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Abstract: This paper aims to review different tonometers for intraocular pressure measure
ment in eyes after photorefractive keratectomy or small incision lenticule extraction. An 
Entrez Pubmed search was performed on July 19th, 2020. There were 32 eligible articles 
investigated in the use of tonometers or biomechanical properties of cornea in post photo
refractive keratectomy eyes and 11 articles investigated in post small incision lenticule 
extraction eyes. Corvis ST and dynamic contour tonometry were found to be accurate for 
intraocular pressure measurement in post photorefractive keratectomy eyes. For post small 
incision lenticule extraction eyes, Corvis ST was found to be more accurate than other 
tonometers. Other tonometers such as Goldmann applanation tonometer, noncontact tono
metry, Tonopen, ocular response analyzer can also be used in post photorefractive keratect
omy or small incision lenticule extraction eyes in clinical practice; however, it is important 
for ophthalmologists to take note of the chances of discrepancies. 
Keywords: tonometry, tonometer, glaucoma, photorefractive keratectomy, small incision 
lenticule extraction

Introduction
Uncorrected refractive error is one of the major causes of visual impairment.1 It is 
the second leading cause of worldwide blindness, caused by a mismatch between 
the axial length and optical power.2 Spectacles, contact lens are most commonly 
used for the correction of refractive errors. Surgical treatment such as photorefrac
tive keratectomy (PRK), laser assisted in situ keratomileusis (LASIK) and small 
incision lenticule extraction (SMILE) can be used for correction.3,4

Intraocular pressure (IOP) is one of the major risk factors for the development of 
glaucoma.5 Therefore, it is important to measure the accurate intraocular pressure for 
screening or treatment of glaucoma. Studies have shown that in eyes after LASIK, PRK 
or SMILE may be difficult to obtain an accurate intraocular pressure.6–8 With regard to 
the importance of measurement of accurate intraocular pressure, this review will 
mainly focus on the use of different tonometers in post PRK eyes or post SMILE eyes.

Methodology
An Entrez Pubmed search was performed on July 19th, 2020, using the keywords 
“photorefractive keratectomy”, “PRK”, “SMILE”, “Small Incision lenticule 
Extraction”, “tonometry”, “tonometer”. The search was limited to human studies. 

Correspondence: Barry Yat Ming Yeung  
CAP Medical Center, Rm 501-502, Hang 
Shing Building, 363 Nathan Road, Hong 
Kong  
Tel +852 23329830  
Fax +852 23326896  
Email bymyeung@gmail.com

Clinical Ophthalmology                                                                        Dovepress
open access to scientific and medical research

Open Access Full Text Article

submit your manuscript | www.dovepress.com Clinical Ophthalmology 2020:14 3305–3323                                                                 3305

http://doi.org/10.2147/OPTH.S278167 

DovePress © 2020 Chow and Yeung. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/ 
terms.php and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing 

the work you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. 
For permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

C
lin

ic
al

 O
ph

th
al

m
ol

og
y 

do
w

nl
oa

de
d 

fr
om

 h
ttp

s:
//w

w
w

.d
ov

ep
re

ss
.c

om
/

F
or

 p
er

so
na

l u
se

 o
nl

y.

http://orcid.org/0000-0002-1849-8586
http://orcid.org/0000-0003-1097-9702
mailto:bymyeung@gmail.com
http://www.dovepress.com
http://www.dovepress.com
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress
http://www.dovepress.com/permissions.php


A total of 93 articles were found using this search strategy. 
These articles were then manually curated by S. C. Chow 
to include those concerning the use of tonometers or 
biomechanical properties of cornea in post PRK or post 
SMILE eyes. Articles on animal research, in non-English 
language with no English abstract, review articles were 
excluded. Furthermore, studies concerning the use of ton
ometers in eyes performed with other surgery, not per
formed with PRK or SMILE, were excluded. The 
references of the curated articles were also checked to 
yield further relevant articles.

Results
A total of 42 relevant articles were reviewed after manual 
curation. A total of 29 prospective studies and 13 retro
spective studies were curated (Table 1). There were 32 
articles investigated in the use of tonometers or biomecha
nical properties of cornea in post PRK eyes8–39 and 11 
articles investigated in the use of tonometers or biomecha
nical properties of cornea in post SMILE eyes.38,40–49

Photorefractive Keratectomy
Corneal Biomechanical Properties After PRK
After PRK, the central corneal thickness (CCT) will decrease 
significantly when compared with pre-surgery.11,12,31,36,37,39 

Study by Hamed Azzam has demonstrated a significant 
reduction of mean CCT by 75.5μm in post PRK eyes, when 
compared with the mean CCT before operation.12 Munger 
showed that the measured change in CCT is found to be 
dependent on the amount of spherical correction 
during PRK in hyperopic eyes, but not on the cylindrical 
correction.31 Six months after PRK, every diopter of applied 
spherical correction will result in 5.0± 0.9μm of corneal 
thinning. After 12 months of PRK, 4.1 ± 1 μm per diopter 
of spherical correction was reported. After 18 months, 2.5± 
1.2 μm of CCT change per diopter was reported.31 A sig
nificant reduction in keratometry of 5.56 D was also reported 
(P<0.05).12 Another study by Zare demonstrated a significant 
reduction in corneal resistance factor and corneal hysteresis 
in post PRK eyes when compared with their preoperative 
baseline.37 The study also compared the effect of PRK with 
or without adjunctive mitomycin C on postoperative IOP 
readings and corneal biomechanical properties, which were 
measured by Goldmann applanation tonometry and ocular 
response analyzer. The result showed that the use of mito
mycin C intraoperatively in PRK did not significantly affect 
the postoperative IOP readings and corneal biomechanics.

Goldmann Applanation Tonometer in Post PRK Eyes
Goldmann applanation tonometry is a device for measur
ing IOP. It is based on the Imbert Fick principle. The 
principle states that the pressure within a flexible elastic, 
thin and dry sphere equals to the force required to flatten 
its surface divided by the flattened area. The thickening of 
cornea will result in falsely high reading while its thinning 
will result in falsely low readings.9,13 Eyes after perform
ing PRK may affect the corneal thickness and hence, this 
will result in inaccurate results for IOP measurement using 
Goldmann applanation tonometer.

Changes in Measured IOP After Operation 
A total of 15 studies have demonstrated a significant reduc
tion in the measured IOP by Goldmann applanation ton
ometer in post PRK eyes when compared with the baseline 
before operation.9,12,13,15,16,20,24,29–32,35,38,39,50 Aristeidou 
demonstrated a fall in measured IOP value by Goldmann 
applanation tonometer before and after PRK. The preopera
tive measurement of IOP was 12.9± 2.8 mmHg, which was 
then reduced to 11.4 ±2.9mmHg after one month, 11.1 
±2.3 mmHg after three months, 11.1 ±2.5 mmHg after 6 
months and 11.0 ±2.8 after 12 months.16 A similar result 
was also demonstrated by Rosa, showing a significant 
underestimation in post PRK eyes by Goldmann applana
tion 1 month, 6 months and 12 months when compared to 
the baseline of preoperative eyes.32

Relationship Between Changes of Measured IOP, CCT and 
Corneal Curvature 
The significant reduction of IOP by Goldmann applanation 
tonometer in post PRK eyes was shown to be related to the 
CCT and corneal curvature.9,13,15,29,37,50 Garzozi found a 
significant correlation between the percentage change in 
IOP by Goldmann applanation tonometer and the percen
tage change in keratometry and CCT.9 In post PRK eyes, 
4% reduction in CCT will not result in a change in IOP 
measured by Goldmann applanation tonometer. However, 
for eyes showing more than 4% drop in CCT, there will be 
a 1:1 reduction in Goldmann applanation tonometer mea
sured IOP9. Another study by Sadigh illustrated that in 
every 1 μm of reduction in CCT, the measured IOP by 
Goldmann applanation tonometer will decrease by 
0.03 mmHg by the univariate linear regression.13 In the 
study by Munger, there was a significant correlation 
between the change in CCT and change in measured IOP 
by Goldmann applanation tonometer (decrease of 
2.1mmHg per 100 microns of corneal thinning)(P<0.05).29
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Another study by Munger has demonstrated that the 
relationship between CCT and measured IOP by 
Goldmann applanation tonometer will increase at different 
time intervals after PRK.31 A significant relationship was 
found between the measured CCT and IOP measured by 
Goldmann applanation tonometer. The relationship 
increased from preoperation 1.7mmHg/100 μm to 
2.11 mmHg/100 μm 6 months postoperation. This shows 
that CCT is a significant predictor of IOP measured by 
Goldmann applanation tonometer.31 However, an insignif
icant correlation between the changes in IOP and changes 
in CCT in postoperative eyes is not found at any time 
point. The change in measured IOP in different eyes on a 
given change in CCT varied greatly at any time point.31

Measurement at the Central Cornea versus Peripheral 
Cornea 
Schipper demonstrated that the mean IOP measured at the 
temporal cornea by Goldmann applanation tonometer was 
significantly higher than the central after one and three 
months PRK (P<0.0001).10 No significant difference was 
found between the measured IOP by Goldmann tonometer 
over the central cornea and temporal cornea before opera
tion, showing that PRK may affect the CCT and hence 
affect the accuracy of measured IOP by Goldmann appla
nation tonometer.

Relationship Between Preoperative Refractive Error and 
Postoperative Measured IOP 
Gimeno suggested that by observation, a greater number 
of diopter before surgery may have a greater decrease in 
tonometry.33 In the cases of eyes less than −5D before 
surgery, 63.5% of eyes have a decrease in tonometry by 
Goldmann applanation tonometer after PRK. Meanwhile, 
as for eyes more than −5D, 78.4% of eyes have a decrease 
in tonometry after PRK. However, no significant differ
ence was found when comparing the two groups 
(P=0.173).33

Noncontact Tonometer in Post PRK Eyes
Noncontact tonometer is based on the principle of appla
nation. The deformation of corneal apex is caused by a jet 
of air. It measures the time required to flatten the cornea 
for the measurement of IOP.9 Because of its convenience, 
sterility and safety, it is common in clinical practice, 
especially for screening.19 It is yet important to note that 
it is accurate only when the IOP is in low to middle range.9 

A total of ten studies have investigated the use of 

noncontact tonometer in eyes that had undergone 
PRK.8,9,12,18–24

Changes in Measured IOP After Operation 
Four studies have demonstrated a significant reduction in 
the measured IOP by noncontact tonometer in postopera
tive PRK eyes when compared with preoperative mea
sured baseline IOP.18–20,23 Garzozi has demonstrated a 
significant reduction of measured IOP by noncontact ton
ometer when comparing preoperative and 12 months post
operative eyes (13.51 mmHg vs 12.074 mmHg).9 

Chatterjee demonstrated the change in IOP before and 
after operation in eyes performed with PRK and eyes 
were not performed with PRK, measured by non-contact 
tonometry. As concluded in this study, eyes performed 
with PRK had a greater reduction in IOP (3.5±2.7mmHg 
vs 0.3 ± 2.4 mmHg).23 Another study performed by 
Tamburrelli compared measured IOP by noncontact ton
ometer and corrected IOP by Orssengo and Pye formula 
(IOPC), which takes corneal curvature and CCT into 
account, in post 6-month PRK eyes during a water drink 
test.18 The measured IOP and IOPC were significantly 
lower than in postoperative eyes when compared with 
their preoperative baseline by multivariate analysis of 
variance.

Relationship Between Changes of Measured IOP, CCT and 
Corneal Curvature 
The reduction of measured IOP in eyes after PRK may be 
due to the reduction of corneal thickness and curvature and 
tissue softening after healing.20 Cernak and Zhang have 
demonstrated a significant correlation between the reduc
tion of IOP before and after operation and corneal thick
ness and curvature (P<0.05).21,22

Noncontact Tonometer versus Goldmann Applanation 
Tonometer 
Three studies have demonstrated different results by com
paring the reduction of measured IOP in Goldmann appla
nation tonometer and noncontact tonometer before and 
after PRK operation.9,12,24 Garzozi has shown that a 
greater reduction in measured IOP was found in 
Goldmann applanation tonometer when compared to non
contact tonometer (1.504mmHg vs 1.436 mmHg).9 

However, Abbasoglu et al and Hamed-Azzam suggested 
that there is no significant difference between the mea
sured IOP by the two tonometers in post PRK eyes.12,24
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Measurement at the Central Cornea versus Peripheral 
Cornea 
Abbasoglu has measured IOP by Goldmann tonometry and 
pneumotonometry at the central and peripheral cornea in 
eyes in post PRK eyes at different time intervals, including 
1 week, 1 months and 3 months after surgery.24 No sig
nificant difference was found between central or peripheral 
measured IOP.

Relationship Between Preoperative Refractive Error and 
Postoperative Measured IOP 
Myopic eyes underwent PRK or LASIK were found to 
have a greater difference in preoperative and postoperative 
measurement of IOP when compared to hyperopic eyes by 
non-contact tonometer. Schallhorn performed a retrospec
tive study, demonstrating that eyes performed with either 
LASIK or PRK had a lower IOP measured by noncontact 
tonometer, when compared to pre-operation.8 Myopic eyes 
performed with LASIK has a greater decrease in mean 
IOP when comparing preoperative and one month after 
surgery (4.57mmHg vs 2.28 mmHg). Similar trend is also 
demonstrated in eyes after performing PRK (preoperative 
0.83mmHg vs 1-month postoperative 2.28 mmHg). The 
study also showed that for every 1Diopter correction of 
myopic correction, the postoperative measured IOP will be 
decreased by 0.4mmHg in eyes performed with LASIK 
and PRK. In hyperopic eyes performed with LASIK, for 
every 1 Diopter correction, the IOP measured post-opera
tion will be lowered by 0.063mmHg at one month.8

To determine the true IOP in eyes performed PRK by 
noncontact tonometer, correction will be needed to prevent 
underestimation of the IOP. Montes-Mico suggested that a 
correction of adding 0.5mmHg/D of myopic correction is 
needed, while another study by Chatterjee suggested an 
equation: IOP drop (mmHg) = 1.6-(0.4 x treatment MSE 
diopters), in which the measured IOP drop must be added 
to the measured IOP by tonometer in post PRK eyes.20,23

Tonopen in Post PRK Eyes
Tonopen is a device based on the principle of Mackay- 
Marg tonometer. It is a handheld, portable and miniatur
ized electronic contact tonometer.9 It works by the use of 
probe tip with a transducer in contact with the cornea. A 
total of four studies had investigated on the measurement 
of IOP in eyes performed with PRK by Tonopen, showing 
a decrease in the measured IOP after PRK when compared 
with preoperative measured IOP.9–12

Changes in Measured IOP After Operation (Central 
Cornea versus Peripheral Cornea) 
IOP can be measured by Tonopen at the central (Tonopen- 
C) or temporal peripheral (Tonopen-P) of the cornea.9 Two 
studies demonstrated that Tonopen C tends to have a 
greater difference between the measured IOP before and 
after PRK than Tonopen P, while one study did not demon
strate significant difference.9–11 Garzozi has shown that 
the reduction of measured IOP by Tonopen C is higher 
than TonoPen P, when comparing pre PRK with 1 month 
post PRK (1.295mmHg vs 0.227mmHg).9 A similar result 
was shown in the study by Schipper et al, showing that the 
postoperative mean IOP measured by Tonopen C was 
lower than Tonopen P (P<0.0001).10 The preoperative 
mean IOP has no significant difference between the two 
groups. However, Hamed Azzam has demonstrated an 
insignificant difference between Tonopen C and Tonopen 
P in the change of delta IOP after the operation 
(0.99mmHg vs 0.92mmHg, respectively).12

Relationship Between Changes of Measured IOP and CCT 
Two studies have investigated the correlation between 
measured IOP by Tonopen and corneal thickness.9,12 

Hamed Azzam and Garzozi have demonstrated significant 
correlation between CCT and the change in IOP after 
operation by Tonopen.12 A less prominent correlation 
between change of IOP by Tonopen P and percentage 
change in CCT and keratometry was found when com
pared with Tonopen C.

Tonopen versus Goldmann Applanation Tonometer 
All studies suggested that the difference in measured IOP 
before and after PRK was greater in Goldmann applana
tion tonometer when compared with Tonopen P and 
Tonopen C.9–12 The study by Levy found that the mean 
measured IOP by Goldmann applanation tonometer was 
significantly lower than Tonopen C in post PRK eyes 
(P=0.012).11 This suggests that the IOP measurement by 
Tonopen is more accurate than Goldmann tonometer in 
eyes after performing PRK.

Dynamic Contour Tonometry in Post PRK Eyes
Dynamic contour tonometry is a device for the measure
ment of IOP by a non-applanating method.13 The measure
ment is based on corneal contour matching and a solid 
state sensor. The measurement is independent from the 
corneal factors and can be mounted on a slip lamp for 
the measurement of IOP13. A total of five studies have 
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studied the use of dynamic contour tonometry in eyes 
performed with PRK.13–16,38

Changes in Measured IOP After Operation 
No significant change in the measured IOP by dynamic 
contour tonometry was found when comparing pre-PRK 
eyes and 3 months post PRK eyes in the study by Chen.38

Relationship Between Changes of Measured IOP and CCT 
No significant correlation between the change in CCT and 
the change in IOP measured by dynamic contour tonome
try was reported in two studies.13,15 Sadigh has shown that 
there was no significant correlation between CCT changes 
and IOP measured by dynamic contour tonometry, but a 
significant correlation was found between CCT changes 
and changes in IOP measured by Goldmann applanation 
tonometer, before and 6 months after operation (P=0.44 vs 
P<0.001).13 A similar result was also shown in 
Roshowska, showing that the measurement of IOP by 
dynamic contour tonometry is independent from CCT.

Dynamic Contour Tonometry versus Other Tonometers 
All studies had demonstrated that the measured IOP in post 
PRK eyes by Goldmann applanation tonometer was lower than 
dynamic contour tonometry 13–16,38. The result is within expec
tation as dynamic contour tonometry is theoretically indepen
dent from corneal factors. Study performed by Aristeidou 
showed that the mean IOP measured by Goldmann applanation 
tonometer was significantly lower than IOP measured by 
dynamic contour tonometry after the 1st month, 3rd month, 
6th month and 12th month after PRK, showing that dynamic 
contour tonometry may be a better device for IOP measure
ment when compared with Goldmann applanation tonometer 
16. Furthermore, there was a lack of agreement between 
Goldmann applanation tonometer and dynamic contour tono
metry measured IOP in 6 months postoperative eyes, showing 
a mean difference of −2.4mmHg.15

Roszhowska compared the measured IOP in eyes per
formed with PRK by different devices, showing that no 
significant difference in measured IOP was found between 
dynamic contour tonometry and Corvis ST, but a signifi
cant difference was found between the IOP measured by 
Goldmann applanation tonometer and Corvis ST.15

Dynamic Scheimpflug Analyser (Corvis ST) in Post 
PRK Eyes
Corvis ST is a new noncontact tonometer, which uses a 
455 nm wavelength light-emitting diode and 4330 frames 

per second Scheimpflug camera to record the dynamic 
reaction of cornea to a high-intensity air impulse.27 

Various dynamic corneal response parameters measured 
by the dynamic Scheimpflug analyzer will be used to 
analyse the loading and unloading pattern of deformation 
of cornea at the highest concavity and applanation.26 New 
corneal biomechanical response parameters such as defor
mation amplitude ratio 2.0mm, integrated inverse radius, 
stiffness parameter at first applanation and Ambrosio rela
tional thickness are introduced recently. The parameters 
will be used for calculation of biomechanically corrected 
IOP.26,27 A total of five studies investigating the use of 
Corvis ST in post PRK eyes were found14,26,27,38,39.

Changes in Measured Biomechanically Corrected IOP 
After Operation 
No significant difference is found in biomechanically cor
rected IOP measured by Corvis ST in post PRK eyes when 
compared with the baseline (P=0.101).26,38 Chen 2020 has 
demonstrated an insignificant change in the biomechani
cally corrected IOP (bIOP) when comparing preoperative 
and 3 months postoperative eyes (P=0.6784).38 Hassan 
demonstrated significant differences in pachymetry, sec
ond applanation velocity, radius in 1-month post PRK eyes 
when compared with preoperative baseline. However, no 
significant differences in found in other parameters such as 
IOP, first applanation time, first applanation velocity.28 

The study also suggests that Corvis ST is a handy and 
accurate device for assessing ocular biomechanical proper
ties and biomechanically corrected IOP after PRK.

Corvis ST versus Other Tonometers 
Lee and Lanza had compared Corvis ST with other 
tonometers.14,26 Lanza has demonstrated that the measured 
IOP by Goldmann applanation tonometer is significantly 
lower than the corneal properties corrected IOP by Corvis 
ST in post PRK eyes (P<0.014).14 No significant difference is 
found between the IOP measured by dynamic contour tono
metry and Corvis ST14. Lee has compared the biomechani
cally corrected IOP measured by Corvis ST and IOP 
measured by noncontact tonometer in post PRK eyes, show
ing that the corrected IOP by Corvis ST has a significantly 
smaller difference between pre and post PRK when com
pared with the measured IOP by noncontact tonometer.26

Repeatability and Reproducibility of Corvis ST 
Chen studied about Corvis ST’s the intraobserver and 
interobserver as well as their repeatability and 
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reproducibility of Corvis ST in post PRK eyes.27 The 
results suggested good intraobserver and interobserver 
reproducibility in the IOP, CCT and first applanation 
time. A good or close to good repeatability and reprodu
cibility were reported in terms of deformation amplitude. 
For the second applanation time, a close to good repeat
ability and yet a not good reproducibility were reported.27

Tonopachymetry in Post PRK Eyes
Tonopachymetry is a combination of non-contact tonome
try and pachymetry. The CCT is measured by Scheimpflug 
camera system while the IOP is measured by non-contact 
tonometry.25 The IOP is then corrected by the measured 
CCT automatically. Hahn demonstrated a higher repeat
ability in terms of CCT and IOP measured by tonopachy
metry when compared with US pachymetry and Goldmann 
applanation tonometer 25. Significant difference is found 
between the corrected IOP by tonopachymetry and cor
rected IOP by US pachymetry and Goldmann applanation 
tonometer in nonsurgical and post PRK eyes. The average 
CCT measured by tonopachymetry was found to be sig
nificantly thicker than US pachymetry in both post PRK 
eyes and nonsurgical eyes (7.35µm vs 17.76µm). The 
overestimation in CCT was found to be greater in post 
PRK eyes than non-surgical eyes (P<0.001). However, a 
close agreement with clinically acceptable range of limits 
of agreement between the corrected IOP and CCT by 
tonopachymetry and US pachymetry was reported in the 
Bland Altman plot, which shows that tonopachymetry is 
one of the alternatives for US pachymetry and Goldmann 
applanation tonometer for measuring corrected IOP in post 
PRK eyes.25

Ocular Response Analyser in Post PRK Eyes
Ocular response analyser is a form of pneumotonometer 
for the measurement of IOP. It uses an electro-optical 
detector to measure two applanation pressure for the mea
surement of corneal hysteresis so as to compensate for the 
corneal biomechanical properties.17 A limited number of 
studies have investigated the use of ocular response ana
lyzer in post PRK eyes.14,17,38

Chen has demonstrated a significant reduction in the 
corneal compensated IOP by ocular response analyzer in 3 
months post PRK eyes when compared with pre PRK 
eyes. The study demonstrated an insignificant change in 
the IOP measured by Corvis ST and Dynamic Contour 
tonometry, showing that ocular response analyzer may 

not be as accurate as the IOP measured by the two afore
mentioned tonometers.38

Another study performed by Lanza showed that the 
measured IOP by ocular response analyzer in post PRK 
eyes was found to be significantly higher than Goldmann 
applanation tonometer (P<0.0001).14 No significant corre
lation between CCT measures, corneal curvature and ocu
lar response analyzer measures were found in eyes 
performed with PRK.14 Further studies are required to 
investigate the use of ocular response analyzer in terms 
of accuracy for measurement of IOP in post PRK eyes.

The study performed by Landoulsi had underwent 10 
ocular response analyzer measurements in the included 
eyes for the calculation of intraclass correlation coefficients, 
which is for the assessment of the agreement level.17 It 
showed that in post PRK patients, none of the parameters 
have reached 0.6, the lower limit of substantial agreement.17

Small Incision Lenticule Extraction
Corneal Biomechanical Properties After SMILE
Eight studies have demonstrated the change in corneal 
biomechanical properties in post SMILE eyes. However, 
the resulting conclusion of corneal biomechanical proper
ties varies in different studies.40–42,45–49

Hosny, Li and Shen demonstrated a significant 
decrease in corneal hysteresis and corneal resistance factor 
in post SMILE eyes when compared with preoperative 
eyes.40–42 Pedersen demonstrated that CH and CRF in 
post SMILE eyes were significantly lower when compared 
with healthy eyes by ocular response analyzer.45 However, 
the study by Fu only showed a significant decrease in 
corneal resistance factor but an insignificant change in 
corneal hysteresis when comparing post SMILE eyes 
with pre-SMILE eyes.49

For CCT, Li and Shen demonstrated a significant 
reduction in post SMILE eyes.41,42 For flat keratometry, 
steep keratometry, mean keratometry, Li demonstrated a 
significant reduction in 1 month, 3 months and 6 months 
after SMILE when compared with pre-operation.41

Both Fu and Pedersen have found an insignificant 
difference in the first applanation time, deformation ampli
tude of corneal apex at highest concavity phase.45,49 

Pedersen also suggested that there was an insignificant 
difference in the highest concavity radius, the highest 
concavity deflection length, the first and second applana
tion time between post SMILE eyes and healthy eyes.45 

Fernandez and Mastropasqua demonstrated a significant 
change in the first and second applanation time in post 
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SMILE eyes.46,47 Shen demonstrated an insignificant 
change in peak distance, applanation time at the highest 
concavity, the second applanation time, the first applana
tion length, and the second applanation length in post 1 
day SMILE eyes.42

A significant increase in deformation amplitude was 
reported in post SMILE eyes by Shen, Pedersen, 
Mastropasqua and Fernandez.42,45–47 Yu demonstrated 
that in eyes performed with SMILE, the surrounding cor
nea would move slightly forward and the central posterior 
cornea would move slightly backward and return to nor
mal gradually.48

Goldmann Applanation Tonometry in Post SMILE Eyes
Changes in Measured IOP After Operation 
Three studies have investigated into the measured IOP by 
Goldmann applanation tonometer in post SMILE eyes, all 
showing a significant reduction in the measured IOP by 
Goldmann applanation tonometry.38,40,43 Hosny has 
demonstrated a significant reduction in measured post 
SMILE IOP by Goldmann applanation tonometer when 
compared with preoperative IOP (P<0.001). The change 
in Goldmann applanation tonometer was found to be −5.30 
±2.67 mmHg.40 Chen demonstrated that the Goldmann 
applanation tonometer measured IOP has shown a signifi
cant reduction in measured IOP at 1 month, 3 months and 
6 months after operation when compared with preopera
tive baseline IOP (P<0.001) (43). Another study by Chen 
has demonstrated a significant reduction in measured IOP 
by Goldmann applanation tonometer in eyes 3 months 
after SMILE when compared with the baseline IOP, a 
reduction of mean −2.83 mmHg was reported.38

Relationship Between Changes of Measured IOP and CCT 
A significant correlation between postoperative IOP by 
Goldmann applanation and CCT was reported in post 
SMILE eyes.43

Noncontact Tonometer in Post SMILE Eyes
Changes in Measured IOP After Operation 
A limited number of studies have investigated the use of 
noncontact tonometer in post SMILE eyes. A significant 
decrease in IOP measured by noncontact tonometer at 1 
month, 3 months and 6 months after SMILE was demon
strated in study by Li (P<0.001).41 Similar results were also 
demonstrated in Fu, showing a significant reduction in mea
sured IOP by noncontact tonometer in eyes at 1 week, 1 
month and 3 months after SMILE when compared with 
preoperative measured IOP (P=0.006).49 By the multiple 

linear regression models, definite regression coefficients 
were reported between the change in IOP by noncontact 
tonometer and other influencing factors, including postopera
tive corneal resistant factor, corneal hysteresis, Kf and pre
operative IOP.41 Another study by Shen showed a similar 
result of the IOP by noncontact tonometer, having a signifi
cant decrease in measured IOP after the SMILE procedure.42

Noncontact Tonometry versus Other Tonometers 
When compared with bIOP by Corvis ST, IOP by non
contact tonometer showed a greater reduction in measured 
IOP in eyes at 1 month and 3 months after SMILE. It has a 
smaller reduction when compared with Goldmann cor
rected IOP and cornea compensated IOP by ocular 
response analyzer at 1 week, 1 month and 3 months after 
SMILE.49

Ocular Response Analyzer in Post SMILE Eyes
Changes in Measured IOP After Operation 
A significant reduction of corneal compensated intraocular 
pressure (IOPcc) by ocular response analyzer in post SMILE 
eyes was found when compared with pre-SMILE eyes.27,38,41 

The ocular response analyzer used in the study by Li included 
parameters including corneal resistance factor, corneal hys
teresis, Goldmann correlated IOP (IOPg), and corneal com
pensated IOP (IOPcc).41 Corneal compensated IOP is the 
estimated IOP by compensating corneal properties to pro
duce a more accurate value in post-refractive surgery eyes. 
Both IOPg and IOPcc have a significant reduction when 
comparing post 1 month, 3 months, 6 months with the base
line preoperative values (P<0.001).41

Relationship Between Changes of Measured IOP and 
Biomechanical Properties of Cornea 
No significant correlation was found between changes in 
IOPcc in post SMILE eyes and changes in CCT, flat 
keratometry, steep keratometry, mean keratometry, and 
corneal resistant factor by Li.41 Only significant correla
tion was found between the change in IOPcc in post 
SMILE eyes and the change in corneal hysteresis. 
Similar results were demonstrated in Hosny, showing the 
decline of post SMILE IOP and the post SMILE pachy
metry, lenticule thickness or CCT.40

Ocular Response Analyzer versus Other Tonometers in 
Post SMILE Eyes 
Fu showed that both Goldmann correlated IOP and cornea 
compensated IOP by ocular response analyzer had a 
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significant decrease in post SMILE eyes at 1 week, 1 
month and 3 months (49). The reduction was shown to 
be greater than bIOP by Corvis ST and IOP by noncontact 
tonometer.49 Hosny has demonstrated a significantly lower 
postoperative IOP than the preoperative IOP by Goldmann 
applanation tonometer and ocular response analyzer 
(IOPcc).40 The measured IOP by Goldmann applanation 
tonometer was significantly lower than ocular response 
analyzer in post SMILE eyes (P<0.001).40

Pentacam Scheimpflug Images with Noncontact 
Tonometer in Post SMILE Eyes
The study by Li has used the measured IOP by noncontact 
tonometer, with the measured corneal thickness and cur
vature by Pentacam to calculate the corrected IOP in post 
SMILE eyes, using the five different formulas.41 The five 
formulae include Ehlers, Shah, Dresden, Kohlhaas, 
Orssengo/Pye formulae. All of the IOP by the formulae 
showed an insignificant reduction in IOP at 1 month after 
SMILE, except for Ehlers. An insignificant reduction in 
IOP at 3 months and 6 months after SMILE was reported 
in Dresden, Orssengo, and Kohlhaas while a significant 
reduction was reported in Ehlers and Shah.

Dynamic Contour Tonometer in Post SMILE Eyes
A study performed by Chen has demonstrated a significant 
reduction in measured IOP by dynamic contour tonometry 
in post 3 months SMILE eyes when compared with pre- 
operation.38 Further studies are required to investigate into 
the use of Dynamic contour tonometer for the measure
ment of IOP in post SMILE eyes.

Dynamic Scheimpflug Analyzer Tonometry (Corvis 
ST) in Post SMILE Eyes
Changes in Measured IOP Before and After Operation 
The IOP measured by the standard dynamic Scheimpflug 
analyzer was shown to have a significant reduction after 
SMILE when compared with preoperative baseline 
IOP.43–46 Shen investigated into the change in IOP mea
sured by Corvis ST in the early phase after SMILE. A 
significant reduction in the measured IOP by Corvis ST at 
20 minutes and 24 hours after SMILE was recorded, 
when comparing with preoperative baseline. The study 
also suggested that the main predictors of postoperative 
Corvis ST IOP value were postoperative first applanation 
time value, preoperative CCT value and postoperative PD 
value. No significant association was found between 
postoperative Corvis ST IOP and age, postoperative 

CCT, manifest refraction spherical equivalent, corneal 
curvature or other parameters.42

As for the biomechanically corrected IOP, which 
makes use of the new algorithm by Corvis ST, studies 
have shown that it was better in measuring the IOP after 
SMILE when compared with the IOP measured by the 
standard Scheimpflug analyzer.43 Chen reported an insig
nificant correlation between post SMILE bIOP and CCT, 
but a significant correlation between the postoperative IOP 
by conventional Scheimpflug analyzer.43 No significant 
reduction of bIOP in post SMILE eyes, when compared 
with preoperative baseline bIOP, was reported by Chen.43 

However, Fernandez demonstrated that biomechanically 
corrected IOP showed a significant difference after 
SMILE. bIOP showed a smaller reduction when compared 
with conventional IOP measured with dynamic 
Scheimpflug analyser.46

Corvis ST versus Other Tonometers 
Another study by Chen demonstrated that the biomecha
nically corrected IOP has a significant reduction of 
−1.46 mmHg after SMILE when compared with preopera
tive bIOP. When compared with Goldmann applanation 
and ocular response analyzer measured IOPcc, the IOP 
measured by dynamic contour tonometry has a smaller 
reduction.38 Fu also showed that bIOP has no significant 
difference between pre-SMILE eyes and post SMILE eyes, 
while IOP measured by the noncontact tonometer, ocular 
response analyzer showed significant reduction after 
SMILE.49

Discussion
IOP was found to be major risk factors for glaucoma.5,51 

Studies have shown that in eyes performed 
photorefractive keratectomy or small incision lenticule 
extraction, the corneal biomechanical properties will be 
altered.12,31,37,40–42,45–49 The measured IOP of tonometers 
such as Goldmann applanation tonometry, noncontact ton
ometer, Tonopen were found to be correlated with the 
corneal biomechanical properties such as central corneal 
thickness and corneal curvature.9–13,21,22 This suggest that 
accuracy for measuring IOP in eyes performed with PRK or 
SMILE is of paramount importance. Therefore, this review 
will focus on discussing the accuracy of different ton
ometers in post PRK or SMILE eyes.

In post PRK eyes, previous studies have shown that a 
significant change in the measured IOP by Goldmann 
applanation tonometer, noncontact tonometer, Tonopen 
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and ocular response analyser. Dynamic contour tonometry 
and Corvis ST are found to have no significant changes in 
eyes performed with PRK. This shows that Corvis ST and 
Dynamic contour tonometry have a better performance in 
terms of accuracy. The result is expected as the two 
devices corrected the measured IOP by the biomechanical 
properties of the cornea, which is a major cause of 
inaccuracy.

In post SMILE eyes, similar results are also obtained, 
showing that Goldmann applanation tonometer, noncon
tact tonometer, ocular response analyser and dynamic con
tour tonometer have a significant change in measured IOP 
after operation. The biomechanically corrected IOP by 
Corvis ST was found to be more accurate and have less 
reduction in measured IOP than the aforementioned 
devices.

Despite there may be inaccuracy in the measurement of 
IOP using tonometers other than Corvis ST and Dynamic 
contour tonometry, other tonometers also have their own 
advantages and shall be considered for the measurement of 
IOP in post PRK eyes or post SMILE eyes. Goldmann 
applanation tonometer is the gold standard in IOP mea
surement and is commonly used for the measurement of 
IOP. Ophthalmologists may have an easier access to the 
device. Study by Schipper has demonstrated the IOP mea
sured by Goldmann applanation tonometer at the temporal 
cornea may have a better accuracy when compared to 
central corneal in post one and three months PRK eyes.10 

Furthermore, ophthalmologists can take the results from 
pachymetry of the operated eye into consideration while 
interpreting the IOP measured by Goldmann applanation 
tonometer in operated eyes.

Noncontact tonometry is known for its convenience 
and safety, hence it is commonly used for screening. 
Tonopen is also commonly used due to its portable size 
and its inaccuracy can be improved by measuring the IOP 
at the temporal peripheral region of the cornea instead of 
the central cornea.12 A greater difference in measured 
IOP before and after PRK was found in Goldmann appla
nation tonometer when compared with Tonopen P and 
Tonopen C.9–12 This shows that Tonopen may have a 
more accurate result in measured IOP in post PRK eyes. 
Ocular response analyzer is also demonstrated to have a 
better accuracy in terms of IOP measurement when com
pared with Goldmann applanation tonometer in post PRK 
and post SMILE eyes.14

Accurately knowing the IOP value is helpful for diag
nosing glaucoma and glaucoma screening as it is a major 

risk factor. It is important for ophthalmologists to appreci
ate the chances of discrepancies in the measurement of 
IOP in eyes performed with PRK or SMILE. Dealing with 
this, Corvis ST or dynamic contour tonometry might be 
able to provide a more accurate IOP value. Other measures 
such as indirect fundoscopy, visual field assessment, ocu
lar coherence tomography should also be performed once 
there is a raise of suspicion of glaucoma. While for fol
lowing post PRK or SMILE eyes with glaucoma over 
time, any IOP tool, such as Goldmann applanation tono
metry or noncontact can be used, because the change of 
IOP during follow-up matters for monitoring glaucoma 
cases. By reducing the IOP by 30–50% from baseline, 
the progression of glaucoma would usually stop.52 

Therefore, the change of IOP is more important during 
glaucoma follow-up. During the use of noncontact ton
ometer, ophthalmologists should also be aware of the 
chances of inaccuracy in high IOP eyes, as previous stu
dies have shown that noncontact tonometer was found to 
be less reliable between 20 and 30 mmHg.53

Conclusion
The biomechanically corrected IOP measured by Corvis 
ST and IOP measured by Dynamic contour tonometry 
were found to be accurate in post PRK eyes. For eyes 
performed with SMILE, Corvis ST was found to be more 
accurate for measuring IOP than other tonometers. Other 
tonometers such as Goldmann applanation tonometer, non
contact tonometry, Tonopen, ocular response analyzer can 
also be used for measuring IOP in eyes performed photo
refractive keratectomy or small incision lenticule extrac
tion in clinical practice; however, it is important for 
ophthalmologists to take note of the chances of 
discrepancies.
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