
Case Reports in
Ophthalmology

Case Rep Ophthalmol 2023;14:301–306
DOI: 10.1159/000530401
Received: June 4, 2022
Accepted: March 20, 2023
Published online: July 10, 2023

© 2023 The Author(s).
Published by S. Karger AG, Basel
www.karger.com/cop

This article is licensed under the Creative Commons Attribution-NonCommercial 4.0 International License
(CC BY-NC) (http://www.karger.com/Services/OpenAccessLicense). Usage and distribution for commercial
purposes requires written permission.

Case Report

Orbital Gas after 25-Gauge Pars Plana
Vitrectomy with Incorrect Gas Mixture
Noy Ashkenazya, b Carl J. Danzigc, d Andrew J. Ronga Sarah P. Reada, e

Michelle M. Maenga Harry W. Flynn Jr.a Thomas A. Albinia

aDepartment of Ophthalmology, Bascom Palmer Eye Institute, University of Miami Miller
School of Medicine, Miami, FL, USA; bUniversity of Texas Southwestern Medical Center, Dallas,
TX, USA; cRand Eye Institute, Deerfield Beach, FL, USA; dCharles E. Schmidt School of Medicine,
Florida Atlantic University, Boca Raton, FL, USA; eRetina Consultants of Hawaii, Honolulu, HI, USA

Keywords
Retrobulbar gas · Orbital decompression · Small-gauge pars plana vitrectomy · Vitreoretinal
surgery

Abstract
We present 2 cases of sutureless 25-gauge pars plana vitrectomy and fluid-gas exchange, in
which incorrect gas concentrations likely led to elevated intraocular pressures and retrobulbar
gas. Combined removal of orbital gas with anterior orbitotomy and pars plana vitrectomy was
performed in the first case to address expanding intraocular and retrobulbar gas resulting from a
suspected error in gas dilution. Vitreous and orbital gas removal by needling was effective in the
second case. In patients with elevated intraocular pressure and orbital gas accumulation after
vitrectomy, combined intraocular and orbital decompressions were effective in optimizing
clinical outcomes. There is no consensus regarding the best management of orbital gas after
vitrectomy.We propose that amultidisciplinary technique should be considered, when available.

© 2023 The Author(s).

Published by S. Karger AG, Basel

Introduction

Perfluoropropane (C3F8) and sulfur hexafluoride (SF6) gases are common internal
tamponade agents used in routine vitreoretinal surgery. Intraocular gas expansion has
been reported to lead to gas migration into the anterior chamber, subretinal, intracranial,
subconjunctival, and retrobulbar spaces [1–6]. Pure intravitreal C3F8 quadruples and pure
SF6 gas doubles in 3–4 days [1, 7]. Incorrect concentration of diluted gas is generally thought
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to be related to a suspected error in gas mixture or the presence of highly soluble nitrous
oxide-based anesthesia allowing for rapid gas expansion of the gas/air mixture. Retrobulbar
gas is rare in the era of microincisional vitrectomy but can occur in the setting of incomplete
sclerotomy closures [8]. Potential complications of expandable gases include increased
intraocular pressure (IOP), vision loss, and orbital compartment syndrome [9]. We herein
describe 2 patients in whom retrobulbar gas following vitreoretinal surgery required urgent
orbital gas removal. Neither of these patients received nitrous oxide-based anesthesia during
vitreoretinal surgery, and neither case had evidence of a retrobulbar hemorrhage at the time
of regional anesthesia. A retrospective case review of two clinical cases was performed. The
methods were conducted in compliance with the tenants of the Declaration of Helsinki. The
CARE Checklist has been completed by the authors for this case report, attached as online
supplementary material (for all online suppl. material, see https://doi.org/10.1159/
000530401).

Case 1

A 63-year-old female developed right eyelid swelling since postoperative day (POD) 1,
following sutureless 25-gauge pars plana vitrectomy and C3F8 gas (intended to be 10%by the
referring provider) for macular hole repair in the right eye, under monitored anesthesia care.
Emergency department evaluation on POD5 resulted in treatment for suspected orbital
cellulitis with oral amoxicillin-clavulanate, prednisone, acetazolamide, and lateral
canthotomy/cantholysis. The patient was seen at our facility on POD6 due to progressive,
painful proptosis. IOP was 55 mm Hg in the right eye (OD) and 18 mm Hg in the left eye (OS).
Visual acuities (VAs) were counting fingers OD and 20/40 OS. The pupil OD was poorly
reactive. Extraocular motions OD were restricted in all directions. Corneal haze, subcon-
junctival gas, and periorbital crepitus were present OD (Fig. 1). The anterior chamber was
shallow. There was no retinal detachment or choroidals on B-scan.

Topical glaucoma drops and a vitreous tap removing 0.3 cc of gas decreased the IOP to
30 mm Hg OD. An orbital CT demonstrated the presence of intra- and extraconal orbital gas,
proptosis, and no subperiosteal abscess (Fig. 2a, b). A bedside orbital gas removal by needle
tap was not believed to be adequate to evacuate the gas in the setting of significant periocular
soft tissue swelling. The following day, the patient underwent a right anterior orbitotomywith
gas removal, lower eyelid canthotomy with cantholysis, followed by suturing of the original
sclerotomies, a 25-gauge sutured pars plana vitrectomy, and evacuation of intraocular gas.
Detailed technique is shown in the online supplementary video and described in online
Supplementary Materials section.

On POD1, IOP was 16 mm Hg OD and the macular hole appeared closed. At 4 months of
follow-up, best-corrected VA improved to 20/20 OD after cataract surgery. The cup-to-disk
ratio was 0.6 OD and 0.3 OS.

Case 2

A 29-year-old female with a left-sided traumatic cavernous-carotid fistula, status post-
coiling, developed ocular ischemic syndrome as well as a tractional retinal detachment,
hyphema, and vitreous hemorrhage OS, requiring multiple intravitreal anti-vascular endo-
thelial growth factor injections and panretinal photocoagulation treatments. She underwent
sutureless 25-gauge pars plana vitrectomy, membrane peeling, endolaser, fluid-air exchange,
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and presumed 20% SF6 gas injection OS, undermonitored anesthesia care without immediate
surgical complications.

On POD1, VA was hand motions and IOP was 51 mm Hg OS. Vitreous gas removal by
needle tap reduced the IOP to 11mmHg, and glaucoma drops were started. On POD2, IOPwas
40 mm Hg OS with proptosis and limited extraocular motions, concerning for orbital
compartment syndrome. Hertel exophthalmometry was 17 and 21 mm OD and OS, respec-
tively. An urgent magnetic resonance imaging of the brain and orbits revealed the presence of
intraconal gas (Fig. 2c, d). An orbital gas removal using a 25-gauge needle on an open syringe
through the inferior fornix, similar to a retrobulbar block, reduced the IOP to 8 mm Hg and
Hertel to 18 mm OS. The needle was inserted in the fornix until the orbital and ocular
pressures normalized by palpation. The IOP was maintained at 22 mm Hg on glaucoma drops
3 weeks later, and VA improved to 20/200 OS. The patient was lost to follow-up for 2 months
and returned with IOP of 41 mm Hg due to neovascular glaucoma and tractional retinal
detachment OS. She underwent pars plana vitrectomy, membrane peeling, silicone oil
injection, and cyclophotocoagulation. Final VA OS 8 months later was light perception,
and IOP was 13.

Discussion

Complications related to intraocular gas tamponades used in vitreoretinal surgery occur
in conjunction with dilutional errors or general anesthesia using nitrous oxide, the latter of
which did not apply to our patients [1, 9]. A high clinical suspicion for errors in gas dilution is
needed to make an accurate diagnosis, and this error may be mitigated by implementing a
time-out prior to gas exchange. In case 1, there was a full vitreous gas fill 6 days after macular
hole repair, even though the half-life of 10% C3F8 is 6.5 days [1]. Therefore, it was suspected
that a more concentrated gas than the reported 10% was used. Roth and Ballintine [1]
described a similar case of vitreous gas expansion into retrobulbar spaces after sutureless 23-
gauge macular hole surgery. Incorrectly diluted 16% C3F8 led to an IOP of 86 mm Hg and

Fig. 1. External photograph showing subconjunctival gas (arrow) and periorbital edema, clinically consistent
with extraocular gas expansion into the orbit and periorbital tissues.
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limited extraocular motility. The authors managed the complication with surgical decom-
pression of the globe, although their technique was not detailed [1].

Orbital cellulitis was on the differential diagnosis in over 31% of 16 patients in the largest
published series of orbital emphysema following vitreoretinal surgery by Enriquez et al. [2].
Orbital emphysema after vitrectomy has also been described in the setting of disrupted
pressurized infusion devices in globe penetration [10] and following fluid-air exchange in
patients with orbital fracture [2, 11]. The patient in case 1 was initially suspected of orbital
cellulitis, and the patient was sent to the emergency department for urgent management.
Kumar et al. [3] published a similar case of retrobulbar gas masquerading as orbital cellulitis
in a patient treated with incorrectly diluted 16% perfluoroethane gas following a rhegma-
togenous retinal detachment repair with sutureless 23-gauge pars plana vitrectomy. It was
only after review of the magnetic resonance imaging by the referring physician that cellulitis
was deemed less likely, given the presence of retrobulbar and intraorbital gas and the absence
of sinus disease or endophthalmitis.

The literature details various management strategies for orbital emphysema, including
external pressure patching of the eye, trans-palpebral drainage or needling, hyperbaric
oxygen therapy to eliminate nitrogen from tissues, and surgical decompression [2, 4, 7].

a b

c d

Fig. 2. Axial (a) and coronal (b) views of orbital CT show extensive right-sided orbital gas and complete
vitreous gas fill, with intra- and extraconal gas and tomographic evidence of proptosis in case 1. There
was extensive orbital and periorbital emphysema dissecting and expanding between most of the tissue
planes in the nondependent right orbit. Nerve compression resulted from the retrobulbar mass effect
from this gas, which led to marked proptosis of the right globe on the CT scan. There were no bony
fractures. Axial (c) and coronal (d) section of the orbital MRI shows an intraocular gas meniscus
following a vitreous gas removal by needle expression, as well as intraconal gas, which was sub-
sequently managed with needle expression of orbital gas until the IOP normalized to palpation, in case
2. MRI, magnetic resonance imaging.
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Despite these individual case reports, the literature lacks consistent management guidelines
regarding the superiority of different treatmentmodalities and final visual outcomes. Vitreous
gas removal alone does not address the rise in orbital pressure resulting from expanding
retrobulbar gas. Orbital needling, a minimally invasive decompression technique utilized in
case 2, is useful in select cases to reduce the proptosis and IOP associated with orbital
emphysema [12–14]. Managing orbital gas through a multidisciplinary intraocular- and
orbital-surgical approach can be effective when adequate IOP reduction cannot be achieved
conservatively. This approach likely optimized visual outcome in our cases; case 1 achieved an
excellent visual outcome, while case 2 had visual potential limited by other ocular
comorbidities.

In the era of sutureless vitrectomy with microincisional instrumentation, prompt man-
agement of complications related to retrobulbar gas migration is important in reducing visual
morbidity. Final VAs following orbital gas removal in the Enriquez et al. [2] study ranged from
20/40 to no light perception, with nearly 63% experiencing an objective decline in best-
corrected VA and over 74% having a final vision of 20/200 or worse. Visual field defects and
nerve fiber layer damage occur after retrobulbar gas, caused by vascular compromise and
direct compressive damage to the optic nerve [1, 6].

In conclusion, retrobulbar gas following vitreoretinal surgery can cause postoperative
IOP elevation and may resemble orbital cellulitis. High clinical suspicion and orbital imaging
are needed for early diagnosis and management. We show that combined intraocular and
orbital gas removal using needling or surgical methods can be effective treatment options.
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