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Abstract

Background: To compare the safety and efficacy of topical anesthesia versus retrobulbar anesthesia in 27-gauge
pars plana vitrectomy (PPV) for vitreous floaters.

Methods: 30 patients with vitreous floaters were randomized into Group T (topical anesthesia, proparacaine eye
drop) and Group R (retrobulbar anesthesia), and underwent 27-gauge PPV. A 5-point visual analogue pain scale
(VAPS) was used to assess patients’ pain experience of anesthesia and surgery procedure (during surgery, 2 h and
1 day after surgery).

Results: The VAPS of anesthesia procedure was 1.27 ± 0.59 for patients in Group R, while it was all 0 for patients in
Group T (p < 0.001). There was no significant difference for VAPS during surgery (Group T: 1.13 ± 0.74, Group R: 0.67
± 0.62, p = 0.67), 2 h (Group T: 0.80 ± 1.01, Group R: 0.67 ± 0.62, p = 0.67) and 1 day (Group T: 0.20 ± 0.41, Group R: 0.
27 ± 0.46, p = 0.68) after surgery between these two groups. Only one patient (6.7%) in Group T required additional
topical anesthesia during the surgery. Most of the patients reported the pain experience came from initial trocar
insertion in both groups. None of the patients required post operative analgesia in both groups. No intraoperative
or postoperative complications were noted in both groups.

Conclusion: This study suggested that topical anesthesia is a safe and effective anesthetic approach for patients
with floaters who underwent 27-gauge PPV.

Trial registration: ClinicalTrials.gov NCT03049163. Registered 8 February 2017.
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Background
The anesthetic methods for vitrectomy surgery include
retrobulbar and peribulbar anesthesia. However, both
methods have potential complications that can vary from
minor to severe. For example, the complications of
retrobulbar anesthesia include perforation of the ocular
globe, retrobulbar hemorrhage, occlusion of the vein
and/or the artery of the retina, retinal detachment, [1],

subarachnoid injection, [2] intracranial diffusion, [3],
cranial nerve palsies, [4], apnea and seizures [5].
Due to these potential complications, surgeons are try-

ing to use simple and safe topical anesthesia to replace
retrobulbar/peribulbar anesthesia. In a non-comparative
study, Yepez et al. assessed the effect of topical
anesthesia (4% lidocaine drops) combined with sedation
in posterior vitrectomy procedures with various vitreor-
etinal diseases and found all patients had grade 1 (no) to
grade 2 (mild) pain and discomfort during most of the
procedure [6]. Besides, no patient required additional
retrobulbar, peribulbar, or sub-Tenon’s anesthesia [6].
Later, several comparative studies directly compared the
effect of topical anesthesia combined with sedation, or a
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series of steps of topical anesthesia to the retrobulbar/
peribulbar anesthesia during posterior vitrectomy pro-
cedure, and consistently found the subjective pain scores
were not significantly different [7–9].
Floaters are perceived by patients as a serious medical

condition that has a significant negative impact on their
vision and quality of life [10, 11]. Vitrectomy surgery for
vitreous floaters is widely considered more straight forward
than other vitreoretinal surgeries. Regarding the vitrectomy
surgery procedure for vitreous floaters, it is much simpler
than other vitreoretinal surgeries, mainly reflecting in lower
usage of scleral indentation, photocoagulation, and an ap-
parently shorter duration. Especially with regard to the use
of 27-gauge vitrectomy, the sclerotomy is minimally inva-
sive, and reduces the pain of surgery to some extent. Hence,
retrobulbar anesthesia seemed excessive for this kind of
surgery. Here, we compared the effect of topical and retro-
bulbar anesthesia for 27-gauge pars plana vitrectomy (PPV)
for symptomatic vitreous floaters.

Methods
Subjects
Thirty eyes of 30 patients who underwent 27-gauge PPV
for systemic vitreous floaters at the Eye Hospital of
Wenzhou Medical University from March 2017 to July
2017 were alternatively randomized into Group T using
topical anesthesia (15 eyes) or Group R using retrobulbar
anesthesia (15 eyes). Both patients and surgeon were not
blind to the randomizing result, since the patients would
be aware of the anesthetic method when performing
anesthesia and the surgeon could distinguish from the eye
movement. The randomized order was produced by Excel
randomized formula in advance by one of the author (ZL).
Participants was enrolled and assigned to interventions by
the same doctor (ZL). The inclusion criteria of this study
were: (1) age > 18 years; (2) subjective sensation of the
“floaters” which disturbed his/her life moderately or se-
verely for more than 3 months; (3) clinical examination
showed the vitreous opacity crumb; (4) patients who are
willing to participate in this study. The exclusion criteria
were (1): patients who had vitrectomy surgery before; (2)
patients who had penetrating ocular trauma before; (3) pa-
tients with mental retardation, problem with communica-
tion, dementia or other systemic diseases that could not
cooperate with this surgery.
All patients were informed about the purpose and na-

ture of the study and underwent thorough preoperative
counseling on what they would experience during sur-
gery under topical or retrobulbar anesthesia; especially,
being aware of the potential complications of retrobulbar
anesthesia and some pain sensation in the eye if under
topical anesthesia. This study adhered to CONSORT
guidelines for reporting clinical trial. A completed

CONSORT checklist is available in Additional file 1. The
study protocol is available in https://clinicaltrials.gov.
Comprehensive preoperative ophthalmic examinations,

including a slit lamp evaluation, best-corrected visual acu-
ity (BCVA) in LogMar, intraocular pressure (IOP), B scan,
optical coherent tomography, and fundus photography,
were performed for patients preoperatively, 1 day and
1 week postoperatively. The study followed the tenets of
the Declaration of Helsinki and was approved by the Eth-
ics Committee of The Eye Hospital of Wenzhou Medical
University. All patients signed informed consent forms.

Surgery procedure
Before surgery, pupillary dilatation was obtained with 1%
tropicamide. Retrobulbar anesthesia was achieved by
injecting a 50% mixture of 2% lidocaine and 0.75% bupiva-
caine 4–5 ml through a 25 gauge (0.5 mm) needle. Topical
anesthesia was performed by instilling 0.5% proparacaine
hydrochloride (Alcaine®, Alcon, TX) 3 times (with 1 min-i-
nterval) before surgery. All retrobulbar anesthesia proce-
dures were performed by the same doctor (ZL), while all
27-gauge PPV procedures were performed by the same
surgeon (RHW). To begin the surgery, three transcon-
junctival sutureless 27-gauge cannulae (Constellation;
Alcon Laboratories Inc., Fort Worth, TX), i.e. the
inferior-temporal infusion cannula and the superior-nasal
and superior-temporal operation cannulae, were made
4 mm posterior to the limbus with angled incision.
Central vitreous followed by peripheral vitreous was re-
moved with the help of a corneal contact lens. A quick
scleral indentation was performed to check the extremely
peripheral retina and ora serrata. Build-in laser
(wavelength 532 nm) was used to perform the photo-
coagulation in eyes with lattice retinal degeneration or ret-
inal break(s). At the end of the surgery, cannulae were
removed and none of the eyes required suturing.

Examinations and visual analogue pain scale (VAPS)
A 5-point visual analogue pain scale (VAPS), which was
the main outcomes of this study, ranged from 0 (no
pain) to 4 (severe pain), was used to assess the subjective
pain experience of anesthesia and surgical procedure
(during surgery, 2 h and 1 day after surgery). The exact
painful surgery procedure would further ask if the pa-
tient felt pain during surgery. The 5-point visual
analogue scale, ranged from 0 (extremely comfortable)
to 4 (unable to perform surgery), was also used to assess
the surgeon’s comfort and ease while performing the
surgery [7–9]. Detailed information on the VAS was pre-
sented in Table 1. The detailed procedure of the pain ex-
perience during anesthesia and surgery was asked, if the
patients reported a pain experience.
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Anesthesia procedure
If you felt discomfort/pain during the retrobulbar
anesthesia, please choose the detailed procedure below
(multiple choice).
A. topical eye drops instillation; B. needle puncture the

skin; C. liquid injection; D. local pressure after injection;
E. others (such as skin numbness, ptosis, lid swelling),
please specify.

Surgery procedure
If you felt discomfort/pain during the surgery, please
choose the detailed procedure below (multiple choice).
A. opened the lid using eye speculum; B. trocar

inserted the sclera; C. vitrectomy; D. scleral indentation;
E. cannula removal; F. others, please specify.

Statistical analysis
All the data used and analyzed in this study can be
accessed in Additional file 2. Student’s t-test or
chi-square test was used for data comparison between
the study groups. All statistical analysis was performed
with Statistical Analysis System for Windows version
9.1.3 (SAS Inc., Cary, NC). A P value of < 0.05 was con-
sidered significant.

Results
Fifteen eyes of 15 patients were included into Group T
and Group R, respectively. The mean age of the total 30
patients was 32.4 ± 11.1 (range 19 to 51) years. There

were 27 males (90%). The baseline characteristics of pa-
tients in these two anesthesia groups were presented in
Table 2. There was no significant difference between
age, gender, duration of floaters, preoperative BCVA and
IOP between Group T and Group R.
The mean surgery time of Group T and Group R was

14.0 ± 3.8 (range 9.2–18.6) and 13.6 ± 4.4 (range 8.7–19.1)
minutes, respectively, while no significant difference was
found (p = 0.45). One eye in each group was performed
with photocoagulation (wavelength) because of retinal de-
generation. However, none of these two patients required
additional pain relief. The BCVA (LogMar) at 1 day
(median 0.15 vs. 0.10 p = 0.85) and 1 week (median 0.0 vs.
0.0 p = 0.95) post-op were also not significantly different
between the two groups. Similar results were found for
IOP (1 day 8.4 ± 4.3 vs. 9.2 ± 3.9, p = 0.45; 1 week:
12.8 ± 3.6 vs. 14.6 ± 5.2. p = 0.29).
The VAPS of anesthesia procedure was 1.27 ± 0.59

(range 0 to 2) for patients in Group R, while it was all 0
for patients in Group T (p < 0.001). The VAPS of sur-
gery procedure was 1.13 ± 0.74 (range 0 to 2) and 0.67
± 0.62 (range 0 to 2) for patients in Group T and Group
R (p = 0.14), respectively. The VAP for surgeon’s com-
fort during the surgery was 0.27 ± 0.59 (range 0 to 2)
and 0.33 ± 0.48 (range 0 to 1) for patients in Group T
and Group R (p = 0.74), respectively. There was also no
significant difference for VAPS 2 h (Group T: 0.80 ± 1.01,
range 0 to 3, Group R: 0.67 ± 0.62, range 0 to 2, p = 0.67)
and 1 day (Group T: 0.20 ± 0.41, range 0 to 1, Group R:
0.27 ± 0.46, range 0 to 1, p = 0.68) after surgery between
these two groups. The distributions of the VAPS and VAS
for surgeon’s comfort were presented in Fig. 1.
None of the patients in Group T felt discomfort or

worse, while 14 patients felt discomfort or pain in Group
R. Most of the patients reported that they experienced
discomfort/pain when the needle punctured the skin
(12/14, 85.7%), while a small proportion of patients
reported a similar experience with the liquid injection
(3/14, 21.4%) during the retrobulbar anesthesia. In
Group T, 12 (80%) patients reported mild discomfort or
worse during the surgery. Most of them reported the
pain experience mainly came from initial trocar insertion
(8/12, 67.7%) and use of the lid speculum (5/12, 41.7%),
while a small proportion of patients reported that during
scleral indentation (2/12, 16.7%), and vitrectomy proced-
ure (1/12, 8.3%). In Group R, 9 (60%) patients reported
mild discomfort or worse during the surgery. The pa-
tients reported the pain experience come from initial
trocar insertion (3/9, 33.3%), use of the lid speculum
(2/9, 22.2%), scleral indentation (2/9, 22.2%), vitrec-
tomy procedure (1/9, 11.1%), and trocar removal (1/9,
11.1%). Only one patient (6.7%) in Group T required
additional topical anesthesia (0.5% proparacaine
hydrochloride eye drop, once) during the surgery.

Table 1 Visual analogue scale for pain and surgeon’s comfort

Score Pain Surgeon’s comfort

0 No discomfort Extremely comfortable

1 Mild discomfort Mild movements/squeezing

2 Mild pain Moderate discomfort
(significant ocular movements/
squeezing/Bells phenomenon)

3 Moderate pain Severe discomfort hampering
surgical maneuvering

4 Unbearable pain Unable to perform surgery

Table 2 Baseline characteristics of patients in two anesthesia groups

Group Topical Group Retrobulbar P

Age (year)1 32.9 ± 11.8 32.1 ± 10.8 0.85

Gender (male/female)2 13/2 14/1 1.00

Right/left eye2 8/7 10/5 0.71

Duration of floaters (month)3 36 (12, 60) 36 (18, 120) 0.45

BCVA (LogMar)3 0.0 (0.04, 0.0) 0.0 (0.05, 0.0) 0.28

IOP (mmHg)1 13.5 ± 2.7 15.9 ± 4.2 0.08
1presented as mean± standard deviation, and tested by student’s t-test; 2 presented
the number, and tested by Fisher Exact test; 3 presented as median and quartile
range, and tested by Wilcoxon test
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None of the patients required post operative pain re-
lief in both groups. No intraoperative or postoperative
complications were noted in both groups.

Discussion
With development in techniques and technology, local
anesthesia, including retrobulbar, peribulbar, and
sub-Tenon’s anesthesia, is being used for the majority of

vitreoretinal surgery. Although rare, many complications
have been reported with injection anesthesia [1–5].
Topical anesthesia essentially eliminates the risk of
needle-related complications associated with the injec-
tion of local anesthesia. Therefore, the safety and efficacy
of the topical anesthesia have been investigated for
small-gauge vitrectomy, and have been demonstrated to
be safe and effective [8, 9, 12, 13]. However, to best of

a d

b e

c

Fig. 1 a Visual Analogue Pain Scale (VAPS) during anesthesia process. b Visual Analogue Pain Scale (VAPS) during surgery process. c Visual Analogue
Scale (VAS) for surgeon’s comfort. d Visual Analogue Pain Scale (VAPS) 2 h after surgery. e Visual Analogue Pain Scale (VAPS) 1 day after surgery
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our knowledge, no study on the safety and efficacy of
the topical anesthesia for 27-gauge PPV was reported.
There were several advantages in this study. First, this

study was a randomized controlled trial, which may pro-
vide powerful evidence. Second, all of the surgeries and
retrobulbar anesthesia of the study were performed by
the same surgeon (RHW) and the same doctor (ZL), re-
spectively, which may minimize the possible confound-
ing factors, such as different pain experience during
anesthesia or surgery with different techniques. Third,
this study simplified the topical anesthesia procedure
(only proparacaine hydrochloride eye drops for 3 times),
compared to previous studies. Yepez et al. and Bahcecio-
glu et al. also used operative sedation for topical
anesthesia patients [6, 7, 14]. Mahajan et al. used a serial
topical anesthesia method, i.e., proparacaine hydrochlor-
ide drops, lignocaine gel for 1 min, another proparacaine
hydrochloride infiltration with swab for 1 min [8].
Celiker et al. used proparacaine hydrochloride drops
15 min preceding surgery, and then proparacaine hydro-
chloride infiltration with sponges for another 15 min [9].
In this study, only eye drops were instilled for the top-

ical anesthesia procedure, hence it was understandable
that none of the patients felt uncomfortable or worse.
The VAPS of surgery procedure in both groups ranged
from 0 (no discomfort) to 2 (mild pain), and was not ap-
parently different. The majority operative discomfort/pain
experience reported by the patients was the trocar inser-
tion, which was a very short period. Only one (6.7%) pa-
tient in Group T required additional topical anesthesia of
eye drop, and also only one (6.7%) patient in Group T had
significant eye squeezing that caused moderate discomfort
for surgeon’s during the surgery, which suggested that
most of the patients could tolerate the pain and cooperate
well during the surgery. We believe the eye squeezing or
movement could be conquered by detailed preoperative
and operative communication with the patient, and by an
experienced surgeon. Once the vitrectomy procedure is
started, the movement of the eyeball can be controlled by
surgeon with intraocular instruments.
Although slightly more proportion of patients (4/15,

26.7%) in Group T felt mild pain or moderate pain than
that in Group R (1/15, 6.7%) 2 h after surgery, this was
not significantly different. Besides, none of the patient
required analgesic after surgery, suggesting a tolerable
post-operation pain. Furthermore, the post-operation
pain became negligible (no worse than mild discomfort)
at day 1 post operation in both groups. All the data sug-
gested that the topical anesthesia procedure was safe
and efficient for the patients with floaters who under-
went 27-gauge PPV.
Besides the most important advantage of topical

anesthesia, i.e., eliminating the risk of needle-related
complications, this anesthesia technique also greatly

reduces the preparation time, eliminates the patients’
fear, has less interference to the post-operative recovery
(such as lid edema, blink, eye movement, etc.), and has
less surgical expenditure. The relatively small sample
size and the fact that only patients with floaters were se-
lected are some limitations to this study. For macular
cases, such as macular holes and epimacular mem-
branes, any inadvertent ocular movements might result
in disastrous consequences. However, many surgeons
have reported successful outcomes using topical
anesthesia for such cases [6, 9, 13].
In summary, our study suggests that utilizing topical

anesthesia (with only eye drops) is a safe and effective
anesthesia approach for patients with floaters who
underwent 27-gauge pars plana vitrectomy.

Conclusions
The topical anesthesia is a safe and effective anesthesia
approach for floaters removed by 27-gauge par plana vi-
trectomy, and could be recommended by clinical practice.
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