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Abstract

Even though local anesthetic techniques are the cornerstone of ophthalmic anesthesia, 
the clinical and scientific impact of other kinds of anesthesia cannot be ignored. These 
include the rapid fluctuations of intraocular pressure (IOP), as well as ocular perfusion 
imbalance, and can even result in retinal ischemia, visual field defects, and associated 
ocular morbidity. This becomes especially relevant in patients of glaucoma, open-globe 
injuries, and retinal detachment. Especially vulnerable is those patients with coexistent 
diabetes, hypertension, atherosclerosis, and other diseases of vascular dysregulation. 
Strategies for anesthetic management, therefore, must be three pronged: Control IOP 
fluctuations to minimize the risk of ischemia as well as expulsive choroidal hemorrhage, 
safeguard retinal, and ONH perfusion, while providing adequate anesthesia and akinesia. 
This review aims to critically evaluate the impact of both, anesthetic procedures 
(including general, regional, and neuraxial anesthesia) and anesthetic agents, on IOP 
and ocular perfusion. It also endeavors to elucidate the strategies for IOP management 
during various kinds of anesthesia.
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Introduction

Maintenance of intraocular pressure (IOP) in the physiological 
range during anesthesia is of utmost importance, both for the 
patient and the doctor. Inadvertent and unnoticed rise in IOP 
in an anesthetized patient can lead to compromise to optic nerve 
head. Any form of surgical penetration in the globe with high IOP 
can lead to catastrophic hemorrhage. Once the ocular chambers 
are exposed/open, IOP equates to atmospheric pressure and 
prolapse of the iris and/or lens and loss of vitreous can ensue 
with any abrupt pressure change. In an eye with already high 
IOP, any further increase can precipitate acute glaucoma.[1] It is 
crucial to avoid fluctuations in IOP in an open eye, glaucoma, 
and retinal detachment to lessen further damage.

When a patient is being administered general anesthesia 
(GA), induction and emergence are the most critical phases 
in which substantial rise in IOP. Even a tightly positioned 
anesthesia mask over patient’s eyes is enough to reduce blood 
flow to zero. Moreover, repeated laryngoscopy and intubation 
attempts are associated with higher and more detrimental IOP.[2] 

Hence, vigilance must be maintained in induction with a patient 
with compromised ocular perfusion or open eye.

Measures to Prevent IOP Elevation at Induction

Video-guided laryngoscopy should be employed in all cases of 
difficult airway since it is proven to causes a smaller increase 
in IOP than direct laryngoscopy.[3] Use of supraglottic airway 
(SGA) causes far less increase in IOP during insertion as well 
as removal as compared with endotracheal tube.[4,5] Its safety 
and efficacy are well established. SGAs have been increasingly 
accepted as a means to secure the airway in patients with 
minimal risk for aspiration who are having eye surgery with 
GA.[6] It allows for a smooth emergence.[7] Care must be taken 
to combat intraoperative laryngospasm, especially in pediatric 
patients. Correct placement and well securing of SGA must be 
confirmed before surgery is allowed to proceed since airway 
is not easily accessible to anesthesiologists in ophthalmic 
procedures and it warrants for the procedure to be interrupted 
in case of inadequate ventilation secondary to SGA dislodgment.  
Bucking/coughing on emergence can be avoided by  smooth 
extubation and aggressive management of post-operative nausea 
and vomiting (PONV). 

Apart from that, inadequate ventilation, hypoxia, hypercapnia, 
and hypertension are anesthetic concerns that can cause a rise 
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in IOP.[8] However, the overall effect is IOP reduction in spite 
of increase in sympathetic outflow secondary to induction.[9] 
In a recent crosssectional study comparing pre-anesthesia IOP 
measurements with post-induction IOP measurements, it was 
noted that IOPs were significantly underestimated for patients 
under GA. The authors concluded that the actual IOP must be 
taken as approximately 4–6 mmHg higher than the recorded 
value. This becomes very relevant while planning treatment for 
children with glaucoma based on IOP values. The authors also 
proposed that the normal range for IOP must be considered 
different under GA.[10]

For measuring IOP of children under anesthesia, inhalational 
agents (sevoflurane or desflurane) are preferred. It is important 
that a gap of 3–5 min is maintained between intubation and 
IOP measurement. Applanation tonometry by Perkins, Tono-
Pen, or rebound tonometry should be used for measurement 
as per availability and performed before pachymetry. It is to be 
noted that if serial measurements are to be taken, it should be 
performed by same device as for previous measurement with 
similar anesthesia protocols. There needs to be avoidance of 
undue pressure on the globe while indentation and speculum use 
must be avoided.[11] Teamwork with excellent communication 
and coordination is essential. The ophthalmologist should 
be ready with instruments before anesthesiologist starts with 
induction. For an easy access to eye, anesthesiologist must 
position the anesthesia equipment such as masks and breathing 
circuit away from eyes. Mask may be briefly removed for IOP 
measurement.

GA

Premedication

The chief rationale for premedication is to avoid anxiety and risk 
of aspiration. Midazolam is commonly administered as anxiolytic. 
It has a little effect on IOP and hence used for the evaluation 
of IOP when anxiolysis or mild sedation is indicated.[12] As far 
as pediatric age group is concerned, premedication with oral 
midazolam promises an optimal induction with minimal change 
in IOP by avoidance of agitation and crying.

The goal of IOP measured under anesthesia is to get an 
adequate idea of the awake IOP. There is neither a significant 
difference between the IOPs of awake children and those sedated 
with oral midazolam nor a difference in IOP fluctuation from 
baseline between those who received midazolam and those who 
received placebo.[13] Hence, it is a well-tolerated and safe method 
for IOP measurements in children.

Alprazolam is commonly prescribed to adults as an oral 
premedication for anxiolysis. Benzodiazepines are known to 
cause bilateral angle closure as a rare adverse effect which is 
observed mostly in the elderly.[14] A few nonelderly patients have 
also presented with bilateral acute angle closure after a single 
use of two long half-life benzodiazepines, clonazepam, and 
alprazolam.[15]

Other premedication strategy includes alpha-2 agonists 
(clonidine and dexmedetomidine) and gabapentin. Both of them 
attenuate the IOP increase secondary to laryngoscopy, however, 
there is a decrease in blood pressure (BP) by these drugs which 
can compromise ocular perfusion.[16,17]

H2 receptor antagonists are commonly prescribed 
premedication to counter acidity. They are included the 
classes of medications that have the potential to induce angle 
closure.[18] Cimetidine and ranitidine by the virtue of their weak 
anticholinergic adverse effects have potential to precipitate angle 
closure glaucoma in susceptible people, especially those on 
prolonged therapy like for duodenal ulcer.[19] Contrarily, Cohen 
et al. studied the effect of intravenous infusion of cimetidine on 
IOP in medically controlled glaucoma patients and observed no 
significant change.[[20]

Opioids

The commonly used opioids during induction of anesthesia 
such as fentanyl and alfentanil not only significantly reduce 
IOP on induction but also cause a sustained reduction in IOP 
after succinylcholine (SCh) administration and laryngoscopy. 
Remifentanil is also as effective as fentanyl and alfentanil in IOP 
changes.[21-23] The effects of sufentanil and fentanyl on IOP after 
easy and difficult intubations were studied and it was observed 
that even though both drugs blunt the increased IOP during 
laryngoscopy and tracheal intubations, in difficult intubation, 
sufentanil offered enhanced safety.[23]

Induction agents

The commonly used intravenous induction anesthetics reduce 
IOP in general. The mechanism is postulated to be a depression 
of central nervous system ocular centers that result in relaxation 
of extraocular muscle tone. Propofol, thiopental, and etomidate 
reduce IOP by up to 40%, 27%, and 30%, respectively.[24,25]

Propofol causes a moderate reduction in IOP even when 
used as low-dose intravenous sedation has the most profound 
effect even as sedation agent, causing an IOP reduction of 
17–27%.[26] It reduces the rate of aqueous humor formation to 
a greater extent than it decreases trabecular outflow facility.[27] 
Propofol prevented a rise in IOP after induction as compared 
with other drugs (etomidate and thiopental) administered during 
phacoemulsification (PE) cataract extraction. Furthermore, 
decrease in BP and heart rate (HR) after induction and LMA 
insertion were remarkable with propofol used as inducing 
agent. Thiopental, on the other hand, is observed to have most 
control on cardiovascular parameters (especially HR) and it also 
prevents IOP rise.[28] However, as compared with propofol and 
etomidate, when thiopental is used as inducing agent, it results in 
a higher IOP and BP post-intubation.[29]

Ketamine is not known to alter IOP. Initially, it was believed 
to increase IOP significantly when indentation tonometry was 
used.[30,31] It was due to nystagmus (a side effect of ketamine) 
that made tonometry result incorrect. When it is employed as 
a sedative agent for pediatric age group, there is no significant 
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increase in IOP in patients without eye injuries.[32] Similarly, 
clinically meaningful associations of ketamine with elevation of 
IOP are not observed at dosages of 4 mg/kg or less.[33] Peuler 
et al. studied ketamine (2 mg/kg i.v.) in adults and observed no 
significant effect on IOP.[34] Similarly, another study observed 
no increase in IOP with ketamine (8 mg/kg intramuscular). 
In fact, values obtained were similar to those reported with 
halothane and isoflurane.[35,36] Applanation tonometry has 
replaced indentation tonometry for measuring IOP. Even 
though ketamine has no effect on IOP, its adverse effects such as 
nystagmus, blepharospasm, and agitation/hallucinations during 
recovery have led to limited usefulness in ophthalmic surgery.

Intraocular pressure decreases significantly by etomidate 
despite painful intravenous injection and myoclonus, thereby, 
making it a useful anesthetic agent to preserve IOP during 
induction.[25,37] Although both etomidate and thiopentone 
decrease IOP significantly, a far greater decrease in IOP is seen 
with etomidate.[38] However, the myoclonus after etomidate 
injection can be dangerous for a patient with a ruptured globe.

Sevoflurane, a volatile anesthetic agent, is commonly used as 
an induction agent in pediatric patients and is associated with a 
reduction in IOP within minutes.

Muscle relaxant

Depolarizing agent SCh increases IOP by about 8–10 mmHg.[39] 
The postulated mechanisms for increase in IOP being reduction 
in aqueous humor outflow, choroidal blood volume expansion, 
and increased central venous pressure.[7,40] The rise in IOP is 
transient ranging over a few minutes. After a rapid injection, 
within 1–4 min, a peak IOP of approx. 9 mmHg is reached. It 
returns to baseline with termination of action at around 7 min.[41] 
This effect can be reduced by administration of lidocaine and 
sufentanil by a mean of 5 mmHg.[42] Furthermore, alfentanil 
pre-treatment can prevent the increase in IOP following 
suxamethonium administration.[43]

It has been shown that pre-treatment with lidocaine before 
induction with thiopental and SCh shields against IOP rise and 
may, therefore, be of value in rapid sequence induction for open 
eye injuries.[44] Despite fears that this SCh-induced increase in 
IOP may induce extrusion of ocular contents in patients with an 
open-globe injury, clinical practice in thousands of patients has 
not reported this complication.[45,46] Still, it is not an ideal agent 
for the same.

On the contrary, non-depolarizing drugs at equipotent 
paralyzing doses directly reduce the IOP by relaxing the 
extraocular muscles.

A significant decrease in IOP by 22.6% is seen with 
vecuronium bolus.[47] Atracurium or vecuronium alone has 
no adverse effects on IOP.[48] Rocuronium is associated with a 
greater reduction in IOP as compared with atracurium and it 
offers equally favorable intubating conditions as SCh without 
IOP rise.[49,50] Rocuronium is, therefore, a viable alternative to 
SCh in an open-globe injury setting. In addition to rocuronium, 
cisatracurium and mivacurium also result in no changes on IOP 

in patients undergoing ophthalmic surgery under GA. Therefore, 
cisatracurium, rocuronium, and mivacurium are safe to be used 
in ophthalmic anesthesia practice.[51]

Maintenance agents

Total intravenous anesthesia (TIVA) is an emerging concept 
gaining widespread acceptance in practice to allay atmospheric 
pollution and greenhouse effect of conventionally used volatile 
anesthetics. TIVA is promising in ophthalmic anesthesia since 
accomplishes the basic goals. Not only it reduces BP and 
IOP but also circumvents PONV to maintain reduced IOP. 
Peak inspiratory pressure (PIP) in patients under GA being 
mechanically ventilated has been shown to raise IOP. An 
increased intrathoracic pressure results in higher PIP which 
raises central venous pressure. This results in a reduced outflow 
of aqueous humor through the episcleral venous system and 
hence an increased IOP.[52] It is found to be significantly lower 
with propofol-based TIVA than with the conventional volatile 
anesthesia. Furthermore, the IOP is maintained significantly 
lower with propofol-TIVA group in IOP raising surgical 
positions and after pneumoperitoneum creation. It is hence 
suggested that propofol-based TIVA should be considered as 
the regimen of choice during anesthesia maintenance, especially 
in at-risk patients.[53]

The volatile anesthetics, namely, isoflurane, sevoflurane, 
halothane, desflurane, and nitrous oxide (N2O) are commonly 
used for maintenance of anesthesia after intravenous induction 
and less frequently used for induction when intravenous access is 
difficult to obtain, for example pediatric patients. It is well known 
that the volatile anesthetic agents cause a reduction in IOP.[54] 
They reduce IOP in proportion to anesthetic depth by reducing 
choroidal volume, relaxing extraocular muscles, and facilitating 
aqueous humor outflow.[55] It is postulated that this drop in IOP 
is due to reduction of aqueous humor production, enhancement 
of aqueous humor outflow, or relaxation of the extraocular 
muscles. A depression of a central nervous system control center 
in the diencephalon is also conjectured.[56,57]

Sevoflurane as a maintenance anesthetic agent reduces 
IOP to the same degree as propofol.[58] However, irrespective 
of the concentration of sevoflurane (0.5–5%) or the order of 
administration (from low to high concentration or opposite), 
this fall in IOP is not significant enough as compared with the 
awake state. Hence, propofol and sevoflurane are effective 
anesthetic agents for the evaluation of IOP in adults under 
anesthesia.[59] The only exception is when remifentanil is 
used during induction. In that case, IOP reduction is more 
pronounced with propofol.[60] Clinical studies evaluating the 
effects of propofol and sevoflurane on respiratory mechanics 
during surgery found no significant difference in PIP.[61,62]

Desflurane has similar effect on IOP as with propofol 
in the reverse Trendelenburg position.[63] Yet, when it 
comes to alleviation of IOP in Trendelenburg position or 
pneumoperitoneum, it is less effective.[64-66] It has been seen 
that the total inspiratory resistance of desflurane is significantly 
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higher than sevoflurane and isoflurane at a 1.5 minimum alveolar 
concentration.[67]

N2O has no effect on IOP, even when combined with 
sevoflurane and remifentanil.[68,69] Although, it is contraindicated 
in vitreoretinal surgery involving gas tamponade with expandable 
gases such as sulfur hexafluoride into the vitreous.[70] When nitrous 
is being administered, any injected bubble can cause a dramatic 
rise in IOP peaking around 20 min.[71,72] The subsequent rise 
in IOP can diminish retinal perfusion. It has been noted that 
N2O although enhances the internal tamponade effect of the 
perfluorocarbon intraoperatively, it is followed by a dramatic drop 
in IOP and volume on discontinuation of N2O. It is recommended 
N2O administration 15 min before gas injection.[72] If a patient with 
intravitreous gas injection happens to be put under anesthesia, 
N2O must be omitted for 5 days after an air injection and for 
10 days after sulfur hexafluoride injection. After perfluoropropane 
injection, N2O should be prescribed for at least 70 days.[1]

Emergence

About 30% of eye injuries under anesthesia are reported to be 
related to unplanned patient movement during surgery,[73,74] 
coughing, or bucking on the ETT during emergence from 
anesthesia that is accompanied by increase in IOP of 
40 mmHg.[75] This can be prevented by extubation in deeper 
plane, a “no-touch” extubation technique, and the use of 
sympatholytic (such as remifentanil, fentanyl, intravenous 
lidocaine, and dexmedetomidine).[75-78] Caution needs to be 
maintained for a smooth emergence, extubation in deeper 
anesthesia plane remains a viable option. Awake extubation 
can also be performed safely by a remifentanil-based technique. 
PONV needs to be avoided since it may cause elevation of IOP.

Reversal

It has been observed that IOP increases from 13.5 to 21 mmHg 
after neostigmine/glycopyrrolate administration. With 
sugammadex though, there was no change in IOP. Although IOP 
was raised post extubation after employing either of the drugs, 
but it was significantly lower in the sugammadex group as the   
anticholinergic effect of glycopyrrolate may reduce the aqueous 
outflow.[79,80]

Special Considerations: Special Conditions under GA

Surgical positioning and IOP

In surgeries requiring steep Trendelenburg positioning such as 
robotic prostatectomy surgery, IOP increases significantly. This 
is due to raised CVP positioning and increases in choroidal blood 
volume from absorbed CO2 during insufflation. Fortunately, 
post-operative visual function has been reported to remain 
unchanged in most of the cases.[81] There are only a few reported 
incidences of post-operative blindness after prolonged steep 
Trendelenburg positioning in laparoscopic prostatectomy[82] 

and colorectal surgery.[83]

Pre-existing comorbid conditions such as atherosclerotic 
disease, diabetes, and glaucoma may lower the threshold 
of physiologic tolerance to acute intraocular derangements 
during laparoscopic surgery. It has been observed that IOP 
after pneumoperitoneum and Trendelenburg positioning is 
significantly low when propofol-based TIVA is used. It’s because 
of the inhibitory effect of propofol on arginine vasopressin 
(AVP).[84-86] AVP and its synthetic derivative desmopressin have 
been shown to increase IOP.[87,88] AVP concentration remains 
unaltered with volatile anesthetics.[89] Propofol also inhibits 
magnocellular neuron excitability in the paraventricular nucleus 
and supraoptic nucleus through GABA-A-mediated inhibitory 
currents.[90,91]

LDP is associated with an increase the IOP of the dependent 
eye[92,93] due to the increased episcleral venous pressure and 
choroidal volume resulting from gravity or a shift of body fluid and 
jugular vein compression.[93] Here also, IOP is significantly low 
when propofol-based TIVA is used, due to the fact that the  IOP  
reducing effect of propofol  was greater than the IOP  increasing 
effect of LDP. This does not occur with volatile agents.[66] It has 
been reported that IOP of the dependent eye increased by 5 mmHg 
when sevoflurane was used in patients undergoing lung surgery by 
the end of procedure.[92] In another study, it was noted that IOP 
increased by around 8 mmHg with sevoflurane and 3.6 mmHg with 
propofol after 1 h of lateral decubitus positioning.[66]

Hypotensive anesthesia

There is a reduction in IOP and OPP under hypotensive 
anesthesia. In LDP, IOP reduction can be achieved by a 
controlled hypotension of 30–40% lower MAP than baseline 
values. Declines in IOP due to hypotensive anesthesia reduce the 
difference in the IOP values of dependent and non-dependent 
eyes to 2–3 mmHg regardless of propofol TIVA or sevoflurane. 
Propofol can decrease IOP more effectively than desflurane 
during hypotensive anesthesia since IOP is significantly 
lower in patients receiving propofol TIVA when compared to 
desflurane.[94]

Valsalva maneuver employed in spine surgery/ENT 
procedures increase IOP significantly.[95] Inadequate depth of 
anesthesia and neuromuscular block allows the patient to cough 
and perform Valsalva. It generates larger increases in IOP and 
thus must be avoided.[96]

Regional Anesthesia

The orbital cavity is a closed space with a volume of 30 mL 
and IOP is bound to increase with injection into or around 
it.[97] Ocular blocks are reported to initially increase IOP by 
5–10 mmHg which lasts for 5 min. Due to a large volume 
of local anesthetic injection which further has tendency to 
cause proptosis, peribulbar blocks cause the greatest increase 
in IOP.[98] The initial increase in IOP is most marked in the 
peribulbar group due to injection of higher volume compared 
with the retrobulbar and sub-Tenon’s technique.[99] Retrobulbar 
anesthesia has potential to cause ocular ischemia since it reduces 
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retrobulbar blood flow velocity by compression of the posterior 
ciliary arteries or disturbing the autoregulation.[100] Mechanical 
compression causes a decrease in vitreous volume, increase in 
systemic absorption of orbital extracellular fluid, and increase in 
aqueous humor outflow which further reduces the IOP.[101]

This increase in IOP becomes problematic in open-globe 
repair surgery and can be countered using hyaluronidase mixed 
into the drug which acts swiftly with its dissipation. Gentle 
non-continuous digital pressure or an ocular compression 
device can be used at a set pressure (25 mmHg) to reduce the 
volume of blood and aqueous in the eye.[102] These measures 
of preventing IOP rise must be avoided in hypertensive eyes 
because induced pressures can exceed the central retinal artery 
perfusion pressure.[103] It should be known that after removal 
of such device, the eye is expected to be transiently hypotonic 
until blood and aqueous volumes are reestablished. Ocular 
compression is not needed for IOP reduction when using local 
anesthesia for cataract surgery.[104]

Interscalene block (ISB) is a commonly applied nerve block 
by anesthesiologists. It is known to be associated with Horner’s 
syndrome due to spread of local anesthetic to the cervical 
sympathetic chain. The decrease in sympathetic tone is feared 
to raise IOP. However, it is reported that ISB decreases IOP in 
the blocked side and it is a safe regional technique of choice in 
elderly patients at high risk for developing glaucoma.[105]

IOP Under Neuraxial Anesthesia

Spinal anesthesia alone has no acute and subacute effects 
on IOP.[106] Moreover, it has been seen that IOP increase is 
significantly less in patients who undergo lumbar disc surgery in 
the prone position under SA compared with GA.[107]

Conclusion

Perioperative IOP fluctuations can result in decreased ocular 
perfusion causing decreased ONH and retinal perfusion 
(decreased IOP), as well as an increased risk of expulsive 
suprachoroidal hemorrhage (increased IOP). Both of these 
eventualities can adversely impact the visual outcomes of the 
surgery. The challenge, therefore, is to optimize both, surgical 
conditions and outcomes, by choice of the kind of anesthesia 
and anesthetic agents. The Holy Grail for ophthalmic anesthesia, 
therefore, is a management strategy that ensures globe akinesia, 
no perioperative pain, low to normal IOP, ocular perfusion 
pressure control, attenuation of the oculocardiac reflex, minimal 
bleeding, adequate oxygenation and normocarbia, as well as a 
smooth reversal of the anesthesia.
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