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REVIEW/UPDATE

Perioperative considerations and
anesthesia management in patients with

obstructive sleep apnea undergoing ophthalmic
surgery

Oya Y. Cok, MD, Edwin Seet, MB BS, MMed, Chandra M. Kumar, MB BS, FFARCS, FRCA,
Girish P. Joshi, MB BS, MD, FFARCSI

Obstructive sleep apnea (OSA) is a disorder characterized by
breathing cessation caused by obstruction of the upper airway
during sleep. It is associated with multiorgan comorbidities such
as obesity, hypertension, heart failure, arrhythmias, diabetes mel-
litus, and stroke. Patients with OSA have an increased prevalence
of ophthalmic disorders such as cataract, glaucoma, central se-
rous retinopathy (detachment of retina, macular hole), eyelid laxity,
keratoconus, and nonarteritic anterior ischemic optic neuropathy;
and some might require surgery. Given that OSA is associated
with a high incidence of perioperative complications and more

than 80% of surgical patients with OSA are unrecognized, all sur-
gical patients should be screened for OSA (eg, STOP-Bang ques-
tionnaire) with comorbidities identified. Patients suspected or
diagnosed with OSA scheduled for ophthalmic surgery should
have their comorbid conditions optimized. This article includes a
review of the literature and highlights best perioperative anes-
thesia practices in the management of ophthalmic surgical pa-
tients with OSA.

J Cataract Refract Surg 2019; 45:1026–1031Q 2019 ASCRS and ESCRS

Obstructive sleep apnea (OSA) is characterized by
breathing cessation caused by obstruction of the
upper airway during sleep. The estimated preva-

lence of OSA is approximately 5% in the adult population,
and it is increasing in tandem with obesity and older age.1

It is associated with multiorgan comorbidities such as
obesity, hypertension, heart failure, arrhythmias, diabetes
mellitus, and stroke.2 Most patients with OSA are unrec-
ognized before surgery, thus putting them at increased
risk for perioperative complications.3 Therefore, all surgi-
cal patients with suspected OSA, including those present-
ing for ophthalmic surgery, require screening and
preoperative evaluation.3 Patients with known or sus-
pected OSA require a tailored intraoperative and postoper-
ative anesthetic management to avoid perioperative
adverse events. This article reviews the interaction of
ophthalmic disorders with OSA and explores best periop-
erative anesthesia care in the management of ophthalmic
surgery in patients with OSA.

OPHTHALMIC DISORDERS IN PATIENTS WITH
OSA
Patients with OSA might present with accompanying
ophthalmic disorders requiring surgery such as cataract,

glaucoma, and detachment of retina and macular hole.4,5

The patients with OSA might also have concurrent patho-
logical conditions involving reduced ocular blood flow,
nonarteritic anterior ischemic optic neuropathy, and retinal
vein occlusion,6–8 which might have relevance to
anesthesia.
Severe OSA causes an increase in intraocular pressure

(IOP) and a decrease in flow velocity in the retrobulbar
circulation.9 Several morphological and functional
changes occur at the microvascular level in OSA patients.
Kato et al.10 suggest that there is decreased nitric oxide
excretion or decreased capillary response to nitric oxide
that might cause marked endothelial damage and dysfunc-
tion in the advanced stages of OSA. Ocular hemodynamic
autoregulatory mechanisms are impaired because of
increased IOP in severe OSA. High IOP and low ocular
blood flow can be hazardous to eyes, especially those
with compromised ocular and optic nerve head circulation
such as in glaucoma or ischemic optic neuropathy.11 Of
note, a prolonged supine position can increase IOP,12

and this might increase surgical complications. A meta-
analysis involving 2 288 701 participants13 suggested an
association of OSA with glaucoma. Another meta-
analysis of 12 studies14 demonstrated that patients with
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OSA, relative to those without, have an increased odds ra-
tio (1.24) of a comorbid glaucoma diagnosis. From these
large sample size meta-analyses, one could conclude that
there seems to be an association of OSA with glaucoma.15

Intermittent hypoxia, changes in sleep architecture,
increased sympathetic tone, inflammation, oxidative
stress, and hypercapnia might have a role.15 In patients
with unrecognized OSA, a rise in IOP during anesthesia
can have deleterious effects, potentially resulting in a glau-
coma crisis and surgical failure. Thus, it has been sug-
gested that OSA patients with concomitant glaucoma
and progressing neuropathy be treated regardless of the
IOP reading.9

Central serous retinopathy, such as detachment of retina
and macular hole, are idiopathic detachments of the retina
secondary to serous fluid collection beneath the retina. The
apneic and hypopneic episodes for OSA patients are associ-
ated with increased levels of circulating catecholamines
(adrenaline and noradrenaline). These cause endothelial
dysfunction on the blood–retinal barrier, which could
lead to the accumulation of subretinal serous fluid.4,16

Urgent and prolonged surgery will usually be required in
this situation. The modality of anesthesia (general versus
regional anesthesia) used might vary; the surgeon’s prefer-
ence and the complexity and duration of the surgery play
important roles in the decision.
Nearly 37% of OSA patients have retinal vein occlusion

(RVO),17 and RVO is a common cause of blindness from
vascular disease in the retina.18,19 Patients who suffer
RVO typically describe visual loss after awakening, either
centrally or peripherally, depending on the vascular area
of involvement.18 The pathogenesis of RVO remains un-
clear. It possibly results frommultifactorial variables, which
include the slowdown of retinal circulation, that aggravate
the vicious circle of local hyperviscosity, leading to the
occlusion of the capillary bed.19 In addition to other
well-known risk factors of RVO, including ageing, arterial
hypertension, and glaucoma, OSA has also been blamed.20

Although RVOs are rare, visually devastating complications
of periorbital anesthesia have been reported.21,22

Patients with OSA also suffer from eyelid laxity, and thus
might have chronic papillary conjunctivitis, chronic ocular
irritation, or floppy eyelid syndrome, requiring surgical
correction.23 Eyelid surgery is usually performed under
local anesthetic infiltration.
Keratoconus is characterized by conical steepening and

thinning of the cornea and its prevalence is high in patients
with OSA.24 The patients with keratoconus are usually
young and require general anesthesia for corneal
transplantation.
Anesthetic management significantly influences the

changes in IOP throughout the perioperative period, and
strategies to safeguard retinal perfusion, reduce the
ischemic risk, and minimize the potential for expulsive
bleeding must be central to the anesthetic techniques
selected.25 Several well-known factors during general anes-
thesia (laryngoscopy, coughing bucking, postoperative
nausea and vomiting, etc.) can increase IOP.25 Those with

preexisting compromised ocular blood flow are especially
vulnerable to intraoperative ischemia, including those
with hypertension, diabetes, atherosclerosis, or glaucoma.25

Considering the comorbid conditions of OSA and the haz-
ards of general anesthesia, regional anesthesia is
preferred.26

The needle-based (peribulbar) block is known to increase
IOP immediately after injection.27 The canula-based (sub-
Tenon) block appears to have less of an effect or no effect
on IOP.28,29 Both needle-based as well as cannula-based
blocks have been associated with ischemic complications,
such as central retinal vascular occlusion, optic atrophy,
and ischemic optic neuropathy.30,31 Any impairment of
pulsatile ocular blood flow after orbital regional anesthesia
can have deleterious effects on retinal circulation and
compromise vision, especially in elderly patients whomight
have associated vascular occlusive disorder.31 During
regional anesthesia, any accumulation of carbon dioxide
under the surgical drape should be avoided32 because pa-
tients with OSA usually have higher carbon dioxide in the
blood and any further increase in carbon dioxide could be
deleterious.

PREOPERATIVE CONSIDERATIONS
Given that OSA is associated with a high incidence of peri-
operative complications and more than 80% of surgical pa-
tients with OSA are undiagnosed, the Society for
Ambulatory Anesthesia33 and the Society of Anesthesia
and Sleep Medicine (SASM)3 preoperative guidelines
recommend that all surgical patients are screened for
OSA. Multiple OSA screening tools are available to help
identify individuals with OSA, including the Berlin ques-
tionnaire, P-SAP (perioperative sleep apnea prediction)
score, the American Society of Anesthesiologist checklist,
and others.3 The STOP-Bang (snoring, tiredness, observed
apnea, high blood pressure, body mass index, age, neck
circumference, and male gender) questionnaire is recom-
mended because it is easy to use and has been studied the
most in surgical populations.3 STOP-Bang is a concise 8-
point mnemonic that evaluates parameters on patients’
symptoms and physical characteristics (Table 1).34 Initially,
a STOP-Bang score of 3 or more was suggested to assign a
risk for OSA.34 However, it was later recommended that
scores of 5 or more should be used to determine the risk
for OSA because they are associated with the greater prob-
ability of moderate-to-severe OSA35 and reported to predict
intraoperative and early postoperative adverse events dur-
ing urgent and elective surgeries.36 Of note, these did not
include lower risk ophthalmic operations.36

A meta-analysis35 found that patients with a high risk for
OSA on the STOP-Bang scoring have greater odds of post-
operative adverse events and longer hospital stays
compared with patients who have a low risk for OSA on
STOP-Bang scoring. There is, however, a dearth of litera-
ture regarding the validity of the OSA screening tool in
ophthalmic surgery.
Patients with known or suspected OSA should be as-

sessed for potential difficult mask ventilation and tracheal
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intubation.37 The morphological characteristics are similar
for OSA and the difficult airwaydwith a reduction in the
skeletal structure size and/or an increase in oropharyngeal
soft tissue, leading to pharyngeal anatomical imbalance.
OSA patients should be evaluated for comorbid condi-

tions, which should be optimized before elective surgery.33

There is a strong association between OSA and obesity, with
70% of patients with a body mass index above 40 kg/m2

having OSA.38 Ophthalmic surgeries are mostly performed
in an ambulatory environment and the patients are ex-
pected to be discharged from the hospital at the end of
the operation. Patients with a body mass index greater
than 50 kg/m2 appear to be at higher risk for post-
discharge readmission; therefore, caution is advised when
including these patients for ambulatory surgery, in partic-
ular, for those who require general anesthesia.39

There is no clear evidence to suggest that delaying a pro-
cedure to obtain a sleep study and initiate positive airway
pressure (PAP) therapy (eg, continuous positive airway
pressure [CPAP] mask) would improve perioperative out-
comes.33 However, any comorbidities must be optimized,
and patients on CPAP should be able to use it after
discharge.33

INTRAOPERATIVE CONSIDERATIONS
Same-day discharge ophthalmic surgery under local anes-
thesia is now preferred by most patients, surgeons, and an-
esthesiologists because it is associated with the least
disruption to the patient’s normal activity.40,41 Overall,
the requirement for anesthesia in ophthalmic surgery is
usually low, with many cases being amenable to topical
and regional techniques on an ambulatory basis. Occasion-
ally, general anesthesia might be necessary because of
surgical-related or patient-related (eg, dementia)
considerations.42

General Anesthesia
General anesthesia might be the technique of choice
because of surgical-related and patient-related consider-
ations. OSA patients presenting for surgery who receive

general anesthesia might be at risk for perioperative com-
plications because anesthetic and analgesic agents reduce
central respiratory drive, blunt airway protective reflexes,
and arousal responses. A recent systematic review of 61
studies, in excess of 410 000 OSA patients and more than
8.5 million controls demonstrated that OSA was associated
with increased postoperative pulmonary complications, de-
saturation and intubation, atrial fibrillation, and postoper-
ative delirium3; albeit these have not been demonstrated in
the context of lower risk ophthalmic surgery.
Anesthetic management significantly influences the

changes in IOP throughout the perioperative period and
strategies to safeguard retinal perfusion, reduce the
ischemic risk, and minimize the potential for expulsive
bleeding must be central to the anesthetic techniques
selected.25 Several well-known factors during general anes-
thesia (laryngoscopy, coughing bucking, postoperative
nausea and vomiting, etc.) can increase IOP.25 Those with
preexisting compromised ocular blood flow are especially
vulnerable to intraoperative ischemia, including those
with hypertension, diabetes, atherosclerosis, or glaucoma.25

Considering the comorbid conditions of OSA and the haz-
ards of general anesthesia, regional anesthesia is
preferred.26

Identifying OSA patients and instituting risk mitigation
measures would help to ameliorate adverse outcomes.
The SASM, the American Society of Anesthesiologists, the
Canadian Anesthesiologists’ Society, and others provide
guidance for optimal intraoperative management of adult
patients with OSA.2,37,43,44

General measures include anticipating possible difficult
airway and making adequate preparations such as preoxy-
genation (head-up position, application of CPAP), using
video laryngoscopes or other airway adjuncts, and adopting
the ramp (head elevated laryngoscopy) position if the pa-
tient is obese.44 Short-acting anesthetic agents (eg, remifen-
tanil and desflurane) are preferred. Opioids are avoided or
minimized both intraoperatively and postoperatively.37,45

In addition, opioids are not the favored drugs for
ophthalmic anesthesia practice because of its emetogenic

Table 1. STOP-Bang Questionnaire and scoring algorithm for OSA in the general population.*

Issue Question

Answer†

Yes No

Snoring Do you snore loudly (loud enough to be heard through closed doors or your bed-partner elbows you for snoring

at night)?

Tired Do you often feel tired, fatigued, or sleepy during the daytime (such as falling asleep during driving)?

Observed Has anyone observed you stop breathing or choking/gasping during your sleep?

Pressure Do you have or are being treated for high blood pressure?

BMI BMI more than 35 kg/m2?

Age Age older than 50 years?

Neck size Neck size large? (Measured around Adam’s apple) Circumference greater than 40 cm or 16 inches?

Gender Gender Z Male?

BMIZ body mass index; OSAZ obstructive sleep apnea; STOP-BangZ snoring, tiredness, observed apnea, high blood pressure, body mass index, age,
neck circumference, and male gender
*Proprietary to University Health Network (Toronto, ON, Canada). Reprinted with permission
†Risk for OSA: LowZ yes 0 to 2 questions; moderateZ yes to 3 to 4 questions; highZ yes to 5 to 8 questions, or yes to 2 or more of 4 STOP questionsCmale
gender, or yes to 2 or more of 4 STOP questions C BMI O35 kg/m2, or yes to 2 or more of 4 STOP questions C neck circumference O40 cm or 16 inches
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effects, which can also jeopardize postoperative globe integ-
rity. Multimodal analgesia with alternatives such as para-
cetamol, nonsteroidal antiinflammatory drugs,
cyclooxygenase-2 specific inhibitors, tramadol, and dexa-
methasone have the desired analgesic effects.44 Notably,
most ophthalmic surgical procedures are associated with
anticipated mild-to-moderate postoperative pain. Residual
muscle paralysis should be monitored intraoperatively
and reversed with appropriate doses of reversal agents.37

Current evidence does not favor a particular reversal agent
(ie, sugammadex versus neostigmine). Extubation and re-
covery should be performed preferably in a 20-degree to
30-degree upright position after determining patient coop-
eration and consciousness if the ophthalmic surgical condi-
tion allows.

Regional Anesthesia, Monitored Anesthesia Care, and
Sedation
Most routine ophthalmic surgical procedures can be safely
performed under regional anesthesia (ophthalmic needle
and cannula blocks) or topical anesthesia without sedation;
although preferences and practices vary around the
world.40 Prerequisites include cooperation from the patient
and the ability to lie supine, absence of claustrophobia, and
uncomplicated short duration ophthalmic procedure.
Several advantages of regional anesthesia exist, including
obviating the requirement for the management of potential
difficult airway with its accompanying postintubation
edema and effective postoperative surgical analgesia. A sys-
tematic review of 6 observational studies suggested
improved postoperative outcomes when regional anes-
thesia was compared with general anesthesia; albeit in the
context of the non-ophthalmology cohort.37

Both needle-based as well as cannula-based blocks have
been associated with complications,46,47 including central
retinal vascular occlusion, optic atrophy, and ischemic optic
neuropathy.30,31 The needle-based (peribulbar) block is
known to increase IOP immediately after injection.27 The
canula-based (sub-Tenon) block appears to have less of
an effect or no effect on IOP.28,29 These blocks could cause
impairment of pulsatile ocular blood flow and have delete-
rious effects on retinal circulation, compromising vision,
especially in elderly patients who might have associated
vascular occlusive disorder.31 During regional anesthesia
any accumulation of carbon dioxide under the surgical
drape32 should be avoided because patients with OSA usu-
ally have higher carbon dioxide in the blood and any further
increase in carbon dioxide could be deleterious.
Sedative-hypnotics and opioids are sometimes adminis-

tered with ophthalmic blocks and topical anesthesia; how-
ever, they should be used with caution and in lower doses
because OSA patients are susceptible to their respiratory
depression and upper airway obstruction effects. Airway
obstruction can trigger unintentional movements through
snoring, choking, gasping, and deep obstructed breathing.
Also, even low doses of sedative-hypnotics and opioids
could blunt hypoxia and hypercarbia, which further exacer-
bate the IOP rise. Intravenous benzodiazepine sedation is

known to result in upper airway collapse and airway
compromise in susceptible patients with coexisting OSA.
Continuous propofol and remifentanil infusion have also
been used during cataract surgery while the patients breathe
spontaneously through their own CPAP equipment.26

Drugs that do not decrease upper airway muscle activity
and that have a favorable respiratory profile might be
preferred, including low-dose ketamine and a2-adrenergic
agents such as dexmedetomidine. These agents have also
been promoted for some ophthalmic cases because of their
positive effect on postoperative cognitive functions and in-
traoperative optimum sedation.40,46–50 The SASM guide-
lines on intraoperative management of patients with
OSA, however, state that the evidence on the impact of
these agents specifically in OSA is lacking.37

Appropriate intraoperative monitoring should include
continuous oximetry and capnography.41,43 Patients with
severe OSA might consider using their own PAP devices
or oral appliances during the procedure. Of note, the former
will potentially hinder the conduct of ophthalmic surgery.
Timely conversion to general anesthesia to ensure safe
airway management and avoidance of hypoxia and hyper-
capnia should avoid related ophthalmic complications.

POSTOPERATIVE CONSIDERATIONS
The postoperative care and readiness for discharge in OSA
patients can be challenging in an ambulatory setting. OSA
patients should be carefully monitored in the recovery
unit and observed for desaturation and apneic and bradyp-
neic episodes.43,44 If required, oxygen supplementation can
be administered until the patients’ baseline saturations on
room air are maintained. Oxygen therapy can prolong
apneic episodes in OSA patients by raising arterial oxygen
pressure; thus, detection of hypopnea or apnea might be de-
layed. A recent prospective randomized controlled trial in
postoperative surgical patients with newly diagnosed un-
treated OSA compared supplemental oxygen via nasal
prongs versus no oxygen as a control.51 Interestingly, oxy-
gen therapy was found to decrease the postoperative apnea–
hypopnea index and improve oxygenation, without
increasing the incidence of hypercarbia.51

In patients using PAP therapy before the surgery, these
devices should be used when the patient is transferred to
the recovery area as soon as the patient is able to coop-
erate.33 However, use of PAP therapy sometimes can be
ineffective or challenging because of altered ocular anatomy
after surgery such as bilateral placement of Jones tubes for
dacryostenosis.52,53 The patients might complain of air
leakage to the eye from nose with high pressure from
PAP equipment or they might subsequently present with
orbital emphysema.54–56 PAP devices have also been associ-
ated with dryness, excessive tearing, corneal ulceration.57,58

Discharge from the hospital should occur after the pa-
tient is no longer at significant risk for postoperative respi-
ratory depression. An indication of this is when patients can
maintain adequate oxygen saturation in an unstimulated
environment while breathing room air.43 In general, OSA
patients with optimized medical comorbidities, who have
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minimal opioid use and are compliant with PAP therapy,
should be able to return home after surgery.33 OSA patients
are more prone to apneic episodes after the second postop-
erative night, possibly because of rebound increase in the
rapid eye movement sleep. Attentive care should be
continued until the patient returns to a daily sleep routine.59

CONCLUSIONS
Increasing number of patients with OSA are expected to
undergo ophthalmic surgery. The majority of OSA patients
will be undiagnosed before surgery. Both ophthalmologists
and anesthesiologists should be aware of its impacts and
recognize perioperative problems to ensure safe care of
the patients with OSA during eye surgery. There is a paucity
of high-level evidence relating to anesthesia management in
patients with OSA undergoing ophthalmic surgery. Further
research in this field should be encouraged.
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31. Coşkun M, Da�glio�glu MC, Davran R, Ilhan N, Ilhan O, Ayhan Tuzcu E,
Ayintap E, Keskin U, Oks€uzH. Effects of sub-Tenon’s anaesthesia on ocular
hemodynamics. Can J Ophthalmol 2014; 49:141–144

32. Schlager A. Accumulation of carbon dioxide under ophthalmic drapes dur-
ing eye surgery: a comparison of three different drapes. Anaesthesia 1999;
54:690–694

33. Joshi GP, Ankichetty SP, Gan TJ, Chung F. Society for Ambulatory Anes-
thesia consensus statement on preoperative selection of adult patients
with obstructive sleep apnea scheduled for ambulatory surgery. Anesth An-
alg 2012; 115:1060–1068

34. Chung F, Yegneswaran B, Liao P, Chung SA, Vairavanathan S, Islam S,
Khajehdehi A, Shapiro CM. Validation of the Berlin questionnaire and Amer-
ican Society of Anesthesiologists checklist as screening tools for obstruc-
tive sleep apnea in surgical patients. Anesthesiology 2008; 108:822–830

35. Nagappa M, Patra J, Wong J, Subramani Y, Singh M, Ho G, Wong DT,
Chung F. Association of STOP-Bang questionnaire as a screening tool
for sleep apnea and postoperative complications: a systematic review
and Bayesian meta-analysis of prospective and retrospective cohort
studies. Anesth Analg 2017; 125:1301–1308

36. Seet E, Chua M, Liaw CM. High STOP-BANG questionnaire scores predict
intraoperative and early postoperative adverse events. Singapore Med J
2015; 56:212–216

37. Memtsoudis SG, Cozowicz C, Nagappa M, Wong J, Joshi GP, Wong DT,
Doufas AG, Yilmaz M, Stein MH, Krajewski ML, Singh M, Pichler L,
Ramachandran SK, Chung F. Society of Anesthesia and Sleep Medicine
guideline on intraoperative management of adult patients with obstructive
sleep apnea. Anesth Analg 2018; 127:967–987

38. Moon TS, Joshi GP. Are morbidly obese patients suitable for ambulatory
surgery? Curr Opin Anaesthesiol 2016; 29:141–145

39. Joshi GP, Ahmad S, RiadW, Eckert S, Chung F. Selection of obese patients
undergoing ambulatory surgery: a systematic review of the literature.
Anesth Analg 2013; 117:1082–1091

40. Kumar CM, Dodds C. Ophthalmic regional block. Ann AcadMed Singapore
2006; 35:158–167

41. Kumar CM, Eke T, Dodds C, Deane JS, El-Hindy N, Johnston RL, Kong KL,
McLure HA, Shah P, Tighe SQ, Vohra SB. Local anaesthesia for ophthalmic
surgerydnew guidelines from the Royal College of Anaesthetists and the
Royal College of Ophthalmologists. Eye (Lond) 2012; 26:897–898

42. Kumar CM, Seet E. Cataract surgery in dementia patients-time to recon-
sider anaesthetic options. Br J Anaesth 2016; 117:421–425

43. American Society of Anesthesiologists Task Force on Perioperative Man-
agement of patients with obstructive sleep apnea. Practice guidelines for

1030 REVIEW/UPDATE: OSA: OPHTHALMIC AND ANESTHETIC IMPLICATIONS

Volume 45 Issue 7 July 2019

http://refhub.elsevier.com/S0886-3350(19)30327-X/sref1
http://refhub.elsevier.com/S0886-3350(19)30327-X/sref1
http://refhub.elsevier.com/S0886-3350(19)30327-X/sref1
http://refhub.elsevier.com/S0886-3350(19)30327-X/sref2
http://refhub.elsevier.com/S0886-3350(19)30327-X/sref2
http://refhub.elsevier.com/S0886-3350(19)30327-X/sref3
http://refhub.elsevier.com/S0886-3350(19)30327-X/sref3
http://refhub.elsevier.com/S0886-3350(19)30327-X/sref3
http://refhub.elsevier.com/S0886-3350(19)30327-X/sref3
http://refhub.elsevier.com/S0886-3350(19)30327-X/sref3
http://refhub.elsevier.com/S0886-3350(19)30327-X/sref3
http://refhub.elsevier.com/S0886-3350(19)30327-X/sref3
http://refhub.elsevier.com/S0886-3350(19)30327-X/sref3
http://refhub.elsevier.com/S0886-3350(19)30327-X/sref4
http://refhub.elsevier.com/S0886-3350(19)30327-X/sref4
http://refhub.elsevier.com/S0886-3350(19)30327-X/sref4
http://refhub.elsevier.com/S0886-3350(19)30327-X/sref5
http://refhub.elsevier.com/S0886-3350(19)30327-X/sref5
http://refhub.elsevier.com/S0886-3350(19)30327-X/sref6
http://refhub.elsevier.com/S0886-3350(19)30327-X/sref6
http://refhub.elsevier.com/S0886-3350(19)30327-X/sref7
http://refhub.elsevier.com/S0886-3350(19)30327-X/sref7
http://refhub.elsevier.com/S0886-3350(19)30327-X/sref8
http://refhub.elsevier.com/S0886-3350(19)30327-X/sref8
http://refhub.elsevier.com/S0886-3350(19)30327-X/sref9
http://refhub.elsevier.com/S0886-3350(19)30327-X/sref9
http://refhub.elsevier.com/S0886-3350(19)30327-X/sref9
http://refhub.elsevier.com/S0886-3350(19)30327-X/sref9
http://refhub.elsevier.com/S0886-3350(19)30327-X/sref10
http://refhub.elsevier.com/S0886-3350(19)30327-X/sref10
http://refhub.elsevier.com/S0886-3350(19)30327-X/sref10
http://refhub.elsevier.com/S0886-3350(19)30327-X/sref10
http://refhub.elsevier.com/S0886-3350(19)30327-X/sref11
http://refhub.elsevier.com/S0886-3350(19)30327-X/sref11
http://refhub.elsevier.com/S0886-3350(19)30327-X/sref11
http://refhub.elsevier.com/S0886-3350(19)30327-X/sref12
http://refhub.elsevier.com/S0886-3350(19)30327-X/sref12
http://refhub.elsevier.com/S0886-3350(19)30327-X/sref12
http://refhub.elsevier.com/S0886-3350(19)30327-X/sref13
http://refhub.elsevier.com/S0886-3350(19)30327-X/sref13
http://refhub.elsevier.com/S0886-3350(19)30327-X/sref14
http://refhub.elsevier.com/S0886-3350(19)30327-X/sref14
http://refhub.elsevier.com/S0886-3350(19)30327-X/sref14
http://refhub.elsevier.com/S0886-3350(19)30327-X/sref15
http://refhub.elsevier.com/S0886-3350(19)30327-X/sref15
http://refhub.elsevier.com/S0886-3350(19)30327-X/sref16
http://refhub.elsevier.com/S0886-3350(19)30327-X/sref16
http://refhub.elsevier.com/S0886-3350(19)30327-X/sref17
http://refhub.elsevier.com/S0886-3350(19)30327-X/sref17
http://refhub.elsevier.com/S0886-3350(19)30327-X/sref17
http://refhub.elsevier.com/S0886-3350(19)30327-X/sref18
http://refhub.elsevier.com/S0886-3350(19)30327-X/sref18
http://refhub.elsevier.com/S0886-3350(19)30327-X/sref18
http://refhub.elsevier.com/S0886-3350(19)30327-X/sref18
http://refhub.elsevier.com/S0886-3350(19)30327-X/sref19
http://refhub.elsevier.com/S0886-3350(19)30327-X/sref19
http://refhub.elsevier.com/S0886-3350(19)30327-X/sref20
http://refhub.elsevier.com/S0886-3350(19)30327-X/sref20
http://refhub.elsevier.com/S0886-3350(19)30327-X/sref20
http://refhub.elsevier.com/S0886-3350(19)30327-X/sref21
http://refhub.elsevier.com/S0886-3350(19)30327-X/sref21
http://refhub.elsevier.com/S0886-3350(19)30327-X/sref21
http://refhub.elsevier.com/S0886-3350(19)30327-X/sref22
http://refhub.elsevier.com/S0886-3350(19)30327-X/sref22
http://refhub.elsevier.com/S0886-3350(19)30327-X/sref22
http://refhub.elsevier.com/S0886-3350(19)30327-X/sref23
http://refhub.elsevier.com/S0886-3350(19)30327-X/sref23
http://refhub.elsevier.com/S0886-3350(19)30327-X/sref24
http://refhub.elsevier.com/S0886-3350(19)30327-X/sref24
http://refhub.elsevier.com/S0886-3350(19)30327-X/sref25
http://refhub.elsevier.com/S0886-3350(19)30327-X/sref25
http://refhub.elsevier.com/S0886-3350(19)30327-X/sref26
http://refhub.elsevier.com/S0886-3350(19)30327-X/sref26
http://refhub.elsevier.com/S0886-3350(19)30327-X/sref26
http://refhub.elsevier.com/S0886-3350(19)30327-X/sref27
http://refhub.elsevier.com/S0886-3350(19)30327-X/sref27
http://refhub.elsevier.com/S0886-3350(19)30327-X/sref27
http://refhub.elsevier.com/S0886-3350(19)30327-X/sref28
http://refhub.elsevier.com/S0886-3350(19)30327-X/sref28
http://refhub.elsevier.com/S0886-3350(19)30327-X/sref28
http://refhub.elsevier.com/S0886-3350(19)30327-X/sref29
http://refhub.elsevier.com/S0886-3350(19)30327-X/sref29
http://refhub.elsevier.com/S0886-3350(19)30327-X/sref29
http://refhub.elsevier.com/S0886-3350(19)30327-X/sref29
http://refhub.elsevier.com/S0886-3350(19)30327-X/sref30
http://refhub.elsevier.com/S0886-3350(19)30327-X/sref30
http://refhub.elsevier.com/S0886-3350(19)30327-X/sref30
http://refhub.elsevier.com/S0886-3350(19)30327-X/sref30
http://refhub.elsevier.com/S0886-3350(19)30327-X/sref31
http://refhub.elsevier.com/S0886-3350(19)30327-X/sref31
http://refhub.elsevier.com/S0886-3350(19)30327-X/sref31
http://refhub.elsevier.com/S0886-3350(19)30327-X/sref31
http://refhub.elsevier.com/S0886-3350(19)30327-X/sref31
http://refhub.elsevier.com/S0886-3350(19)30327-X/sref31
http://refhub.elsevier.com/S0886-3350(19)30327-X/sref31
http://refhub.elsevier.com/S0886-3350(19)30327-X/sref32
http://refhub.elsevier.com/S0886-3350(19)30327-X/sref32
http://refhub.elsevier.com/S0886-3350(19)30327-X/sref32
http://refhub.elsevier.com/S0886-3350(19)30327-X/sref33
http://refhub.elsevier.com/S0886-3350(19)30327-X/sref33
http://refhub.elsevier.com/S0886-3350(19)30327-X/sref33
http://refhub.elsevier.com/S0886-3350(19)30327-X/sref33
http://refhub.elsevier.com/S0886-3350(19)30327-X/sref34
http://refhub.elsevier.com/S0886-3350(19)30327-X/sref34
http://refhub.elsevier.com/S0886-3350(19)30327-X/sref34
http://refhub.elsevier.com/S0886-3350(19)30327-X/sref34
http://refhub.elsevier.com/S0886-3350(19)30327-X/sref35
http://refhub.elsevier.com/S0886-3350(19)30327-X/sref35
http://refhub.elsevier.com/S0886-3350(19)30327-X/sref35
http://refhub.elsevier.com/S0886-3350(19)30327-X/sref35
http://refhub.elsevier.com/S0886-3350(19)30327-X/sref35
http://refhub.elsevier.com/S0886-3350(19)30327-X/sref36
http://refhub.elsevier.com/S0886-3350(19)30327-X/sref36
http://refhub.elsevier.com/S0886-3350(19)30327-X/sref36
http://refhub.elsevier.com/S0886-3350(19)30327-X/sref37
http://refhub.elsevier.com/S0886-3350(19)30327-X/sref37
http://refhub.elsevier.com/S0886-3350(19)30327-X/sref37
http://refhub.elsevier.com/S0886-3350(19)30327-X/sref37
http://refhub.elsevier.com/S0886-3350(19)30327-X/sref37
http://refhub.elsevier.com/S0886-3350(19)30327-X/sref38
http://refhub.elsevier.com/S0886-3350(19)30327-X/sref38
http://refhub.elsevier.com/S0886-3350(19)30327-X/sref39
http://refhub.elsevier.com/S0886-3350(19)30327-X/sref39
http://refhub.elsevier.com/S0886-3350(19)30327-X/sref39
http://refhub.elsevier.com/S0886-3350(19)30327-X/sref40
http://refhub.elsevier.com/S0886-3350(19)30327-X/sref40
http://refhub.elsevier.com/S0886-3350(19)30327-X/sref41
http://refhub.elsevier.com/S0886-3350(19)30327-X/sref41
http://refhub.elsevier.com/S0886-3350(19)30327-X/sref41
http://refhub.elsevier.com/S0886-3350(19)30327-X/sref41
http://refhub.elsevier.com/S0886-3350(19)30327-X/sref42
http://refhub.elsevier.com/S0886-3350(19)30327-X/sref42
http://refhub.elsevier.com/S0886-3350(19)30327-X/sref43
http://refhub.elsevier.com/S0886-3350(19)30327-X/sref43


the perioperative management of patients with obstructive sleep apnea: an
updated report by the American Society of Anesthesiologists Task Force on
Perioperative Management of patients with obstructive sleep apnea. Anes-
thesiology 2014; 120:268–286

44. Seet E, Chung F. Management of sleep apnea in adults – functional algo-
rithms for the perioperative period: continuing professional development.
Can J Anaesth 2010; 57:849–864

45. Chung F, Liao P, Elsaid H, Shapiro CM, Kang W. Factors associated with
postoperative exacerbation of sleep-disordered breathing. Anesthesiology
2014; 120:299–311

46. Kumar CM, Dowd TC. Complications of ophthalmic regional blocks: their
treatment and prevention. Ophthalmologica 2006; 220:73–82

47. Kumar CM, Eid H, Dodds C. Sub-Tenon’s anaesthesia: complications and
their prevention. Eye (Lond) 2011; 25:694–703

48. Bhadla S, Prajapati D, Louis T, Puri G, Panchal S, Bhuva M. Comparison
between dexmedetomidine and midazolam premedication in pediatric pa-
tients undergoing ophthalmic day-care surgeries. Anesth Essays Res 2013;
7:248–256

49. Heinmiller LJ, Nelson LB, Goldberg MB, Thode AR. Clonidine premedica-
tion versus placebo: effects on postoperative agitation and recovery time
in children undergoing strabismus surgery. J Pediatr Ophthalmol
Strabismus 2013; 50:150–154

50. Poorzamany Nejat Kermany M, Dahi M, Yamini Sharif R, Radpay B. Com-
parison of the effects of dexmedetomidine and remifentanil on cognition
state after cataract surgery. Anesth Pain Med 2016; 6:e33448

51. Liao P, Wong J, Singh M, Wong DT, Islam S, Andrawes M, Shapiro CM,
White DP, Chung F. Postoperative oxygen therapy in patients with OSA:
a randomized controlled trial. Chest 2017; 151:597–611

52. Cannon PS, Madge SN, Selva D. Air regurgitation in patients on continuous
positive airway pressure (CPAP) therapy following dacrocystorhinostomy
with or without Lester-Jones tube insertion. Br J Ophthalmol 2010;
94:891–893

53. Mezzana P, Marabottini N, Scarinci F, Pasquini P. An unusual case of
conjunctival irritation and epiphora following external dacryocystorhinos-
tomy. J Laryngol Otol 2011; 125:1073–1074

54. Longmire MR, Carter KD, Allen RC. Intolerance of Jones tube placement in
a patient using continuous positive airway pressure. Ophthalmic Plast Re-
constr Surg 2010; 26:68–69

55. Singh NP, Walker RJE, Cowan F, Davidson AC, Roberts DN. Retro-
grade air escape via the nasolacrimal system: a previously unrecog-
nized complication of continuous positive airway pressure in the
management of obstructive sleep apnea. Ann Otol Rhinol Laryngol
2014; 123:321–324

56. Ginat DT, Freitag SK. Orbital emphysema complicating Jones tube place-
ment in a patient treated with continuous positive airway pressure.
Ophthalmic Plast Reconstr Surg 2015; 31:e25

57. Stauffer JL, Fayter N, MacLurg BJ. Conjunctivitis from nasal CPAP appa-
ratus. Chest 1984; 86:802

58. Harrison W, Pence N, Kovacich S. Anterior segment complications
secondary to continuous positive airway pressure machine treatment
in patients with obstructive sleep apnea. Optometry 2007; 78:352–
355

59. Wolfe RM, Pomerantz J, Miller DE, Weiss-Coleman R, Solomonides T.
Obstructive sleep apnea: preoperative screening and postoperative care.
J Am Board Fam Med 2016; 29:263–275

Disclosures: None of the authors has a financial or proprietary in-
terest in any material or method mentioned.

First author:
Oya Y Cok, MD

Baskent University, School of Medicine,
Department of Anesthesiology and
Reanimation, Adana Education and
Research Centre, Adana, Turkey

1031REVIEW/UPDATE: OSA: OPHTHALMIC AND ANESTHETIC IMPLICATIONS

Volume 45 Issue 7 July 2019

http://refhub.elsevier.com/S0886-3350(19)30327-X/sref43
http://refhub.elsevier.com/S0886-3350(19)30327-X/sref43
http://refhub.elsevier.com/S0886-3350(19)30327-X/sref43
http://refhub.elsevier.com/S0886-3350(19)30327-X/sref43
http://refhub.elsevier.com/S0886-3350(19)30327-X/sref44
http://refhub.elsevier.com/S0886-3350(19)30327-X/sref44
http://refhub.elsevier.com/S0886-3350(19)30327-X/sref44
http://refhub.elsevier.com/S0886-3350(19)30327-X/sref45
http://refhub.elsevier.com/S0886-3350(19)30327-X/sref45
http://refhub.elsevier.com/S0886-3350(19)30327-X/sref45
http://refhub.elsevier.com/S0886-3350(19)30327-X/sref46
http://refhub.elsevier.com/S0886-3350(19)30327-X/sref46
http://refhub.elsevier.com/S0886-3350(19)30327-X/sref47
http://refhub.elsevier.com/S0886-3350(19)30327-X/sref47
http://refhub.elsevier.com/S0886-3350(19)30327-X/sref48
http://refhub.elsevier.com/S0886-3350(19)30327-X/sref48
http://refhub.elsevier.com/S0886-3350(19)30327-X/sref48
http://refhub.elsevier.com/S0886-3350(19)30327-X/sref48
http://refhub.elsevier.com/S0886-3350(19)30327-X/sref49
http://refhub.elsevier.com/S0886-3350(19)30327-X/sref49
http://refhub.elsevier.com/S0886-3350(19)30327-X/sref49
http://refhub.elsevier.com/S0886-3350(19)30327-X/sref49
http://refhub.elsevier.com/S0886-3350(19)30327-X/sref50
http://refhub.elsevier.com/S0886-3350(19)30327-X/sref50
http://refhub.elsevier.com/S0886-3350(19)30327-X/sref50
http://refhub.elsevier.com/S0886-3350(19)30327-X/sref51
http://refhub.elsevier.com/S0886-3350(19)30327-X/sref51
http://refhub.elsevier.com/S0886-3350(19)30327-X/sref51
http://refhub.elsevier.com/S0886-3350(19)30327-X/sref52
http://refhub.elsevier.com/S0886-3350(19)30327-X/sref52
http://refhub.elsevier.com/S0886-3350(19)30327-X/sref52
http://refhub.elsevier.com/S0886-3350(19)30327-X/sref52
http://refhub.elsevier.com/S0886-3350(19)30327-X/sref53
http://refhub.elsevier.com/S0886-3350(19)30327-X/sref53
http://refhub.elsevier.com/S0886-3350(19)30327-X/sref53
http://refhub.elsevier.com/S0886-3350(19)30327-X/sref54
http://refhub.elsevier.com/S0886-3350(19)30327-X/sref54
http://refhub.elsevier.com/S0886-3350(19)30327-X/sref54
http://refhub.elsevier.com/S0886-3350(19)30327-X/sref55
http://refhub.elsevier.com/S0886-3350(19)30327-X/sref55
http://refhub.elsevier.com/S0886-3350(19)30327-X/sref55
http://refhub.elsevier.com/S0886-3350(19)30327-X/sref55
http://refhub.elsevier.com/S0886-3350(19)30327-X/sref55
http://refhub.elsevier.com/S0886-3350(19)30327-X/sref56
http://refhub.elsevier.com/S0886-3350(19)30327-X/sref56
http://refhub.elsevier.com/S0886-3350(19)30327-X/sref56
http://refhub.elsevier.com/S0886-3350(19)30327-X/sref57
http://refhub.elsevier.com/S0886-3350(19)30327-X/sref57
http://refhub.elsevier.com/S0886-3350(19)30327-X/sref58
http://refhub.elsevier.com/S0886-3350(19)30327-X/sref58
http://refhub.elsevier.com/S0886-3350(19)30327-X/sref58
http://refhub.elsevier.com/S0886-3350(19)30327-X/sref58
http://refhub.elsevier.com/S0886-3350(19)30327-X/sref59
http://refhub.elsevier.com/S0886-3350(19)30327-X/sref59
http://refhub.elsevier.com/S0886-3350(19)30327-X/sref59

