
https://doi.org/10.1371/journal.pone.0248164
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0248164&domain=pdf&date_stamp=2021-03-05
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0248164&domain=pdf&date_stamp=2021-03-05
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0248164&domain=pdf&date_stamp=2021-03-05
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0248164&domain=pdf&date_stamp=2021-03-05
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0248164&domain=pdf&date_stamp=2021-03-05
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0248164&domain=pdf&date_stamp=2021-03-05
https://doi.org/10.1371/journal.pone.0248164
https://doi.org/10.1371/journal.pone.0248164
http://creativecommons.org/licenses/by/4.0/
mailto:andreas.pollreisz@meduniwien.ac.at


Conclusion

Results in terms of safety, surgical success and visual outcomes for the treatment of com-

mon vitreoretinal surgery indications seem to be comparable between 23-gauge and 25-

gauge vitrectomy systems, indicating that the two gauge systems can be used equally in the

clinical routine.

Introduction

Pars plana vitrectomy was developed by Robert Machemer in 1970 with the first vitrectomy

devices consisting of a blunt hypodermic needle (17-gauge, 1.5mm) with a drill tip connected to

a micromotor, which allowed aspiration, grasping and cutting of the vitreous [1–3]. In 1974, a

new design for vitreous instruments was proposed by Conor O´Malley and Ralph Heintz result-

ing in 20-gauge (0.9mm) instruments with separate entries for vitreous cutter, infusion and illu-

mination [4, 5]. This new approach required closure of sclerotomy sites with sutures after

removal of the ports and proved to be successful [4, 5]. In 2002, Gildo Fujii et al. developed a

25-gauge (0.55mm) transconjunctival vitrectomy system [6]. A major disadvantage of the first

25-gauge instruments was the flexible instruments, which made surgery procedures more chal-

lenging. In 2005, Claus Eckardt introduced 23-gauge (0.72mm) sutureless vitrectomy instru-

ments that, compared to the ones from Fujii et al., offer more stability due to their larger

physical size [7]. The overall advantages of smaller vitrectomy systems are less risk for intrao-

perative and postoperative complications, increased postsurgical patient comfort and faster

recovery times due to less traumatic intraocular access through smaller sclerotomies [6, 8].

Initially due to increased flexibility associated with smaller gauge instrumentation surgical

indications were limited to cases not requiring extensive vitrectomy (e.g., peripheral retinal

detachment) or complex epi- or subretinal membrane removal in the presence of proliferative

vitreoretinopathy and included macular epiretinal membrane, macular hole, vitreomacular

traction syndrome, or vitreous opacities [9–13].

In the last decades numerous technical improvements of 25-gauge instrumentation were

implemented, which enhanced instrument rigidity, increased vitreous cutting rate and bright-

ness of light sources [14, 15]. These modifications allowed safe application of 25-gauge instru-

mentation for more complex cases such as diabetic tractional retinal detachment,

rhegmatogenous retinal detachment or dense vitreous hemorrhages [8, 15–19].

The aim of this retrospective study was to assess and compare the safety and effectiveness

between 25-gauge and 23-gauge vitrectomy systems for the treatment of common vitreoretinal

surgery indications except retinal detachment in nonvitrectomized eyes.

Methods

Subjects

After the approval of the Ethics Committee of the Medical University Vienna (MUV), a retro-

spective data analysis was performed on all patients who underwent vitrectomy from April

2018 to December 2019 at the Department of Ophthalmology and Optometry at MUV. All

surgical reports and medical records of consecutive patients that underwent vitreoretinal sur-

gery during this time period were reviewed by a vitreoretinal surgeon (A.P.). We employed

strict inclusion criteria, which included primary vitrectomy with 23- or 25-gauge vitrectomy

system for following indications: macular epiretinal membrane, macular hole, macular
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lamellar hole, vitreous hemorrhage, vitreous opacities, vitreomacular traction syndrome and

macular edema. Exclusion criteria included history of any prior vitreoretinal surgery including

retinal detachment surgery. Follow-up period was required for at least 4 weeks postoperatively.

Data collected included age, sex, indication for surgery, surgical method, gauge-system, dura-

tion of surgery, type of anesthesia, lens status, refractive error, preoperative and postoperative

Snellen best corrected visual acuity (BCVA), intraoperative and postoperative complications,

induction of posterior vitreous detachment, number of sutures, intraocular pressure, number

of follow-ups, single success surgery, second surgery. The surgery duration was defined as the

period between insertion and removal of the lid speculum. Intraocular pressure was measured

with Goldmann applanation tonometer. Ocular hypotony was defined as intraocular pressure

of 5 mmHg or less. Ocular hypertension was defined as intraocular pressure of 25 mmHg or

more.

For analysis of visual outcomes, we divided the patients into 2 treatment subgroups depend-

ing on whether an intravitreal gas tamponade was performed at the end of surgery.

Further, for analysis of surgery duration our patient cohort was subdivided into disease

groups based on the need for epiretinal or inner limiting membrane (ILM) peeling, which typi-

cally extends surgery time and was performed in all eyes with macular epiretinal membrane,

macular hole or macular lamellar hole but not in eyes with vitreous hemorrhage, vitreous

opacities, vitreomacular traction syndrome or macular edema. The effect of cataract surgery

on overall duration of surgery was adjusted in our statistical models.

Surgical procedure

Patients received either general anesthesia (n = 148 eyes) or peribulbar block (n = 53 eyes).

Eyelids and periocular skin were prepared with 5% polyvidone-iodine solution. Polyvidone-

iodine drops were applied directly to the eye at the beginning and at the end of the surgery.

Sclerotomies were performed at an oblique angle 3.5 mm to 4mm from the limbus in the infer-

otemporal, superotemporal, and superonasal quadrants. All patients were operated with the

OS4 surgery system (Oertli Instruments, Berneck, Switzerland) applying the same settings

(peristaltic pump) and either 23 or 25-gauge with a continuous flow cutter (double edged

blade) and valved Oertli trocars. The choice of the vitrectomy system was up to the surgeon´s

discretion. The surgical interventions and follow-up visits were performed by experienced

vitreoretinal surgeons at the Department of Ophthalmology at MUV. Post-surgical treatment

consisted of corticosteroid, non-steroidal inflammatory and antibiotic eye drops for 4 weeks.

Statistical analysis

Quantitative variables are reported as mean ± standard deviation, if not stated otherwise. For

qualitative variables absolute frequencies and percentages are reported.

The primary endpoint was the time from surgery until first complication within 28 days

after surgery. Patients without complication were censored at the day of last observation or at

day 28, respectively, if the observation period was equal or greater than 28 days. A mixed

effects cox model (R-package coxme version 2.2.-16, R-function coxme) was calculated with

patient as random factor. The interaction term with gauge system was also analyzed but

removed from the model, since the p-value of the F-test was > 0.05 (results not shown). For

group comparisons (23 gauge system, 25 gauge system) of surgery time (in minutes) and

BCVA difference to baseline, mixed models were calculated (SAS Proc mixed) with patient as

random factor. The degrees of freedom were calculated by the Kenward-Roger approximation.

In the mixed model with surgery time as dependent variable, we adjusted for cataract surgery

(no/ yes) and indication for vitrectomy. The interaction terms with gauge system were also
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analyzed but removed from the model, since the p-values of the F-tests were> 0.05 (results

not shown). BCVA difference to baseline was analyzed for the follow-up category (28, 84] days

and> 84 days and for patients with/ without gas tamponade separately. BCVA pre surgery

and days from surgery until follow-up visit were the additional independent variables. For the

analysis of BCVA, the entries counting fingers, hand motion and light perception have been

set to 0.

Statistical analyses were conducted with R 3.6.2 and SAS 9.4. For all analyses, the signifi-

cance level has been set to 0.05.

Results

Two-hundred and one eyes of 195 patients undergoing vitrectomy were included in this retro-

spective study.

Out of the patients treated in one eye, 98 (47 female) were treated with 23 gauge and 91 (57

female) with 25 gauge instruments. Out of the 6 patients treated on both eyes, 2 patients were

treated with 23 gauge on both eyes, 1 patient with 25 gauge on both eyes, 3 patients with 23

gauge on one eye and 25 gauge on the other eye. Time between surgeries of the two study eyes

ranged between 39 days and 525 days. In the 23-gauge group, the mean age was 68.77 ± 9.52

years (age range: 37–90 years) and in the 25-gauge group 69.95 ± 9.56 years (age range: 28–87

years). The baseline characteristics are summarized in Table 1.

The most common indication for vitrectomy in both groups was macular epiretinal mem-

brane peeling (43% in 23-gauge and 64% in 25-gauge group) followed by macular hole (19% in

23-gauge and 15% in 25-gauge group). Other indications included macular lamellar hole, vit-

reous hemorrhage, vitreous opacities, vitreomacular traction syndrome and macular edema

(Table 2).

Cataract surgery was combined with vitrectomy in 60 eyes (32 cases in 23-gauge and 28

cases in 25-gauge group).

All eyes with surgical indication of macular hole or macular lamellar hole were filled with

20% SF6 gas (n = 18 in 23-gauge and n = 16 in 25-gauge group). In addition, gas filling at the

end of surgery was performed in eyes with a primary diagnosis of epiretinal membrane in 8

eyes of the 23-gauge group (7 eyes with 20% SF6 gas and 1 eye with air) and 10 eyes in the

25-gauge group (4 eyes with 20% SF6 gas and 6 eyes with air). In these eyes the presence of a

macular hole was suspected (intraoperative OCT not available) based on surgical reports.

Table 1. Baseline characteristics of patients.

Characteristics 23-gauge (n = 105 eyes, 103

patients)

25-gauge (n = 96 eyes, 95

patients)

Age at time of surgery, years

(mean ± SD)

68.77 ± 9.52 69.95 ± 9.56

Gender (male:female) 53:50 37:58

Eyes (right:left) 52:53 48:48

Preoperative BCVA (mean ± SD) 0.40 ± 0.26 0.40 ± 0.25

Lens, n (%)

• phakic 57 (54%) 54 (56%)

• pseudophakic 48 (46%) 42 (44%)

Myopia, n (%) 54 (63%) 52 (59%)

This table shows the baseline characteristics of our study patients. As 3 patients were included with vitrectomy

surgery performed on both eyes with different gauge systems the patients are listed in both columns.

https://doi.org/10.1371/journal.pone.0248164.t001
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Silicon oil was used in 1 eye operated with the 23-gauge and in 1 eye with the 25-gauge sys-

tem with surgical indication vitreous hemorrhage.

The mean overall surgery duration was 39.66 ± 21.24 minutes in the 23-gauge group and

45.02 ± 20.53 minutes in the 25-gauge group. Mean surgery time did not differ significantly

between the two gauge systems calculated with a mixed model with the mean group difference

[95% CI] adjusted for cataract surgery and for the 2 disease groups (group 1: macular epiretinal

membrane, macular hole or macular lamellar hole; group 2: vitreous hemorrhage, vitreous

opacities, vitreomacular traction syndrome or macular edema): -2.96 [-8.79; 2.88], p = 0.32,

see Fig 1.

No vitrectomy related intraoperative complications, such as lens touch, conversion to other

gauge system or problems with surgical instrument functionality were observed in both gauge

Table 2. Indications for surgery.

Indication for vitrectomy 23-gauge (n = 105 eyes, 103

patients)

25-gauge (n = 96 eyes, 95

patients)

Epiretinal membrane, n (%) 45 (43%) 61 (64%)

Macular hole, n (%) 20 (19%) 14 (15%)

Vitreous hemorrhage, n (%) 17 (16%) 9 (9%)

Vitreomacular traction syndrome, n

(%)

16 (15%) 1 (1%)

Macular lamellar hole, n (%) 5 (5%) 7 (7%)

Vitreous opacities, n (%) 1 (1%) 4 (4%)

Macular edema, n (%) 1 (1%) 0

This table shows the different retinal diseases included in our analysis subdivided by the gauge system used for

surgery. The indicated percentages in each column refer to the respective gauge group.

https://doi.org/10.1371/journal.pone.0248164.t002

Fig 1. Surgery time. Boxplots and individual observations of surgery time in minutes. Disease group 1 = macular

epiretinal membrane, macular hole, macular lamellar hole. Disease group 2 = vitreous hemorrhage, vitreous opacities,

vitreomacular traction syndrome and macular edema. In the box plots, the inferior boundary of the box indicates the

25th percentile, a black line within the box marks the median, and the superior boundary of the box indicates the 75th

percentile. Outliers are defined as values that are smaller/ greater than 1.5 times the interquartile range (IQR) from the

box. Whiskers above and below the box indicate the minimum and the maximum, respectively, if no outliers are

present. In case of outliers, the whiskers extend to the smallest/ largest value within the interval [25th percentile—1.5

IQR; 75thpercentile + 1.5 IQR].

https://doi.org/10.1371/journal.pone.0248164.g001
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groups. The mixed effects Cox regression model revealed that the risk for a complication

within the first month postoperatively was lower for the 25-gauge compared to the 23-gauge

group, but the difference was not statistically significant (HR [95% CI] adjusted for indication:

0.94 [0.53; 1.70], p = 0.85).

In the 23-gauge group, 32 eyes (30%) needed suturing sclerotomy with 15 eyes (14%)

requiring suture of one sclerotomy site, 4 eyes (4%) suture of two sites, and 13 eyes (12%)

suture of all three sclerotomy sites. In the 25-gauge group, 30 eyes (31%) required suturing

sclerotomy with 18 eyes (19%) requiring closure of one sclerotomy site, 5 eyes (5%) suture of

two sclerotomy sites, and 7 eyes (7%) sutures of all three sclerotomies.

Two cases (2%) of hypotony were observed at the first postoperative day in the 23-gauge

group, which resolved within 1 week without any intervention. Ocular hypertension was

observed on the first postoperative day in a total of 5 cases (2 eyes, 2%, in 23-gauge and 3 eyes,

3%, in 25-gauge group) and between 7 and 28 days in 5 cases (2 eyes, 2%, in 23-gauge and 3

eyes, 3%, in 25-gauge group), which were due to cortisone response. After stopping local corti-

sone eye drops and application of pressure-lowering drops normotonia was achieved in all of

these eyes within 1 to 2 weeks. In two eyes (2%) of the 23-gauge group ocular hypertension

was first diagnosed at postoperative day 61 and 145, respectively and treated with local eye

pressure lowering drops under which the pressure normalized.

Induction of posterior vitreous detachment was performed in 57 eyes (54%) in the

23-gauge and in 43 eyes (45%) in the 25-gauge group. In one eye (1%) in the 23-gauge group

with already detached vitreous a retinal break was observed at day 4 postoperatively and

treated successfully with a single session of laser coagulation.

The rate of retinal detachment in our study was 1% in the 23-gauge and 3% in the 25-gauge

group (total of 4 out of 201 eyes; 1 eye in the 23-gauge group). These occurred within 28 days fol-

lowing surgery (4, 5, 6, 26 days, respectively). In all cases, no retinal breaks were observed during

initial surgery upon routinely performed scleral indentation. All patients with retinal detach-

ment underwent successful reattachment by a single surgery (cryocoagulation, gas filling).

Mild vitreous hemorrhage following surgery in cases with indication for surgery other than

primary vitreous hemorrhage was observed in 10 eyes (7 eyes in 23-gauge and 3 eyes in

25-gauge group) within the first postoperative month. In all these cases intravitreal hemor-

rhages resolved spontaneously. See Table 3 for the occurrence of postoperative complications.

No cases of endophthalmitis were observed among our patients in either group.

Single surgery anatomical success (SSAS) was achieved in 101 eyes (96%) in the 23-gauge

and in 95 eyes (99%) in the 25-gauge group. All eyes without SSAS showed a persistent macu-

lar hole.

Table 3. Postoperative complications.

Postoperative complication 23-gauge (n = 105 eyes, 103 patients) 25-gauge (n = 96 eyes, 95 patients)

Vitreous bleeding, n (%) 7 (7%) 3 (3%)

Retinal detachment, n (%) 1 (1%) 3 (3%)

Retinal tear, n (%) 1 (1%) 0 (0%)

Hypotony, n (%) 2 (2%) 0 (0%)

Ocular hypertension, n (%) 6 (6%) 6 (6%)

Endophthalmitis, n (%) 0 (0%) 0 (0%)

Subconjunctival bleeding, n (%) 11 (11%) 11 (11%)

This table shows the occurrence of postoperative complications subdivided by the gauge system used for surgery. The

indicated percentages in each column refer to the respective gauge group.

https://doi.org/10.1371/journal.pone.0248164.t003
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The preoperative BCVA (mean ± standard deviation) was 0.40 ± 0.26 in the 23-gauge and

0.40 ± 0.25 in the 25-gauge group. See Fig 2A and 2B for BCVAs changes.

In eyes treated with vitrectomy and gas tamponade overall BCVA at baseline was

0.30 ± 0.19 (23 eyes of 23 patients) in the 23-gauge and 0.30 ± 0.22 (25 eyes of 25 patients) in

the 25-gauge group.

Within the subset of eyes that had a postoperative follow-up visit between 1 and 3 months,

BCVA improved from 0.31 ± 0.20 at baseline to 0.43 ± 0.29 in the 23-gauge group (23 observa-

tions of 18 eyes / 18 patients) and from 0.28 ± 0.21 at baseline to 0.35 ± 0.23 (27 observations

of 22 eyes / 22 patients) in the 25-gauge group. This difference of mean BCVA improvement

between 23 and 25 gauge groups was statistically not significant (mean difference [95% CI]:

-0.081 [-0.22; 0.054], p = 0.23).

Within the subset of eyes that had a follow-up visit beyond 3 months, BCVA markedly

improved from 0.32 ± 0.20 at baseline to 0.47 ± 0.29 in the 23-gauge group (38 observations of

18 eyes / 18 patients) and from 0.28 ± 0.20 at baseline to 0.43 ± 0.33 in the 25 gauge-group (17

observations of 13 eyes / 13 patients). Again, this difference of mean BCVA compared to base-

line between the two gauge systems was not statistically significant (estimate [95% CI]: -0.044

[-0.26; 0.17], p = 0.68).

In eyes treated without gas tamponade overall BCVA at baseline was 0.40 ± 0.29 (70 eyes of

68 patients) in the 23-gauge and 0.38 ± 0.24 (65 eyes of 64 patients) in the 25-gauge group.

Within the subsets of eyes that had a follow-up visit between 1 and 3 months, BCVA improved

from 0.39 ± 0.32 at baseline to 0.50 ± 0.28 in the 23-gauge group (53 observations of 42 eyes / 42

patients) and from 0.40 ± 0.24 at baseline to 0.43 ± 0.27 in the 25-gauge group (52 observations

of 47 eyes / 47 patients). Within this timeframe BCVA increase between the 2 gauge systems

was significantly lower for 25 compared to 23-gauge (mean difference [95% CI]: -0.13 [-0.20;

-0.052], p = 0.0011). Within the subset of eyes that had at least one follow-up visit beyond 3

months, BCVA improved from 0.38 ± 0.26 at baseline to 0.54 ± 0.29 in the 23-gauge group (104

observations of 44 eyes / 44 patients) and from 0.33 ± 0.24 to 0.45 ± 0.26 in the 25-gauge group

Fig 2. Visual acuity change from baseline. Mean visual acuity change from baseline subdivided by gauge system used for surgery (least

squares means derived from the mixed models) with 95% confidence limits for patients of treatment group 1 (panel A: vitrectomy and gas

tamponade) or group 2 (panel B: vitrectomy without gas tamponade). The numbers at the bottom of the figure show the number of

observations / number of eyes / number of patients.

https://doi.org/10.1371/journal.pone.0248164.g002
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(74 observations of 40 eyes/ 40 patients). Again, no statistically significant differences were

found when comparing the two gauge systems for the long-term follow-up visual acuity results

(estimate [95% CI]: -0.020 [-0.10; 0.065], p = 0.64). In the postoperative time period 2 eyes in

the 23-gauge and 5 eyes in the 25-gauge group underwent cataract surgery in the study eye.

Discussion

In this retrospective study we evaluated safety and effectiveness of 25-gauge compared to

23-gauge vitrectomy systems in patients suffering from common vitreoretinal diseases requir-

ing surgical repair for macular epiretinal membrane, macular hole, lamellar macular hole, vit-

reous hemorrhage, vitreous opacities, vitreomacular traction syndrome or macular edema. We

demonstrated that rates of intra- or postoperative complications, single surgery success or

long-term visual acuity outcomes between the two gauge groups were similar.

Sutureless vitrectomy is considered a safe and effective procedure, but may in some cases

result in complications, such as vitreous hemorrhage, hypotony, retinal tear, retinal detach-

ment or endophthalmitis [8, 15–19]. In our study, postoperative complication rates after vit-

rectomy were not significantly different between the 23 and 25-gauge groups. Among eyes

without primary vitreous hemorrhage as indication for surgery, 7% of eyes in the 23-gauge

and 3% of eyes in the 25-gauge group showed postoperative vitreous rebleeding, which

resolved spontaneously. Kumar et. al reported 4% of secondary bleeding after 23-gauge vitrec-

tomy, while Nagpal et. al reported 3% in the 23-gauge and 13% in the 25-gauge group [14, 15].

In our study, 1% in the 23-gauge and 3% in the 25-gauge group developed retinal detachment

postoperatively and 1% in the 23-gauge group showed an iatrogenic retinal break on the 4th

postoperative day. Sandali et al. reported that 0.5% of eyes undergoing surgery for epiretinal

membrane peeling developed rhegmatogenous retinal detachment after surgery in the

20-gauge group, but not in 23-gauge and 25-gauge groups [11]. Also they reported a 6% rate of

retinal tears in the 23-gauge group compared to a 2.2% rate in the 25-gauge group. Byeon et al.

followed eyes after 25-gauge vitrectomy and observed retinal detachments in 6% of cases [20].

A large retrospective chart review of 579 eyes that underwent vitrectomy for different indica-

tions showed a retinal detachment rate of 8.2% in the 23-gauge and 4.2% rate in the 25-gauge

group [21]. In a study of 92 patients conducted by Gupta et. al a retinal tear in 1 eye (1.1%)

after 23-gauge vitrectomy was reported [22].

Endophthalmitis is a rare but serious complication after vitrectomy. A meta-analysis per-

formed by Oshima et al. with 77956 cases showed a rate of 0.08% after 23-or 25-gauge surgery

[23]. A similar endophthalmitis rate of 0.085% was reported in a recently published large retro-

spective study by Weiss et al. including 18886 cases of 23-gauge, 25-gauge and 27- gauge pars

plana vitrectomy [24]. In our study no cases of acute infectious postoperative endophthalmitis

were observed. Similar to previous studies with 25-gauge vitrectomy systems [12, 20], we

observed no difficulties with instrument functionalities and no conversion to another gauge

system was necessary during the surgical procedures.

One of the advantages of transconjunctival sutureless vitrectomy systems is quicker patient

rehabilitation due to lower levels of suture related discomfort, inflammation and postoperative

astigmatism [25, 26]. However, in eyes with suspicious wound leakage sclerotomy sutures are

necessary. In our study 30% of eyes in 23-gauge group and 31% of eyes in 25-gauge required

suturing sclerotomy with 8–0 Vicryl sutures after removal of the trocars. Postoperative hypot-

ony is associated with an increased risk of endophthalmitis due to the possibility of intraocular

access for microorganisms and an increased possibility of choroidal detachment [12]. Gupta

et al. reported a rate of 7% of eyes requiring sclerotomy sutures after 25-gauge vitrectomy [27].

In contrast to our results several studies reported a higher rate of suturing sclerotomies in the
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23-gauge compared with the 25-gauge group, but similar rates of 1 day postoperative hypotony

[8, 15, 26]. One possible explanation for the high suture rate in our patient cohort could be low

surgeon’s tolerance if any wound leakage was observed, which may also explain the low rate of

postoperative hypotony observed. Postoperative hypotony has previously been described as a

common complication with an incidence ranging from 0.9% to 17% [11, 28–31]. Among our

patients only in 2% of eyes hypotony (IOP = 4 mmHg) was observed 1 day after sutureless sur-

gery performed with a 23-gauge vitrectomy system for epiretinal membrane peeling in one case

and for vitreous hemorrhage in another. 2% of eyes in 23-gauge and 3% of eyes in 25-gauge

group presented with IOP elevation over 25mmHg in the first postoperative day. However, one

eye received SF6 gas intravitreally, one eye silicon oil and another intravitreal triamcinolone.

Similar to the study conducted by Kim et. al, no significant differences in the occurrence of

postoperative intraocular pressure elevation or hypotony were noted between 23-gauge and

25-gauge groups [26]. A previous study performed by Nam et al. showed no significant differ-

ences in visual recovery and postoperative inflammation between 25-gauge and 23-gauge vitrec-

tomy groups among patients with various vitreoretinal diseases [8]. Surgical procedures were

performed by experienced vitreoretinal surgeons at the Department of Ophthalmology of MUV

with the same vitrectomy system (OS4; Oertli, Berneck, Switzerland) and the same settings

using the peristaltic pump. In our study the mean surgery time did not differ significantly

between the two gauge systems. Kumar et al. noticed among patients operated for diabetic mac-

ular traction retinal detachment that the mean surgical time in the 25-gauge group was signifi-

cantly longer compared to the 23-gauge group [15]. Similar to our results, in a study conducted

by Sandali et al. on patients treated for epiretinal membranes with different gauge systems the

mean surgical time was not significantly different between 23-gauge and 25-gauge groups [11].

We showed a similar macular hole closure rate (96% in 23 gauge and 99% in 25-gauge

group) after macular hole surgery compared to other studies with results ranging from 93 to

100% [32–35].

The mean BCVA was improving significantly less in the subgroup without gas infusion in

the 25-gauge group compared to the 23-gauge group between month 1 and 3 postoperatively,

for which we cannot provide any clinically plausible explanation. Importantly, after month 3

this difference was not statistically significant anymore. Sandali et al. showed BCVA improve-

ment 6 weeks postoperatively after epiretinal membrane surgery, which was not significantly

different between 25 and 23-gauge groups. However, BCVA improvement was higher in the

25-gauge group on the 8th postoperative day, compared to 23-gauge group, as well as when

compared to the 23-gauge group with and without sutures [11]. Gupta et al. demonstrated an

overall BCVA improvement after 23-gauge vitrectomy as well as when divided by surgical indi-

cation (retinal detachment, vitreous hemorrhage, epiretinal membrane and macular hole) [22].

Limitations to our study are characteristic of a retrospective study design with different fol-

low-up duration and loss of follow-up. The limited number of patients for the time period

indicated is due to the strict inclusion criteria with a follow-up period of at least 4 weeks. As

the Department of Ophthalmology at MUV is a tertiary referral center for complex retinal sur-

gical cases the number of routine vitreoretinal surgery cases, which met inclusion criteria for

this study, is limited. Further, a number of patients referred from other hospitals typically have

their follow-up visits after the 1-week postoperative check-up at their referring eye center for

travel distance reasons excluding them for inclusion in this study. Due to the retrospective

study character the use of different gauge systems was not equally balanced between the

vitreoretinal surgeons with four out of seven having performed more 25-gauge and the

remaining three mainly 23-gauge cases. Further, retinal detachment cases were not included as

the majority of these surgeries were performed with the 23-gauge system causing a major

imbalance between the gauge systems in the analysis.
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Strengths of this retrospective study include the selection of the study population by a

vitreoretinal specialist through detailed review of medical charts and well-balanced patient

groups with subgroup analyses for visual acuity outcome and surgery duration. Further, use of

the same surgical platform with similar settings by experienced vitreoretinal surgeons benefits

the comparability of data between the gauge systems.

In conclusion our retrospective analyses of vitreoretinal surgical cases at the Department of

Ophthalmology at MUV revealed that 23-gauge and 25-gauge vitrectomy systems seem to be

comparable in terms of intra- and postoperative safety, surgery time and long-term visual acu-

ity outcomes. These results suggest that 25-gauge vitrectomy systems in the clinical routine

can be used equally to 23-gauge systems in common indications for vitreoretinal surgery.
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33. Stene-Johansen I, Bragadóttir R, Petrovski BÉ, Petrovski G. Macular Hole Surgery Using Gas Tampo-

nade—An Outcome from the Oslo Retrospective Cross-Sectional Study. J Clin Med. 2019; 8(5):704.

https://doi.org/10.3390/jcm8050704 PMID: 31108955

34. Liu L, Enkh-Amgalan I, Wang NK, Chuang LH, Chen YP, shiou Hwang Y, et al. RESULTS OF MACU-

LAR HOLE SURGERY: Evaluation Based on the International Vitreomacular Traction Study Classifica-

tion. Retina. 2017;900–6.

35. Steel DH, Donachie PHJ, Aylward GW, Laidlaw DA, Williamson TH, Yorston D, et al. Factors affecting

anatomical and visual outcome after macular hole surgery: findings from a large prospective UK cohort.

Eye. 2020. https://doi.org/10.1038/s41433-020-0844-x PMID: 32231259

PLOS ONE 23-gauge and 25-gauge vitrectomy surgery

PLOS ONE | https://doi.org/10.1371/journal.pone.0248164 March 5, 2021 12 / 12

https://doi.org/10.1016/j.ajo.2010.06.042
http://www.ncbi.nlm.nih.gov/pubmed/20970109
https://doi.org/10.1097/IAE.0b013e3181b21082
http://www.ncbi.nlm.nih.gov/pubmed/19816241
https://doi.org/10.1097/IAE.0b013e318195cb28
http://www.ncbi.nlm.nih.gov/pubmed/19174725
https://doi.org/10.1097/IAE.0b013e318162b008
https://doi.org/10.1097/IAE.0b013e318162b008
http://www.ncbi.nlm.nih.gov/pubmed/18398355
https://doi.org/10.1155/2018/3082194
https://doi.org/10.1155/2018/3082194
http://www.ncbi.nlm.nih.gov/pubmed/30598845
https://doi.org/10.3390/jcm8050704
http://www.ncbi.nlm.nih.gov/pubmed/31108955
https://doi.org/10.1038/s41433-020-0844-x
http://www.ncbi.nlm.nih.gov/pubmed/32231259
https://doi.org/10.1371/journal.pone.0248164

