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Subconjunctival 0.1% epinephrine 
versus placebo in maintenance of mydriasis 
during vitrectomy: a randomized controlled trial
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Abstract 

Background:  Pupil dilation and mydriasis maintenance throughout vitreoretinal surgeries are important to allow 
satisfactory fundus visualization and reduce risk of complications. The purpose of this study is to evaluate the role of 
subconjunctival epinephrine 0.1% injection in mydriasis maintenance during vitrectomy.

Methods:  Ninety-nine consecutive patients undergoing vitrectomy were enrolled. All subjects were preoperatively 
dilated with tropicamide 1%. Each patient was randomly allocated either in the epinephrine or placebo group. In 
epinephrine group, patients were submitted to a 0.2 cc subconjunctival injection of a 0.1% epinephrine solution just 
before first incisions. In placebo group, the same procedure was performed with 0.2 cc of saline 0.9%. Horizontal pupil 
diameter was measured with calipers before and in the end of the procedure.

Results:  Patients in the epinephrine group showed a significantly larger mean pupil diameter in the end of the sur-
gery compared to placebo. There was a significant increase of mean pupil diameter from the beginning to the end of 
the surgery in such patients. Blood pressure was significantly higher in the epinephrine group than in placebo group. 
No other adverse effects were noted.

Conclusion:  Subconjunctival epinephrine is effective for maintaining and increasing pupil size during vitrectomy, 
compared to placebo. Caution should be taken regarding intraoperative blood pressure levels.

Trial registration:  RBR; RBR-3qzhvg; Registered 8 May 2018—Retrospectively registered, http://www.ensai​oscli​nicos​
.gov.br/rg/RBR-3qzhv​g/.
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Background
Proper mydriasis is paramount for satisfactory view of 
the retinal fundus during pars plana vitrectomy (PPV). 
Pupil dilation is usually obtained by preoperative instil-
lation of mydriatic drops, providing appropriate view of 
the posterior segment in most cases. However, there has 
been demonstrated that in prolonged PPVs a prostaglan-
din mediated miosis secondary to the surgical trauma 

becomes clinically important, raising the risk of compli-
cations such as incomplete vitreous removal, lens touch-
ing and traumatic membrane peeling [1].

Epinephrine is a widely used mydriatic agent, act-
ing both by contracting the dilator iris muscle by its alfa 
receptor actions and relaxing the sphincter by its beta 
effects [2]. The use of intracameral epinephrine for intra-
operative pupil dilation is a common practice among 
cataract surgeons, with satisfactory efficacy and safety 
[3]. In case of PPV, it is preferable to avoid anterior cham-
ber manipulation unless strictly necessary. In addition 
to an extra corneal incision, the intracameral approach 
could result in further iris trauma and pupil miosis and 
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instability of anterior chamber, especially when using 
contact lenses visualization systems. [4, 5].

Several mydriatic combinations have been tested for 
both intracameral and subconjunctival use to maintain 
pupil size during phacoemulsification [6–9], but only a 
few strategies have been demonstrated to achieve and 
maintain mydriasis during PPV and no previous study 
have tested the efficacy of subconjunctival epinephrine 
alone for this purpose. This study compared the efficacy 
and side effects of pupil dilation and its maintenance dur-
ing PPV between patients who had subconjunctival injec-
tion of 0.2  cc of epinephrine (1:1000) and patients who 
had saline 0.9% prior to surgery.

Methods
This randomized, placebo-controlled trial was performed 
at the Hospital das Clínicas, University of Sao Paulo. 
The study was approved by the local ethics review board 
and conducted according to the Declaration of Helsinki. 
Informed consent was obtained from all patients prior 
enrollment.

We included 99 consecutive patients who underwent 
PPV. Indications for PPV included rhegmatogenous and 
tractional retinal detachment, vitreous hemorrhage, 
macular hole and epiretinal membrane. Pseudophakic 
patients were included if the cataract surgery had been 
performed without complication at least 6 months prior 
to randomization. Exclusion criterion included past his-
tory of uveitis, pseudoexfoliation, trauma, use of any sys-
temic or topical anti-inflammatory medications within 
2 weeks prior to surgery, or intraoperative complications. 
Patients submitted to scleral buckling or any anterior 
chamber procedure during PPV were also excluded.

All patients were dilated with 3 consecutive drops of 
tropicamide 1%, 10  min apart, 30  min prior to surgery. 
Pupil diameter was measured at the three time points: 
baseline, prior to dilation on slit lamp examination; at 
the beginning of the surgery, prior to the first incision 
under microscope visualization with an eyelid speculum 
and a 0.5 mm accuracy caliper (preoperative); and at the 
end of the surgery. The main outcome measure was the 
horizontal diameter noted in millimeters (mm). Follow-
ing the pupil measurement, patients received either a 
0.2  cc subconjunctival injection of epinephrine 1:1000 
(study group) or saline solution 0.9% (control group) in 
the inferonasal perilimbic area. Age, sex, iris color (dark 
versus light), diagnosis of systemic hypertension, mean 
arterial blood pressure (MABP) at the beginning and at 
the end of the procedure, preoperative blood sugar level 
and duration of the surgery were obtained and compared 
between groups.

Data were summarized numerically with counts 
and percentages, means and standard deviations (SD). 

Kolmogorov–Smirnov test was performed to test for the 
normality assumption. The two-sample Student’s t test 
and Pearson Chi square test were performed to com-
pare continuous and nominal variables, respectively. All 
tests were performed at 0.05. Statistical analysis was per-
formed by SPSS (ver. 23.0; SPSS, Chicago, USA).

Results
Forty-five patients were allocated in the study group and 
44 were allocated in the control group. There was no sta-
tistically significant difference between the two groups 
for duration of surgery, age, gender, iris color, presence 
of systemic hypertension, blood sugar level and MABP, 
both at the beginning and at the end of the procedure. 
Table  1 shows the descriptive and demographic profiles 
of patients from the study and controls groups.

There was an increase of MABP at the end of the sur-
gery compared to the beginning of the surgery, with a 
larger variation in the study group. Paired t test showed a 
significant statistically difference between final and initial 
MAPB in the study group (p = 0.001), whereas no signifi-
cant statistically differences were observed in the control 
group (p = 0.086). No adverse events were observed in 
patients from neither group.

The mean pupil diameters of both groups at the three 
time points are demonstrated in Table  2. The mean 
pupil diameter was 2.9  mm in both groups at baseline 
(p = 0.902). There were no statistically significant differ-
ences between both groups neither in the baseline nor in 
the beginning of the surgery. However, the mean pupil 
diameter at the end of the surgery was larger (7.3 mm) in 
the study group compared to the control group (6.2 mm) 
(p < 0.001).

In addition, there was an increase of the mean pupil 
diameter at the end of the surgery compared to the 

Table 1  Demographic and  descriptive data of  patients 
from study and control groups

MAPB mean arterial blood pressure, Min minutes
a  Two-sample Student’s t test. Values expressed in means (± standard deviation)
b  Pearson Chi square test

Variable Study Control P

N 45 44

Age (years) 63.7 (± 14.6) 57.9 (± 14.1) 0.253a

Sex (male/female) 27/18 21/23 0.291b

Light/dark irides 9/36 9/35 0.583b

Systemic hipertension 48.9% 59.0% 0.397b

Procedure time (min) 50.3 (± 20.7) 49.5 (± 23.0) 0.911a

Blood sugar level (mg/dL) 129.7 (± 42.5) 116.8 (± 36.4) 0.359a

Preoperative MABP (mmHg) 98.9 (± 11.9) 102.9 (± 12.8) 0.114a

Posoperative MABP (mmHg) 104.8 (± 10.2) 105.7 (± 8.2) 0.629a
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beginning of the surgery in patients from the study 
group. In contrast, the control group had a smaller mean 
pupil diameter at the end of the surgery, compared to the 
beginning of the surgery.

Discussion
This study evaluated the use of subconjunctival epineph-
rine for mydriasis maintenance during PPV. Our find-
ings indicated that a subconjunctival administration of 
epinephrine at the beginning of the surgery not only led 
to an appropriate pupil size during PPV as it increased 
the mean pupil size from the beginning (6.7 ± 1.1 mm) to 
the end of the surgery (7.3 ± 0.7 mm). Our study agrees 
with a previous study by Kulshrestha et al. [10] that found 
that subconjunctival injections of mydricaine, a mixture 
of atropine, epinephrine and procaine, were useful in 
mydriasis maintenance during vitrectomy when associ-
ated to preoperative topical diclofenac. This study, how-
ever, did not have a placebo-controlled group.

Intraoperative miosis is believed to be mediated by 
prostaglandins released from the uveal vasculature [11]. 
This rationale has been used by several authors for test-
ing non-steroidal anti-inflammatory agents for mydria-
sis maintenance [12–16], especially in cataract surgery. 
Although our study did not compare subconjuntival 
epinephrine with any anti-inflammatory agent, Jha et al. 
[17] demonstrated that the use of intracameral nepafenac 
had no impact on intraoperative pupil diameter of rabbit 
eyes. Other previous studies also showed no advantage in 
preventing intraoperative miosis in patients undergoing 
vitreoretinal surgery by using topical flurbiprofen [1, 18].

A myriad of strategies have been used for mydriasis 
achievement and maintenance during phacoemulsifica-
tion with topical [19], intracameral [9, 13] or subcon-
junctival [10] administration of mydriatic drugs, soaked 
sponges [20] or slow release drug inserts [21]. Intracam-
eral epinephrine has been the most widely strategy used 
by cataract surgeons, with several reports of its efficacy 
and safety [3, 22–24]. Theoretically, epinephrine infused 
into the eye can potentially be systemically absorbed 
both via vascular structures of the anterior segment, like 
scleral and conjunctival vessels, and via nasolacrimal 
duct [3]. In the present study, there were no significant 
changes in heart rate between control and study groups, 

but there was a statistically significant increase on 
MABP from the beginning to the end of the procedure 
in patients receiving subconjunctival epinephrine. There 
has been described in previous case reports with mydric-
aine use for mydriasis maintenance during vitrectomy 
the possibility of adverse cardiac events, such as isolated 
sinus tachycardia [25, 26], myocardial ischemia [27, 28] 
and atrial fibrillation [29]. Nevertheless, the increase in 
MAPB levels did not need to be controlled by any fur-
ther medication and were considered clinically non-sig-
nificant by the anesthesiologists in all patients. No other 
systemic adverse events were observed in our patients.

In our study the age, sex, irides color, procedure dura-
tion, history of systemic hypertension, blood pressure 
and preoperative blood sugar levels were similar in both 
groups. Therefore, this study was unable to evaluate the 
impact of these variables on such intervention. Although 
the mean procedure duration in our study was long 
(approximately 50 min) in both groups, our results may 
not be extrapolable for longer surgeries. In addition, this 
study excluded patients undergoing associated scleral 
buckling procedures, to avoid bias related to the subcon-
junctival absorption, once perilimbic peritomy is per-
formed in such cases. Thus, it is unknown whether the 
use of subconjunctival epinephrine is suitable for those 
patients.

Conclusions
In conclusion, subconjunctival administration of epi-
nephrine appears to be an effective strategy to achieve 
and maintain mydryasis during PPV without the need 
to manipulate the anterior chamber and possibly avoid-
ing related risks, such as endothelial injury, lens touching 
and corneal incision leakage. This strategy seems to be 
safe, but caution still should be taken about blood pres-
sure levels. Further studies are necessary to assess the 
combination of subconjunctival epinephrine with topical 
ocular anti-inflammatory agents and to better investiga-
tion of possible long-term systemic and ocular adverse 
effects.
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Table 2  Mean pupil diameter at baseline, at the beginning 
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*Student’s t test. Significant values in italic

Measurements Study Control P*

Baseline 2.9 (± 0.6) 2.9 (± 0.4) 0.902

Beginning of surgery 6.7 (± 1.1) 6.5 (± 1.0) 0.619

End of surgery 7.3 (± 0.6) 6.2 (± 0.9) < 0.001



Page 4 of 4de Araújo et al. Int J Retin Vitr  (2018) 4:38 

Author details
1 Division of Ophthalmology, Hospital Universitário Onofre Lopes, Univer-
sidade Federal do Rio Grande do Norte, Rua Mipibu, 741 apt 1402A, Natal, 
RN 59014‑480, Brazil. 2 Division of Ophthalmology, Hospital das Clínicas 
HCFMUSP, Universidade de Sao Paulo, Rua Dr. Ovídio Pires de Campos, 225, 
05403‑010 São Paulo, SP, Brazil. 

Acknowledgements
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Availability of data and materials
The datasets used and/or analysed during the current study are available from 
the corresponding author on reasonable request.

Consent for publication
Not applicable.

Ethics approval and consent to participate
This study was approved by Comissão de Ética para Análise de Projetos de 
Pesquisa – CAPPesq, registration number 2.339.870, and informed consent 
was obtained from all participants.

Funding
Funding information is not applicable.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Received: 3 August 2018   Accepted: 28 September 2018

References
	1.	 Vander JF, Greven CM, Maguire JI, Moreno RJ, Shakin EP, Lucier AC. 

Flurbiprofen sodium to prevent intraoperative miosis during vitreoretinal 
surgery. Am J Ophthalmol. 1989;108:288–91.

	2.	 Liou SW, Chen CC. Maintenance of mydriasis with one bolus of epi-
nephrine injection during phacoemulsification. J Ocul Pharmacol Ther. 
2001;17:249–53. https​://doi.org/10.1089/10807​68017​50295​281.

	3.	 Liou SW, Yang CY. The effect of intracameral adrenaline infusion on pupil 
size, pulse rate, and blood pressure during phacoemulsification. J Ocul 
Pharmacol Ther. 1998;14:357–61. https​://doi.org/10.1089/jop.1998.14.357.

	4.	 Kim KN, Lee HJ, Heo DW, Jo YJ, Kim JY. Combined cataract extraction 
and vitrectomy for macula-sparing retinal detachment: visual outcomes 
and complications. Korean J Ophthalmol. 2015;29:147–54. https​://doi.
org/10.3341/kjo.2015.29.3.147.

	5.	 Czajka MP, Frajdenberg A, Johansson B. Comparison of 1.8-mm incision 
versus 2.75-mm incision cataract surgery in combined phacoemulsifica-
tion and 23-gauge vitrectomy. Acta Ophthalmol. 2016;94:507–13. https​://
doi.org/10.1111/aos.12998​.

	6.	 Hovanesian JA. Intracameral phenylephrine and ketorolac during cataract 
surgery to maintain intraoperative mydriasis and reduce postopera-
tive ocular pain: Integrated results from 2 pivotal phase 3 studies (vol 
41, pg 2060, 2015). J Cataract Refract Surg. 2016;42:349. https​://doi.
org/10.1016/j.jcrs.2016.03.001.

	7.	 Grob SR, Gonzalez-Gonzalez LA, Daly MK. Management of mydriasis and 
pain in cataract and intraocular lens surgery: review of current medica-
tions and future directions. Clin Ophthalmol. 2014;8:1281–9. https​://doi.
org/10.2147/OPTH.S4756​9.

	8.	 Lei H-L, Yang K-J, Sun C-C, Chen C-H, Huang B-Y, Ng SC, et al. Obtained 
mydriasis in long-term type 2 diabetic patients. J Ocul Pharmacol Ther. 
2011;27:599–602. https​://doi.org/10.1089/jop.2011.0090.

	9.	 Lundberg B, Behndig A. Intracameral mydriatics in phacoemulsification 
cataract surgery—a 6-year follow-up. Acta Ophthalmol. 2013;91:243–6. 
https​://doi.org/10.1111/j.1755-3768.2011.02378​.x.

	10.	 Kulshrestha MK, Rauz S, Goble RR, Stavrakas IA, Kirkby GR. The role of 
preoperative subconjunctival mydricaine and topical diclofenac sodium 
0.1% in maintaining mydriasis during vitrectomy. Retina (Philadelphia, Pa). 
2000;20:46–51.

	11.	 Waitzman MB, King CD. Prostaglandin influences on intraocular pressure 
and pupil size. Am J Physiol. 1967;212:329–34.

	12.	 Antcliff RJ, Trew DR. The maintenance of per-operative mydriasis in 
phacoemulsification with topical diclofenac sodium. Eye. 1997;11:389–91.

	13.	 Hovanesian JA, Sheppard JD, Trattler WB, Gayton JL, Malhotra RP, Schaaf 
DT, et al. Intracameral phenylephrine and ketorolac during cataract 
surgery to maintain intraoperative mydriasis and reduce postoperative 
ocular pain: integrated results from 2 pivotal phase 3 studies. J Cataract 
Refract Surg. 2015;41:2060–8. https​://doi.org/10.1016/j.jcrs.2015.10.053.

	14.	 Liu C, Liu Y, Ye S, Liu L, Zhang W, Wu M. Effect of topical nonsteroidal anti-
inflammatory drugs and nuclear hardness on maintenance of mydriasis 
during phacoemulsification surgery. J Ocul Pharmacol Ther. 2014;30:831–
6. https​://doi.org/10.1089/jop.2013.0244.

	15.	 Dube P, Boisjoly HM, Bazin R, Chamberland G, Laughrea PA, Dube I. 
Comparison of prednisolone acetate and indomethacin for maintaining 
mydriasis during cataract-surgery. Can J Ophthalmol Journal Canadien D 
Ophtalmologie. 1990;25:234–8.

	16.	 Mirshahi A, Djalilian A, Rafiee F, Namavari A. Topical administration of 
diclofenac (1%) in the prevention of miosis during vitrectomy. Retina. 
2008;28:1215–20. https​://doi.org/10.1097/IAE.0b013​e3181​7b6af​a.

	17.	 Jha R, Sur V, Bhattacharjee A, Ghosh T, Kumar V, Konar A, et al. Intra-
cameral use of nepafenac: safety and efficacy study. Curr Eye Res. 
2017;43:630–8. https​://doi.org/10.1080/02713​683.2017.14081​29.

	18.	 Smiddy WE, Glaser BM, Michels RG, Vitale S. Miosis during vitreoretinal 
surgery. Retina. 1990;10:42–6.

	19.	 Tanner V, Casswell AG. A comparative study of the efficacy of 2.5% phe-
nylephrine and 10% phenylephrine in pre-operative mydriasis for routine 
cataract surgery. Eye. 1996;10:95–8.

	20.	 Hargitai J, Vezendi L, Vigstrup J, Eisgart F, Lundbye-Christensen S, 
Hargitai B, et al. Comparing the efficacy of mydriatic cocktail-soaked 
sponge and conventional pupil dilation in patients using tamsulosin—a 
randomized controlled trial. BMC Ophthalmol. 2013;13:1–7. https​://doi.
org/10.1186/1471-2415-13-83.

	21.	 Torrón C, Calvo P, Ruiz-Moreno O, Leciñena J, Pérez-Iñigo A. Use of a new 
ocular insert versus conventional mydriasis in cataract surgery. Biomed 
Res Int. 2013;2013:849349. https​://doi.org/10.1155/2013/84934​9.

	22.	 Cakmak HB, Cagil N, Dal D, Simavli H, Arifoglu HB, Simsek S. Effects 
of intracameral use of adrenalin solution with preservative on cor-
neal endothelium. Cutan Ocul Toxicol. 2010;29:41–9. https​://doi.
org/10.3109/15569​52090​34335​17.

	23.	 Corbett MC, Richards AB. Intraocular adrenaline maintains mydriasis dur-
ing cataract surgery. Br J Ophthalmol. 1994;78:95–8.

	24.	 Ong-Tone L, Bell A. Pupil size with and without adrenaline with diclofenac 
use before cataract surgery. J Cataract Refract Surg. 2009;35:1396–400. 
https​://doi.org/10.1016/j.jcrs.2009.03.040.

	25.	 Jayamanne DG, Fitt AW, Wariyer R, Cottrell DG. Persistent tachycardia fol-
lowing subconjunctival injections of mydriatic agents (Mydricaine) used 
for maintenance of perioperative mydriasis in vitreoretinal surgery. Eye 
(Lond). 1995;9(Pt 4):530–1. https​://doi.org/10.1038/eye.1995.120.

	26.	 Steel DH, Thorn J. The incidence of systemic side-effects following sub-
conjunctival mydricaine no. 1 injection. Eye (Lond). 1999;13(Pt 6):720–2. 
https​://doi.org/10.1038/eye.1999.214.

	27.	 Keembiyage RD, Newland HS, Lai C. Tachycardia and myocardial ischae-
mia following subconjunctival injection of mydricaine (number 02) for 
vitrectomy procedure. Clin Exp Ophthalmol. 2005;33:105–6. https​://doi.
org/10.1111/j.1442-9071.2005.00960​.x.

	28.	 Pandit JC. Tachycardia and myocardial ischaemia following subconjuncti-
val injection of Mydricaine No. 2. Eye (Lond). 1994;8(Pt 5):599. https​://doi.
org/10.1038/eye.1994.145.

	29.	 Keembiyage RD, Raymond GL, Newland HS. Atrial fibrillation following 
subconjunctival injection of mydricaine number 02. Clin Exp Ophthalmol. 
2006;34:806–8. https​://doi.org/10.1111/j.1442-9071.2006.01331​.x.

https://doi.org/10.1089/108076801750295281
https://doi.org/10.1089/jop.1998.14.357
https://doi.org/10.3341/kjo.2015.29.3.147
https://doi.org/10.3341/kjo.2015.29.3.147
https://doi.org/10.1111/aos.12998
https://doi.org/10.1111/aos.12998
https://doi.org/10.1016/j.jcrs.2016.03.001
https://doi.org/10.1016/j.jcrs.2016.03.001
https://doi.org/10.2147/OPTH.S47569
https://doi.org/10.2147/OPTH.S47569
https://doi.org/10.1089/jop.2011.0090
https://doi.org/10.1111/j.1755-3768.2011.02378.x
https://doi.org/10.1016/j.jcrs.2015.10.053
https://doi.org/10.1089/jop.2013.0244
https://doi.org/10.1097/IAE.0b013e31817b6afa
https://doi.org/10.1080/02713683.2017.1408129
https://doi.org/10.1186/1471-2415-13-83
https://doi.org/10.1186/1471-2415-13-83
https://doi.org/10.1155/2013/849349
https://doi.org/10.3109/15569520903433517
https://doi.org/10.3109/15569520903433517
https://doi.org/10.1016/j.jcrs.2009.03.040
https://doi.org/10.1038/eye.1995.120
https://doi.org/10.1038/eye.1999.214
https://doi.org/10.1111/j.1442-9071.2005.00960.x
https://doi.org/10.1111/j.1442-9071.2005.00960.x
https://doi.org/10.1038/eye.1994.145
https://doi.org/10.1038/eye.1994.145
https://doi.org/10.1111/j.1442-9071.2006.01331.x

	Subconjunctival 0.1% epinephrine versus placebo in maintenance of mydriasis during vitrectomy: a randomized controlled trial
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusion: 
	Trial registration: 

	Background
	Methods
	Results
	Discussion
	Conclusions
	Authors’ contributions
	References




