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Abstract: This review evaluates the impact of transient intraocular pressure (IOP) elevations during common ophthalmic surgical and
diagnostic procedures on glaucoma patients. Elevated IOP is a key risk factor in glaucoma, and while transient IOP spikes are
frequently encountered during surgeries like cataract extraction, laser in situ keratomileusis (LASIK), and femtosecond laser-assisted
cataract surgery (FLACS), the clinical significance of these short-term elevations remains uncertain, particularly for eyes with
compromised optic nerves. There is still a lack of data on which IOP level and duration of IOP insult the glaucoma damage occurs.
Still, it is known that the combination of the degree of IOP elevation, duration of the insult and optic nerve susceptibility are important
determinants of this event. While transient IOP elevations during these procedures are generally well tolerated, patients with advanced
glaucoma and severely compromised optic nerves may be at greater risk for further damage. More research is needed to fully
understand the long-term implications of acute IOP spikes, particularly in patients with advanced disease.
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Introduction

Glaucoma is the leading cause of irreversible blindness worldwide, and intraocular pressure (IOP) is currently the main
modifiable risk factor for this disease.'* There are some theories behind the glaucoma damage mechanism and how IOP
plays an important role in the pathophysiology of the disease. It is known that elevated IOP leads to an increased pressure
gradient across the lamina cribrosa, causing compression and deformation of this structure, compromising axonal
transport and damaging the retinal ganglion cell axons.* Previous studies have demonstrated that the impact of IOP
rise in axonal transport changes occurs in a time-dependent fashion; thus, the duration of IOP insult is an important
determinant of glaucoma damage.’

There are several situations where a transient IOP increase occurs; however, it is still unclear if this could cause direct
damage to the ganglion cell axons or compromise optic nerve perfusion. Although this transient elevation in IOP appears well
tolerated in healthy eyes, little is known about how eyes with glaucoma respond to this IOP insult and the time scale at which
IOP-related damage occurs. Patients with a glaucomatous optic nerve are more susceptible to acute IOP elevation than patients
with ocular hypertension or normal eyes and this is probably explained by the different biomechanical properties of the
connective tissues with eyes having different levels of susceptibility to the same IOP insult.®”- In glaucomatous eyes, the optic
nerve head and lamina cribrosa exhibit greater susceptibility to IOP-related stress due to compromised connective tissue
properties. The lamina cribrosa in glaucomatous eyes tends to be thinner, less resilient, and more prone to deformation in
response to IOP elevation compared to healthy eyes.®’ These biomechanical vulnerabilities increase the risk of axonal
compression and damage to retinal ganglion cell axons, even during transient IOP elevations. Additionally, glaucomatous eyes
often have altered scleral rigidity and stiffness, which further influences the way the optic nerve head and surrounding
structures respond to IOP stress.*’
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In this review, we included studies that analyzed the IOP behaviour during surgical and diagnostic procedures. The
objective of this review is to provide data on short-term IOP rise related to surgical and diagnostic procedures to
understand whether this would be a real risk for glaucoma patients.

IOP Elevation During Surgical Procedures

Cataract surgery is the most common ophthalmic surgery performed in the world, and a significant percentage of these
patients have glaucoma as a comorbidity.® During phacoemulsification, maintaining anterior chamber stability is crucial
for surgical success, and this is done by keeping a high infusion pressure, resulting in transitory IOP elevations during the
procedure.'®'? A routine phacoemulsification procedure takes approximately 10 minutes, and up to 80% of the time IOP
exceeds 60 mmHg."" Zhao et al showed an IOP rise of up to 96 mmHg during cataract surgery, with an IOP greater than
60 mmHg during cortical clean up and nucleus disassembly in an in vivo human study.'' Despite these significant
transient IOP elevations, there does not appear to be any conclusive evidence that this is harmful in the glaucoma patient
with already compromised optic nerves. Several recent large clinical trials of phacoemulsification encompassing over
1000 patients with mild to moderate open angle glaucoma showed the procedure to be very well tolerated with no acute
visual field progression postoperatively.'* >

A study evaluating VF changes after cataract extraction from patients from the Advanced Glaucoma Intervention
Study (AGIS) showed significant mean deviation (MD) improvement after surgery in patients with mild and moderate
glaucoma but no improvement in patients with advanced disease.'® For this last group, indices of localized field loss
(PSD and CSPD) mildly worsened after surgery. Still, the scotoma size and depth did not change significantly from
a clinical standpoint.'® Although glaucoma progression cannot be ruled out, the explanation for the mild decline in PSD
and CPSD is that the opacity removal improved sensitivity in a few points resulting in greater unevenness when
comparing improved sensitivity areas to areas with already existing defects.'® In contrast to this previous study, Seol
et al found MD improvement after cataract surgery in glaucoma patients with different levels of disease, including
advanced glaucoma, with no significant changes in PSD.'” Indeed, phacoemulsification is not contraindicated in
glaucomatous eyes of all severity.

This transitory IOP elevation is also seen when creating a corneal flap for laser in situ keratomileusis (LASIK)
treatment, with IOP getting as high as 90 mmHg for 10-30 seconds during the vacuum application period, as
demonstrated in studies on porcine and cadaver eyes.lg*zo The first femtosecond platforms designed to create corneal
flaps used a flat patient interface (PI) to induce corneal flattening to possibly create more planar flaps. Previous studies
already showed a higher IOP rise during femtosecond treatment when using a flat patient interface compared to curved
ones.*"**? Bolivar et al showed, in enucleated porcine eyes, a mean IOP increase of 78mmHg and 108mmHg when using
a flat patient interface (iFS 150 kHz model, Abbott Medical Optics, Inc). During the suctioning and cutting phases to
create a corneal flap, respectively.?’ The IOP rise with a curved interface (Victus, Bausch & Lomb, Inc) was lower during
the suction phase with a mean IOP elevation of 20 mmHg. This study also evaluated the IOP rise induced by another
femtosecond platform (LenSx, Alcon Laboratories, Inc.), with a curved interface showing a less significant IOP elevation
than the other two platforms. The corneal flap creation using a mechanical microkeratome induces higher IOP elevation
than with femtosecond; however, it creates the corneal flap in half of the time compared to femtosecond.”> Patients
usually experience a complete blackout when microkeratome is used, which means the IOP rise is higher than the retinal
arterial pressure. Chaurasia et al showed, in rabbit eyes, a mean IOP elevation of 62.25 vs 141.02mmHg (p =0.0009)
during the cutting phase in the femtosecond and microkeratome, respectively.”

Acute IOP elevation can induce transient changes in retinal nerve fiber layer (RNFL) thickness, though short-term
IOP spikes, such as a 45-second rise to 100 mmHg during LASIK suction, have shown no significant impact on RNFL
thickness in healthy human eyes.”

Studies in non-human primates have indicated that raising IOP to 45 mmHg for 60 minutes leads to a small reduction
in RNFL thickness (1.4% overall, P < 0.0001), with more pronounced thinning (4.9%, P = 0.001) within 800 um of the
ONH.** These findings suggest that acute IOP elevation may cause minimal, temporary thinning of the RNFL but is

unlikely to have long-term clinical effects when the pressure elevation is transient.****
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There are a few case reports of visual field (VF) defects associated with LASIK, and the presence of ocular
hypertension preoperatively or a family history of glaucoma appear to be risk factors for this condition.>° A clinical
trial evaluating visual field changes in non-glaucoma patients after LASIK found a decline in mean sensitivity (MS)
between 15 and 30 degrees of the VF but no significant change in the MS in the central 15 degrees visual field.>” Brown
et al reported a case of VF changes following LASIK without optic nerve damage.*® The VF defect was associated with
irregular effective optic zones that caused loss of contrast in the midperipheral visual field. The visual field defects almost
disappeared when pupil was constricted with brimonidine. Another study, including fifty-one patients that underwent
myopic LASIK found no difference in visual field three months after the procedure.”’ A few studies associated the visual
field changes following LASIK mainly with optical factors rather than RNFL damage.?’*® Notwithstanding, there are
cases in the literature where the VF defect was proved to be associated with ON damage and both causes should be
considered in case of a VF defect following LASIK.>>*® Per FDA recommendations, uncontrolled glaucoma is
a contraindication for LASIK, and patients with controlled glaucoma/ocular hypertension or glaucoma suspect should
consider not having the procedure. Despite the paucity of data, this seems reasonable considering the high magnitude of
IOP rise associated to this procedure and the challenges to accurately follow IOP post-LASIK.

Transient IOP elevation has also been reported in femtosecond-laser-assisted cataract surgery (FLACS). Cataract
surgery patients are usually older, different from LASIK patients, and more likely to have additional comorbidities that
could leave them more susceptible to complications when exposed to IOP elevation. Previous studies have already shown
that the IOP rise associated with FLACS is less significant than with others docking systems used for refractive
surgery.'®*® Kerr et al found, in an in vivo human study, a mean IOP of 28.9+ 3.2mmHg with the Liquid Optics
Interface during the vacuum phase of FLACS, with a further increase in IOP (mean IOP 36.0+ 4.4mmHg) after laser
capsulotomy and lens fragmentation.”® No patients reported amaurosis during the procedure. The magnitude of IOP
elevation also depends on whether a liquid-filled or rigid direct-contact docking system is being used, with the first
inducing considerably less IOP elevation than the second one.***! Most studies evaluating IOP behaviour during
femtosecond treatment include only healthy eyes, excluding glaucomatous eyes and ocular hypertension.

Darian-Smith et al showed a slight, but statistically significant higher IOP rise during FLACS in glaucomatous eyes
compared to controls (mean IOP 34mmHg vs 29 mmHg, p=0.005).** The IOP 2 minutes after the procedure decreased
but remained above baseline in both groups, with a higher level in the glaucomatous eyes (mean IOP 30.2 vs
27.6 mmHg, p= 0.03). There was no association between glaucoma severity and IOP increase during this study. In
contrast, a study by Alvarez-Ascencio et al showed no remaining IOP rise immediately after suction docking in
glaucomatous eyes, with IOP levels slightly lower than baseline.”® A visual field (VF) analysis was also done in this
study and no changes during one-year follow-up were seen in the VF parameters. Another study also compared the VF
changes after transient elevation (IOP average of 64 mmHg for < 30 seconds) in eyes with and without glaucoma. No
functional damage was observed in both groups.** Zhou et al compared FLACS with conventional phacoemulsification in
patients with glaucoma; no difference in first postoperative day IOP was seen between the two groups.>”

Glaucoma lasers can induce short-term intraoperative IOP elevation, usually caused by the pressure applied to the
globe with the goniolens. A study on human cadaver eyes showed an average IOP rise of 20 mmHg when simulat-
ing selective laser trabeculoplasty (SLT) and laser peripheral iridotomy (LPI) procedures.*® In this last procedure, IOP
got as high as 130 mmHg during increased globe pressure with the iridotomy lens simulating the maneuver to tamponade
the blood by the end of the procedure.’®

IOP Elevation During Diagnostic Procedures
Diagnostic procedures such as gonioscopy can also induce short-term IOP elevation with an IOP increase of 20 mmHg
during gonioscopy using a Sussman goniolens on cadaver eyes.*® When pressure was increased against the globe and
indentation was performed, IOP rose 50-90 mmHg compared to baseline. Gonioscopy is recommended to be performed
in any patient who has glaucoma or is suspected of having the disease and is an essential tool for glaucoma diagnosis —
yet clinically, there is little concern with the transient IOP elevation here.

Digital ocular compression (DOC) is often performed in the postoperative period after glaucoma filtering surgery to
expand the filtering bleb and achieve IOP reduction; however, transient IOP elevation is observed during the period of
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compression.>’>® A study evaluating IOP behaviour during DOC found, in an in vivo human experiment, a mean IOP of
104+8 mmHg during the compression period.*”

Transitory IOP elevation is not only seen during procedures but can also be observed after peribulbar anesthesia.**’
Morgan et al found a mean post-injection IOP of 32.4 mmHg in patients who underwent peribulbar block.** By Four
minutes post-injection, IOPs no longer differed from their pre-injection levels.** The level of IOP spike will depend on
the type of anesthetic drugs used and the volume of injected anesthetic.>” !

Everyday habits like squeezing the lids and rubbing the eye can cause short-term IOP elevation as high as 70 and
109 mmHg above baseline, respectively.*** Many studies have reported that chronic rubbing can contribute to the
pathogenesis of some diseases, such as keratoconus.***> However, it is still unknown whether this transitory direct force

applied to the globe is relevant to the development or progression of glaucoma.

Discussion

Elevated IOP can induce irreversible retinal ganglion cell injury with consequent permanent functional damage and is the
major risk factor for the development and progression of glaucoma. This mechanism is a combination of the degree of
IOP elevation, duration/consistency of the insult and optic nerve susceptibility. It is still unclear at which IOP level and
duration of IOP insult that glaucoma damage occurs, and this is likely variable from eye to eye. Previous studies
evaluated the time-dependent axonal transport changes in nonhuman eyes subjected to IOP elevation. Balaratnasingam
et al showed that IOP elevation (IOP of 40-45 mmHg) up to 3 hours did not result in axonal transport changes.’
However, after 12 hours of insult, there were significant changes in axonal transport. Chihara et al also found no axonal
transport changes up to 3 hours of IOP elevation, while changes started to get evident after 6 hours of IOP insult.*®
Another study from Lai et al showed that no severe retina nerve fiber layer (RNFL) damage was seen in eyes that
suffered a single episode of acute primary angle closure with a duration of up to 48 hours.*” RNFL damage was detected
when the duration of the attack was longer than 48 hours. Garhofer et al evaluated retinal and optic nerve head blood flow
during short-term increase in IOP and showed that this insult did not alter retinal or ONH regulation during neuronal
stimulation.*® The apparent lack of long-term adverse effects after transitory IOP elevation emphasizes that the duration
of IOP insult is an important determinant of optic nerve damage. Short-term moderate IOP elevations lasting a few
minutes appear to unlikely to cause significant structural damage to the optic nerve.

Transitory IOP rise occurs in many ophthalmic surgeries and diagnostic procedures, including cataract surgery and laser
procedures, as well as during gonioscopy. These acute IOP elevations range from high twenties to 140 mmHg and last for
a few seconds or even 10 minutes.'''#207223%-3135 The [OP usually returns to baseline shortly after the procedure.?

Based on basic science and clinical evidence, as well as how common they occur in glaucoma patients with diagnostic
and therapeutic procedures, sporadic transient IOP elevations are unlikely to cause significant harm. While there is still
a need for more evidence, it is likely of minimal risk to most glaucoma patients as transient IOP elevations appear to be
well-tolerated with no obvious deleterious effects seen clinically. As with any procedure or evaluation, the risk to benefit
ratio must be considered — and in most cases, the transitory IOP elevation from most ocular procedures is favorable. One
exception may be LASIK, where the IOP elevation is specifically much higher than other procedures, and the risk to
benefit ratio is not as favorable.

Previous studies have already reported the snuff-out phenomenon with unexplained permanent central vision loss
following glaucoma surgery.**>° This phenomenon is more common in patients with severely compromised visual fields.
Therefore, greater caution must be exerted when dealing with very advanced glaucomatous eyes with already severely
compromised optic nerve structure and function, as those are more susceptible to optic nerve damage, which could result
in further glaucoma damage.More studies are still necessary to have a clearer understanding of whether transitory
isolated IOP elevations are clinically significant and if this represents a real risk to glaucoma patients.

This review has a few limitations, particularly the variability in reported IOP changes stemming from the diverse
methodologies employed across studies, the broad range of IOP elevations, and the differing study populations (including
both animal and human eyes). Furthermore, the absence of long-term studies examining the effects of transient IOP
elevation represents another limitation that should be addressed in future studies.
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Conclusion

This review highlights that transient intraocular pressure (IOP) rises during ophthalmic diagnostic and therapeutic
procedures, although common, are generally well tolerated in both healthy and glaucomatous eyes. Most studies have
not demonstrated significant structural or functional damage from these short-term IOP elevations, particularly when the
duration is short, and the magnitude of increase remains moderate. However, the vulnerability of eyes with advanced
glaucoma, especially those with severely compromised optic nerve structures, remains a concern. The evidence suggests
that while transient IOP elevations are unlikely to cause widespread harm, patients with advanced glaucoma may require
additional caution and monitoring during procedures known to induce acute IOP spikes. More research is needed to
delineate the specific IOP thresholds and duration that could lead to permanent optic nerve damage, particularly in this
vulnerable group. Understanding the individualized risk profile for glaucoma patients is crucial for optimizing procedural
safety and minimizing the potential for irreversible damage.

Disclosure

Dr Ticiana De Francesco is a consultant and/or speaker for AbbVie, lantrek, Elios, Nova eye Medical, Vialase, Zeiss, Alcon,
and Glaukos, outside the submitted work. Dr Igbal Ike Ahmed is a consultant for AbbVie, Ace Vision, Alcon, Aliph
Medical, Aquea Health, Arcscan, Avellino Lab, Avisi, Balance Ophthalmics, Bausch and Lomb, Beaver Visitec, Belkin
Vision, Bionode, Carl Zeiss, Centricity Visio, Inc, CorNeat Vision, Custom Surgical, Elios Vision, ElutiMed, eyeFlow, Inc,
EyeMed, EyeO Technologies, Exhaura Limited, Glaukos, Gore, Hexiris Pharma, Iantrek, InjectSense, Iridex, iCare, iStar,
Johnson & Johnson Vision, LayerBio, Liqid Medical, Long Bridge Medical, MST Surgical, Myra Vision, New World
Medical, Nova Eye, Ocular Instruments, Ocular Therapeutix, Oculus Surgical, OcuSciences, Omega Ophthalmics,
Peripherex, PolyActiva, PulseMedica, Radiance Therapeutics, Radius XR, Rheon Medical, Ripple Therapeutics,
Sanoculis, Santen, Singapore Biodesign, Shifamed, Sight Sciences, Smartlens, Stroma, Thea Pharma, TFS Health
Science, Vialase, Visci Ltd, Visus Therapeutics, Vizzario, and Zilia Inc, outside the submitted work.

References

1. Tham YC, Li X, Wong TY, Quigley HA, Aung T, Cheng CY. Global prevalence of glaucoma and projections of glaucoma burden through 2040:
a systematic review and meta-analysis. Ophthalmology. 2014;121(11):2081-2090. PMID: 24974815. doi:10.1016/j.0phtha.2014.05.013
2. Heijl A, Leske MC, Bengtsson B, Hyman L, Bengtsson B, Hussein M; Early Manifest Glaucoma Trial Group. Reduction of intraocular pressure
and glaucoma progression: results from the early manifest glaucoma trial. Arch Ophthalmol. 2002;120(10):1268-1279. PMID: 12365904.
doi:10.1001/archopht.120.10.1268
3. Quigley HA, Hohman RM, Addicks EM, Massof RW, Green WR. Morphologic changes in the lamina cribrosa correlated with neural loss in
open-angle glaucoma. Am J Ophthalmol. 1983;95(5):673-691. PMID: 6846459. doi:10.1016/0002-9394(83)90389-6
4. Burgoyne CF, Downs JC, Bellezza AJ, Suh JK, Hart RT. The optic nerve head as a biomechanical structure: a new paradigm for understanding the
role of IOP-related stress and strain in the pathophysiology of glaucomatous optic nerve head damage. Prog Retin Eye Res. 2005;24(1):39-73.
PMID: 15555526. doi:10.1016/j.preteyeres.2004.06.001
5. Balaratnasingam C, Morgan WH, Bass L, Cringle SJ, Yu DY. Time-dependent effects of elevated intraocular pressure on optic nerve head axonal
transport and cytoskeleton proteins. Invest Ophthalmol Vis Sci. 2008;49(3):986-999. PMID: 18326722. doi:10.1167/iovs.07-1090
6. Sharma S, Tun TA, Baskaran M, et al. Effect of acute intraocular pressure elevation on the minimum rim width in normal, ocular hypertensive and
glaucoma eyes. Br J Ophthalmol. 2018;102(1):131-135. PMID: 28490427. doi:10.1136/bjophthalmol-2017-310232
7. Downs JC, Girkin CA. Lamina cribrosa in glaucoma. Curr Opin Ophthalmol. 2017;28(2):113—-119. PMID: 27898470; PMCID: PMC5480216.
doi:10.1097/1CU.0000000000000354
8. Tseng VL, Yu F, Lum F, Coleman AL. Risk of fractures following cataract surgery in medicare beneficiaries. JAMA. 2012;308(5):493-501. PMID:
22851116. doi:10.1001/jama.2012.9014
9. Kauh CY, Blachley TS, Lichter PR, Lee PP, Stein JD. Geographic variation in the rate and timing of cataract surgery among US communities.
JAMA Ophthalmol. 2016;134(3):267-276. PMID: 26720865; PMCID: PMC5767078. doi:10.1001/jamaophthalmol.2015.5322
10. Khng C, Packer M, Fine IH, Hoffman RS, Moreira FB. Intraocular pressure during phacoemulsification. J Cataract Refract Surg. 2006;32
(2):301-308. PMID: 16565009. doi:10.1016/j.jcrs.2005.08.062
11. Zhao Y, Li X, Tao A, Wang J, Lu F. Intraocular pressure and calculated diastolic ocular perfusion pressure during three simulated steps of
phacoemulsification in vivo. Invest Ophthalmol Vis Sci. 2009;50(6):2927-2931. PMID: 19168897. doi:10.1167/i0vs.08-2996
12. Kreutzer TC, Al Saeidi R, Kampik A, Grueterich M. Real-time intraocular pressure measurement in standard and microcoaxial
phacoemulsification. J Cataract Refract Surg. 2010;36(1):53-57. PMID: 20117705. doi:10.1016/j.jcrs.2009.07.035
13. Ahmed IIK, De Francesco T, Rhee D, et al; HORIZON Investigators. Long-term outcomes from the HORIZON randomized trial for a schlemm’s
canal microstent in combination cataract and glaucoma surgery. Ophthalmology. 2022;129(7):742-751. Epub 2022 Feb 23. PMID: 35218867.
doi:10.1016/j.0phtha.2022.02.021
14. Vold S, Ahmed CER II, Mattox C, et al; CyPass Study Group. Two-year COMPASS trial results: supraciliary microstenting with phacoemulsification in
patients with open-angle glaucoma and cataracts. Ophthalmology. 2016;123(10):2103-2112. PMID: 27506486. doi:10.1016/j.0phtha.2016.06.032

Clinical Ophthalmology 2024:18 heeps: 3339

Dove:


https://doi.org/10.1016/j.ophtha.2014.05.013
https://doi.org/10.1001/archopht.120.10.1268
https://doi.org/10.1016/0002-9394(83)90389-6
https://doi.org/10.1016/j.preteyeres.2004.06.001
https://doi.org/10.1167/iovs.07-1090
https://doi.org/10.1136/bjophthalmol-2017-310232
https://doi.org/10.1097/ICU.0000000000000354
https://doi.org/10.1001/jama.2012.9014
https://doi.org/10.1001/jamaophthalmol.2015.5322
https://doi.org/10.1016/j.jcrs.2005.08.062
https://doi.org/10.1167/iovs.08-2996
https://doi.org/10.1016/j.jcrs.2009.07.035
https://doi.org/10.1016/j.ophtha.2022.02.021
https://doi.org/10.1016/j.ophtha.2016.06.032
https://www.dovepress.com
https://www.dovepress.com

De Francesco and Ahmed Dove

15.

20.

21.

22.

23.

24.

25.

26.
217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

Samuelson TW, Sarkisian SR Jr, Lubeck DM, et al; iStent inject Study Group. Prospective, randomized, controlled pivotal trial of an Ab interno
implanted trabecular micro-bypass in primary open-angle glaucoma and cataract: two-year results. Ophthalmology. 2019;126(6):811-821. PMID:
30880108. doi:10.1016/j.0phtha.2019.03.006

. Koucheki B, Nouri-Mahdavi K, Patel G, Gaasterland D, Caprioli J. Visual field changes after cataract extraction: the AGIS experience. Am

J Ophthalmol. 2004;138(6):1022-1028. PMID: 15629295. doi:10.1016/j.2j0.2004.08.006

. Seol BR, Jeoung JW, Park KH. Changes of visual-field global indices after cataract surgery in primary open-angle glaucoma patients. Jpn

J Ophthalmol. 2016;60(6):439-445. PMID: 27503400. doi:10.1007/s10384-016-0467-8

. Kasetsuwan N, Pangilinan RT, Moreira LL, et al. Real time intraocular pressure and lamellar corneal flap thickness in keratomileusis. Cornea.

2001;20(1):41-44. PMID: 11189002. doi:10.1097/00003226-200101000-00008

. Bissen-Miyajima H, Suzuki S, Ohashi Y, Minami K. Experimental observation of intraocular pressure changes during microkeratome suctioning in

laser in situ keratomileusis. J Cataract Refract Surg. 2005;31(3):590-594. PMID: 15811750. doi:10.1016/j.jcrs.2004.06.085

Vetter JM, Holzer MP, Teping C, et al. Intraocular pressure during corneal flap preparation: comparison among four femtosecond lasers in porcine
eyes. J Refract Surg. 2011;27(6):427-433. Epub 2010 Dec 15. PMID: 21188960. doi:10.3928/1081597X-20101210-01

Bolivar G, Garcia-Gonzalez M, Laucirika G, Villa-Collar C, Teus MA. Intraocular pressure rises during laser in situ keratomileusis: comparison of 3
femtosecond laser platforms. J Cataract Refract Surg. 2019;45(8):1172—1176. Epub 2019 Jun 15. PMID: 31213327. doi:10.1016/j.jcrs.2019.03.013
Chaurasia SS, Luengo Gimeno F, Tan K, et al. In vivo real-time intraocular pressure variations during LASIK flap creation. Invest Ophthalmol Vis
Sci. 2010;51(9):4641-4645. Epub 2010 Apr 14. PMID: 20393112. doi:10.1167/iovs.10-5228

Iester M, Tizte P, Mermoud A. Retinal nerve fiber layer thickness changes after an acute increase in intraocular pressure. J Cataract Refract Surg.
2002;28(12):2117-2122. PMID: 12498845. doi:10.1016/s0886-3350(02)01482-7

Fortune B, Yang H, Strouthidis NG, et al. The effect of acute intraocular pressure elevation on peripapillary retinal thickness, retinal nerve fiber
layer thickness, and retardance. Invest Ophthalmol Vis Sci. 2009;50(10):4719-4726. Epub 2009 May 6. PMID: 19420342; PMCID: PMC2764538.
doi:10.1167/i0vs.08-3289

Bushley DM, Parmley VC, Paglen P. Visual field defect associated with laser in situ keratomileusis. Am J Ophthalmol. 2000;129(5):668—671.
PMID: 10844064. doi:10.1016/s0002-9394(00)00366-4

Weiss HS, Rubinfeld RS, Anderschat JE. LASIK-associated visual field loss in a glaucoma suspect. Arch Ophthalmol. 2001;119(5):774-775.
Brown SM, Bradley JC, Xu KT, Chadwick AA, McCartney DL. Visual field changes after laser in situ keratomileusis. J Cataract Refract Surg.
2005;31(4):687-693. PMID: 15899443. doi:10.1016/j.jcrs.2004.09.036

Brown SM, Morales J. Iatrogenic ring scotoma after laser in situ keratomileusis. J Cataract Refract Surg. 2002;28(10):1860—1863. PMID:
12388042. doi:10.1016/s0886-3350(02)01299-3

McCarty TM, Hardten DR, Anderson NJ, Rosheim K, Samuelson TW. Evaluation of neuroprotective qualities of brimonidine during LASIK.
Ophthalmology. 2003;110(8):1615-1625. PMID: 12917182. doi:10.1016/S0161-6420(03)00476-7

Kerr NM, Abell RG, Vote BJ, Toh T. Intraocular pressure during femtosecond laser pretreatment of cataract. J Cataract Refract Surg. 2013;39
(3):339-342. Epub 2013 Jan 9. PMID: 23312148. doi:10.1016/j.jcrs.2012.12.008

Schultz T, Conrad-Hengerer I, Hengerer FH, Dick HB. Intraocular pressure variation during femtosecond laser-assisted cataract surgery using a
fluid-filled interface. J Cataract Refract Surg. 2013;39(1):22-27. PMID: 23245360. doi:10.1016/j.jcrs.2012.10.038

Darian-Smith E, Howie AR, Abell RG, et al. Intraocular pressure during femtosecond laser pretreatment: comparison of glaucomatous eyes and
nonglaucomatous eyes. J Cataract Refract Surg. 2015;41(2):272-277. PMID: 25661120. doi:10.1016/j.jcrs.2014.10.026

Alvarez-Ascencio D, Prado-Larrea C, Jimenez-Roman J, Castaiieda-Diez R. Long-term visual field changes after femtosecond laser-assisted
cataract surgery in glaucoma patients, case series. Am J Ophthalmol Case Rep. 2021;23:101163. PMID: 34307963; PMCID: PMC8287138.
doi:10.1016/j.ajoc.2021.101163

Chan KC, Poostchi A, Wong T, Insull EA, Sachdev N, Wells AP. Visual field changes after transient elevation of intraocular pressure in eyes with
and without glaucoma. Ophthalmology. 2008;115(4):667-672. Epub 2007 Aug 22. PMID: 17716733. doi:10.1016/j.0phtha.2007.04.063

Zhou Z, Li L, Zeng S, He W, Li M. Comparison of femtosecond laser-assisted cataract surgery and conventional phacoemulsification in shallow
anterior chambers and glaucoma. J Ophthalmol. 2020;2020:3690528. PMID: 34104481; PMCID: PMC8162248. doi:10.1155/2020/3690528

De Francesco T, Mikula E, Lummis W, Sangalang N, Ahmed IIK. Intraocular pressure while using gonioscopy, SLT, and laser iridotomy lenses: an
ex vivo study. Invest Ophthalmol Vis Sci. 2024;65(5):13. PMID: 38713484; PMCID: PMC11086705. doi:10.1167/i0vs.65.5.13

Korenfeld MS, Dueker DK. Review of external ocular compression: clinical applications of the ocular pressure estimator. Clin Ophthalmol.
2016;10:343-357. PMID: 26966349; PMCID: PMC4770069. doi:10.2147/OPTH.S92957

Korenfeld MS, Dueker DK. A new device to noninvasively estimate the intraocular pressure produced during ocular compression. Clin
Ophthalmol. 2016;10:71-77. PMID: 26955260; PMCID: PMC4772763. doi:10.2147/OPTH.S92954

Morgan JE, Chandna A. Intraocular pressure after peribulbar anaesthesia: is the Honan balloon necessary? Br J Ophthalmol. 1995;79(1):46-49.
PMID: 7880792; PMCID: PMC505019. doi:10.1136/bjo.79.1.46

Ropo A, Ruusuvaara P, Paloheimo M, Maunuksela EL, Nikki P. Effect of ocular compression (Autopressor) on intraocular pressure in periocular
anaesthesia. Acta Ophthalmol (Copenh). 1990;68(2):227-229. PMID: 2356715. doi:10.1111/j.1755-3768.1990.tb01911.x

Ozcan AA, Ozdemir N, Giines Y, Bozkurt A, Yagmur M, Alparslan ZN. Intraocular pressure, quality of block, and degree of pain associated with
ropivacaine in peribulbar block: a comparative randomized study with bupivacaine-lidocaine mixture. Eur J Ophthalmol. 2003;13(9-10):794-797.
PMID: 14700102. doi:10.1177/1120672103013009-1011

Turner DC, Girkin CA, Downs JC. The magnitude of intraocular pressure elevation associated with eye rubbing. Ophthalmology. 2019;126
(1):171-172. Epub 2018 Aug 25. PMID: 30153437; PMCID: PMC6453529. doi:10.1016/j.0phtha.2018.08.025

Coleman DJ, Trokel S. Direct-recorded intraocular pressure variations in a human subject. Arch Ophthalmol. 1969;82(5):637-640. PMID: 5357713.
doi:10.1001/archopht.1969.00990020633011

Panahi-Bazaz MR, Sharifipour F, Moghaddasi A. Bilateral keratoconus and corneal hydrops associated with eye rubbing in a 7-year-old girl.
J Ophthalmic Vis Res. 2014;9(1):101-105. PMID: 24982739; PMCID: PMC4074481.

Najmi H, Mobarki Y, Mania K, et al. The correlation between keratoconus and eye rubbing: a review. Int J Ophthalmol. 2019;12(11):1775-1781.
PMID: 31741868; PMCID: PMC6848869. doi:10.18240/ij0.2019.11.17

3340 e Clinical Ophthalmology 2024:18

Dove!


https://doi.org/10.1016/j.ophtha.2019.03.006
https://doi.org/10.1016/j.ajo.2004.08.006
https://doi.org/10.1007/s10384-016-0467-8
https://doi.org/10.1097/00003226-200101000-00008
https://doi.org/10.1016/j.jcrs.2004.06.085
https://doi.org/10.3928/1081597X-20101210-01
https://doi.org/10.1016/j.jcrs.2019.03.013
https://doi.org/10.1167/iovs.10-5228
https://doi.org/10.1016/s0886-3350(02)01482-7
https://doi.org/10.1167/iovs.08-3289
https://doi.org/10.1016/s0002-9394(00)00366-4
https://doi.org/10.1016/j.jcrs.2004.09.036
https://doi.org/10.1016/s0886-3350(02)01299-3
https://doi.org/10.1016/S0161-6420(03)00476-7
https://doi.org/10.1016/j.jcrs.2012.12.008
https://doi.org/10.1016/j.jcrs.2012.10.038
https://doi.org/10.1016/j.jcrs.2014.10.026
https://doi.org/10.1016/j.ajoc.2021.101163
https://doi.org/10.1016/j.ophtha.2007.04.063
https://doi.org/10.1155/2020/3690528
https://doi.org/10.1167/iovs.65.5.13
https://doi.org/10.2147/OPTH.S92957
https://doi.org/10.2147/OPTH.S92954
https://doi.org/10.1136/bjo.79.1.46
https://doi.org/10.1111/j.1755-3768.1990.tb01911.x
https://doi.org/10.1177/1120672103013009-1011
https://doi.org/10.1016/j.ophtha.2018.08.025
https://doi.org/10.1001/archopht.1969.00990020633011
https://doi.org/10.18240/ijo.2019.11.17
https://www.dovepress.com
https://www.dovepress.com

Dove De Francesco and Ahmed

46. Chihara E, Honda Y. Analysis of orthograde fast axonal transport and nonaxonal transport along the optic pathway of albino rabbits during
increased and decreased intraocular pressure. Exp Eye Res. 1981;32(2):229-239. PMID: 6165601. doi:10.1016/0014-4835(81)90011-7

47. Lai JS, Tham CC, Chan JC, et al. Scanning laser polarimetry in patients with acute attack of primary angle closure. Jpn J Ophthalmol. 2003;47
(6):543-547. PMID: 14636842. doi:10.1016/].jj0.2003.08.006

48. Garhofer G, Resch H, Weigert G, Lung S, Simader C, Schmetterer L. Short-term increase of intraocular pressure does not alter the response of
retinal and optic nerve head blood flow to flicker stimulation. Invest Ophthalmol Vis Sci. 2005;46(5):1721-1725. PMID: 15851574. doi:10.1167/
iovs.04-1347

49. Mohammadzadeh V, Galian K, Martinyan J, Nouri-Mahdavi K. Vision loss after glaucoma surgery: progressive macular thinning as a sign of
snuff-out phenomenon. J Glaucoma. 2019;28(6):¢99—¢102. PMID: 30694880. doi:10.1097/1JG.0000000000001202

50. Francis BA, Hong B, Winarko J, Kawji S, Dustin L, Chopra V. Vision loss and recovery after trabeculectomy: risk and associated risk factors. Arch
Ophthalmol. 2011;129(8):1011-1017. PMID: 21825185. doi:10.1001/archophthalmol.2011.182

Clinical Ophthalmology Dove

Publish your work in this journal

Clinical Ophthalmology is an international, peer-reviewed journal covering all subspecialties within ophthalmology. Key topics include: Optometry;
Visual science; Pharmacology and drug therapy in eye diseases; Basic Sciences; Primary and Secondary eye care; Patient Safety and Quality of Care
Improvements. This journal is indexed on PubMed Central and CAS, and is the official journal of The Society of Clinical Ophthalmology (SCO). The
manuscript management system is completely online and includes a very quick and fair peer-review system, which is all easy to use. Visit http://www.
dovepress.com/testimonials.php to read real quotes from published authors.

Submit your manuscript here: https://www.dovepress.com/clinical-ophthalmology-journal

Clinical Ophthalmology 2024:18 v in g Dove 3341


https://doi.org/10.1016/0014-4835(81)90011-7
https://doi.org/10.1016/j.jjo.2003.08.006
https://doi.org/10.1167/iovs.04-1347
https://doi.org/10.1167/iovs.04-1347
https://doi.org/10.1097/IJG.0000000000001202
https://doi.org/10.1001/archophthalmol.2011.182
https://www.dovepress.com
http://www.dovepress.com/testimonials.php
http://www.dovepress.com/testimonials.php
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress
https://www.dovepress.com
https://www.dovepress.com

	Introduction
	IOP Elevation During Surgical Procedures
	IOP Elevation During Diagnostic Procedures
	Discussion
	Conclusion
	Disclosure

