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BACKGROUND: Introduction and use of various tonometry methods can lead to misinterpretation of intraocular pressure
results and influence the choice of treating approaches by ophthalmologist in a glaucoma patient.

AIM: To compare pneumotonometry and rebound tonometry results with Maklakov's applanation tonometry and to develop
corrections for their comparability.

MATERIALS AND METHODS: The study included 75 patients. All subjects underwent Maklakov applanation tonometry
(10 g) and pachymetry (Topcon SP-3000P). In 48 patients (94 eyes) of the 1 group, pneumotonometry (TONOREF™ || Nidek)
was performed, and 27 patients of the 2" group (52 eyes) underwent rebound tonometry (iCare™ IC-100).

RESULTS: The mean difference in intraocular pressure level in the 1% group was -4.81 (p<0.001), and in
the 2" —0.98 mmHg (p = 0.399). Both methods — pneumo- and rebound tonometry showed underestimated results with
intraocular pressure less than 23.0 and 22.5 mmHg (respectively) relative to applanation tonometry and, conversely,
overestimated intraocular pressure when these values were exceeded. A significant (p < 0.001) strong (R? = 0.86) relation-
ship between applanation and rebound tonometry was obtained, which made it possible, using regression analysis, to develop
a formula for recalculating results of iCare tonometry into those of Maklakov tonometry: Py, ikoy = 0-40 X P, + 13.44.

CONCLUSIONS: Both pneumo- and rebound tonometry demonstrate adequate results of P, with intraocular pressure below
23.0 and 22.5 mmHg (respectively) and overestimate the results when these values are exceeded. The developed formula al-
lows converting the results of iCare tonometry into the values of the Maklakov's tonometry.
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CpaBHeHMe M conocTaBUMOCTb pe3ysibTaToB NHeBMO-
U PUKOLLIETHOW TOHOMETPUM C anmniaHaLUOHHOM
ToHoMeTpueu no MaknakoBy
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AxkmyanbHocme. BHepeHne 1 UCnoNib30BaHWe PasfMyHbIX METOAUK TOHOMETPUM MOXET NPUBOANUTD K HEACHOCTM B OLIEH-
Ke BHYTPUINa3HOro LaBfieHUs U BNUATL Ha BbIDOP BPa4OM-0(TaNbMOIOrOM TaKTUKM JIEYEHUS MALMEHTA C 1ayKOMOIA.

Llen pabomel — cpaBHeHWE [aHHBIX MHEBMO- M PUKOLLETHOW TOHOMETPUM C annniaHaLMOHHON TOHOMETpUeN no Makna-
KOBY 1 pa3paboTka nonpaBoK A UX COMOCTaBUMOCTH.

Mamepuanelr u Memodel. B uccnegosanve Bowu 75 nauueHToB (146 rnas). BceM yyacTHUKaM 3KcnepuMeHTa MpoBo-
AMnack annnaHaumoHHas ToHoMeTpua no Maknakosy (10 r) u naxumetpus (Topcon SP-3000P). 48 nauueHTaM nepBoi rpynmb
(94 rna3a) BuinonHsanack nHeeMoToHoMeTpust (TONOREF™ Il Nidek), a 27 nauueHTam BTopoii rpynnbl (52 rnasa) — puKoLUeT-
Has ToHomeTpust (iCare™ IC-100).

Pesynemamel. CpefiHss pa3HuLA YPOBHA BHYTPUINIa3HOTO AaBNEHWS B MepBOW rpynne nauueHToB cocTaBuna —4,81
(p < 0,001), a Bo BTOpOM —0,98 MM pT. CT. (0 = 0,399). 062 MeToga — NHEBMO- W PUKOLLETHAs TOHOMETPUS — [EMOHCTPUPO-
BaJIN 3aHWKEHHbIE Pe3yNbTaThl MPW BHYTPUTNIA3HOM AaBneHun MeHee 23,0 n 22,5 MM pT. CT. COOTBETCTBEHHO OTHOCUTENBHO
annnaHauMoHHO!W TOHOMETPUM 1, HaobopoT, bonee BbiCOKWe LMbpPbl — MpU NPEBbLILLEHUM 3TUX 3Ha4eHWid. bbina nonydeHa
3HaumMas (p < 0,001) cunbhaa (R? = 0,86) cBA3b anniaHaLMOHHOA N PUKOLIETHON TOHOMETPUM, NMO3BOJIMBLLAA C MOMOLLbH0
PerpeccuoHHOro aHanu3a Bbipabotatb GopMyny Ans nepepacyéTa pesynbTaToB TOHOMeTpuu iCare B TOHOMeTputo no Makna-
KOBY: Pyanaros = 0,40 * Picare + 13,44.

Boigodel. [THeBMO- 1 PUKOLLUETHAs TOHOMETPUS AEMOHCTPUPYIOT afleKBaTHble pe3yNibTaTbl UCTUHHOTO BHYTPUrIa3HOro
AaBneHus npu odtanbMoToHyce Hiuke 23,0 U 22,5 MM pT. CT. COOTBETCTBEHHO M 3aBbILLIAKT Pe3y/bTaTbl MU NPEBbLILLEHNM
3TWUX 3HaueHWN. BbipaboTtaHHas dopMyna no3sonseT npeobpa3oBbiBaTh pe3ynbTaTbl TOHOMETPUM iCare B 3HaYeHMs annnaHa-
LIMOHHOro TOHOMeTpa MaknakoBa.

KntoueBble cnoBa: TOHOMETPUSA; Maknakos; BHYTPUrNasHoe [aBJiIeHKe; rnayKoma; iCare; NMHEBMOTOHOMETPUA; PUKOLLETHaA
TOHOMETPUA; NaXUMETPUS.
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BACKGROUND

Intraocular pressure (I0P) is the only modifiable risk
factor of glaucoma progression, at which the main treat-
ment methods are aimed [1-3]. The primary diagnosis
and the glaucoma therapy efficacy evaluation in common
with perimetry and examination of the optic nerve state
in the first instance are based on ophthalmotonometric
measurements [4].

The most common in Russia and CIS countries be-
came the method of applanation tonometry, proposed
by A.N. Maklakov in as far back as in 1884. Due to its
low cost and high accuracy, it became for many years
a gold standard for intraocular pressure measurement
[1]. However, the fact known unto few that at the start
of its implementation into the practice of ophthalmology,
it encountered a fierce resistance and rejection by the au-
thor’s colleagues. About “...how difficult for walking are
untrodden paths...”, the author tells in his monography
of 1892. We'll take the liberty to cite several passages
out of it: “...actually, | stopped (it was necessary to stop
sooner or later anyhow) on the number of 3670 studied
eyes, and relying on this rather large number, | can give
corresponding conclusions. The way that led me to these
conclusions, was not easy and pleasant. Among special-
ists, with whom | shared the obtained data, | encountered
only a theoretical sympathy, more often an indifference
or, finally, a totally incomprehensible reluctance and
hostility”.

Alexei Nikolaevich emotionally describes his attitude
to the subjective Bowmen method of pressure measure-
ment (which is still used in certain conditions and cir-
cumstances). And given the fact that at that historical
period, it was practically the main method of I0P exami-
nation, the attitude of Alexei Nikolaevich to such tough
rejection of the objective method he proposed becomes
comprehensible: “the modern medicine in its pursuit of
getting rid from all undetermined and suppositional,
bound the modern physician to be free handed to use
everything what applied physical sciences could give to
establish accurate examination methods. The estimation
of temperature to the touch is replaced by thermometry.
Examination of respiration and blood circulation organs
relies on acoustic modes, the pulse wave is recorded;
the visual field is put on paper; the interior of the eyeball
is examined using an ocular mirror; various endoscopes
are invented; visual acuity is brought to a certain norm;
the visual power is brought to numeric values, accessible
for checking and comprehensible for specialists across
the globe. Thus, all examination methods moved forward,
and only the problem of measuring the hardness of the
eyeball stays at its primary degree. Both before and now,
one continues to palpate the eyes, the obtained tactile
sensations are kept in mind and denoted as a T sym-
bol (Tensio). <...> | understand that one gram of weight,
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one degree of warmth, one Ohm, one Wolt, 1.0 of visual
acuity, etc. are equal anywhere in the world, but T n + 1
being the same everywhere not only in hands of different
researchers but even in hands of the same person —
here | have the right to have strong doubts a priori. <...>
However, in spite of an evident inadequacy, this method
still encounters violent defenders in persons of rather
serious scientists, who convincingly prove the superi-
ority of their fingers upon all other measuring devices.
| am sure that such convinced people could be able to
do their shopping without weighing device, just weigh-
ing in hand, if only there were no resistance from the
part of salesmen. <...> Could there be a doubt that if the
Bowmen's formula still holds on, it is only due to the
fact that there is still nothing better”. [5]. And obviously
something very painful: “In the Vestnik Oftalmologii, prof.
Khodin acknowledged that a tonometer made according
to the principle | propose would hardly reach the goal
at all. This death warrant to my not yet born tonometer
is given based on by the theoretical reasoning as well”.
Finally, as a conclusion, take-home message to the gen-
erations to come: “...my article could stir up an interest
in further observations over tensio bulbi; it could make
think about possible ways of tonometric studies... the
subject is new, and there is such low confidence in it
that a lot of sustained work is needed to gain a corre-
sponding attention to it". We know now that Professor
AN. Maklakov's dream — “...I hope that the principle
| proposed will once be accepted even by those who re-
acted undeservingly severe to it, and not taking on the
labor to applicate it to practice, predicted a total inap-
plicability to it, perhaps, someday, grateful descendants
could duly appreciate my work...” — came true to the
fullest extent, and his method stayed the leading one dur-
ing more than 120 years, and is still relevant. Anyhow,
it is even now the only one, which has a documented
proof as “prints” in our case histories and patient charts,
is used to solve professional conflicts, when there are
doubts in accuracy of our measurements using other,
more modern methods. However, of course, the science
moves forward, and in recent decades, new methods of
the I0P measurement are actively implemented, which
take less of time, do not demand anesthesia and dye
use to obtain prints of the cornea, including non-contact
pneumotonometry and rebound tonometry (iCare) [6, 71.

The implementation of new methods may lead to (and
often leads to, generating discords) certain confusion in
intraocular pressure evaluation, because measuring 10P
by Maklakov method, the physician receives data char-
acterizing the tonometric 10P (P) [1], and using pneu-
mo- and rebound tonometry — a true I0P (P,) [8, 9I.
Besides, such factors, as orthostatic difference in IOP [10]
(IOP in supine position is in average 4 mm Hg higher,
than in sitting position [11]), corneal thickness and its
viscous-elastic features [12], may contribute to additional
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conflicts in IOP interpretation and influence the choice of
the ophthalmologist in treatment tactics. This demands
working out an comparability algorithm for the results of
various tonometry types.

The aim — to compare pneumo- and rebound tonom-
etry data with those of Maklakov applanation tonometry
and to work out adjustments for their comparability.

MATERIALS AND METHODS

The work was performed as a prospective cohort
study on the basis of the ophthalmological center of the
St. Petershurg State Budgetary Healthcare Institution
“City multifunctional hospital No. 2".

The study included two groups of patients. The first
one consisted of 48 individuals (94 eyes, mean age
72.23 + 6.67 years). The second one — of 27 patients
(52 eyes, mean age 62.72 + 6.92 years). In all patients,
Maklakov applanation tonometry was performed (10 g
weight) and pachymetry of the corneal central area
(Topcon SP-3000P, Japan). In the first group, pneumo-
tonometry on the autorefkeratometer Tonoref™ Il Nidek
(Japan), in the second group — rebound tonometry using
the iCare™ IC-100 (Finland).

To obtain reliable results, the following diagnosis al-
gorithm was respected — in the first instance, examina-
tions were performed not requiring epibulbar anesthesia
(pachymetry, pneumo- and rebound tonometry), then (dur-
ing 1-2 min) 0P was measured using Maklakov tonometry.

Inclusion criteria: patient’s willingness to respect the
study protocol.

Exclusion criteria: history of ophthalmic surgeries,
corneal diseases of various etiology, acute and exac-
erbation of chronic inflammatory diseases of the ocular
surface and adnexa, low visual acuity precluding the fixa-
tion of gaze.
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It is to be noted that in patients with pressure higher
than 30 mm Hg (Maklakov tonometry) it was not often
possible to evaluate the I0P using the autorefkeratom-
eter Tonoref Il Nidek, and this could influence the study
results.

Statistical processing

Using the created database of patients, a statisti-
cal processing was performed in the Jamovi program
(The jamovi project, 2021), Jamovi v. 2.2.5 (Computer
Software). Data are presented as mean value (M) and
its standard deviation (SD). The Shapiro—-Wilk criterion
was used to establish the normality of sample distribu-
tion. At the comparison of normally distributed samples,
Student’s criterion was used. Analyzing the linear regres-
sion, the corrected determination index R’ was used.
At group comparison — the non-parametric Kruskal-
Wallis parameter was used. Differences at p < 0.05 were
considered as statistically significant ones. The irregu-
larity of groups in number of followed patients is to be
noted, and this could introduce errors in the obtained
results.

RESULTS

In the Table 1, mean IOP values in groups are pre-
sented as well as intraocular pressure distribution in ac-
cordance to the real IOP level.

The analysis of obtained results allowed to draw a
conclusion that both methods — pneumo- and rebound
tonometry — demonstrate somewhat underreported re-
sults at the I0P level lower than 23.0 and 22.5 mm Hg
(for Tonoref and iCare, respectively) against applanation
tonometry (Maklakov), and vice versa, overrate the 10P
at values higher than those mentioned above. To evalu-
ate this pattern, a regression analysis of dependence of

Table 1. Mean intraocular pressure values in groups and it is distribution depending on the P; level
Ta6nuua 1. CpeaHue 3HaueHUs BHYTPUIA3HOrO 4aBMieHUs B rpynnax U ero pacnpeaesieHue B 3aBUCUMOCTH OT YPOBHA UCTUHHOTO

BHYTPUTIa3HOro faBjieHnA

Group 1 Group 2
Parameter -
Maklakov Tonoref Il | A p Maklakov iCare | A | p
Meanintraocular g (o, 959 1487+385 481 <0001 21.65:566 20471318 098 0399
pressure, mm Hg
Py, pneumotonometry, mm Hg
6.00-12.00 17.77 £ 1,66 10.45+1.03 -1.33 17.07 + 1.62 9.67 £ 2.02 -1.40
12.10-15.00 1954 +2.64  13.51+0.82 -6.03 19.00+1.73  14.00 +0.00 -5.00
15.10-18.00 19.83+1.63  16.10 + 1.44 -3.72 20.25+£2.60 16.42+1.08 -3.83
<0.001 <0.001
18.10-21.00 2282 +2.44  20.25+1.19 -2.56 21.67£1.97 1917 £1.17 -2.50
21.10-25.00 2033 £3.51 2280+ 1.44 2.47 21.67 +2.52  23.00 £ 1.00 1.33
>25.00 25.00 29.00 4.00 29.42 £5.78  40.50 + 12.41 11.08

DOL: https://doi.org/10.17816/0V321245
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Maklakov tonometry from pneumo- (Fig. 1) and rebound
(iCare) tonometry (Fig. 2).

At linear regression analysis, the presence of signifi-
cant (p < 0.001) weak (R? = 0.37) relationship between
applanation tonometry (Maklakov) and pneumotonometry
was established (Fig. 1).

The linear regression analysis revealed the presence
of significant (p < 0.001) strong (R? = 0.86) relationship
between applanation tonometry (Maklakov) and rebound
(iCare) tonometry (Fig. 2).

Based on the regression analysis, corrections for
conversion of pneumotonometry data (P;) into those of
applanation tonometry (Maklakov, P):

P,appl =0.41- P, oneum + 13.59, (1)
275-
25-
o
1S
f_ 225-
= 20-
17.5-
10 15 20 25 30

Tonoref, mm Hg

Fig. 1. Dependence of Maklakov's applanation tonometry from
pneumotonometry

Puc. 1. 3aBucuMocTb annnaHaumoHHol (Maknakos) TOHOMETpUM
OT MHEBMOTOHOMETPUM
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where P, — applanation tonometric I0P, mm Hg;
Py pneum — real 10P according to pneumotonometry data,
mm Hg.

As well as rebound tonometry (iCare) into the appla-
nation tonometry (Maklakov):

Py app = 0.41 - P +13.59, (2)
— applanation tonometric I0P, mm Hg;

0 pneum
where Py,

Py pneum — real 10P according to rebound tonometry data
(iCare), mm Hg.

In the Table. 2, IOP results in groups are given, de-
pending on pachymetry. Fig. 3 and 4 demonstrate the de-
pendence of pneumo- and rebound tonomertry upon the
corneal thickness in the central area.

40-

w
o
1

Maklakov, mm Hg

20-

20 40 60
iCare, mm Hg

Fig. 2. Dependence of Maklakov's applanation tonometry from
rebound tonometry (iCare)

Puc. 2. 3aBucuMocTb annnaHaumoHHo! (MaknakoB) TOHOMETpUM
OT puKoLLEeTHO! ToHoMeTpuu (iCare)

Table 2. Intraocular pressure dependence from central corneal thickness in groups
Ta6nuua 2. 3aBMCHMOCTb BHYTPUTIA3HOTO LABNIEHNS OT TOJILLMHbI LLEHTPanbHON 30HbI POrOBMLbI B rpynnax

, Group 1 Group 2
Corneal thickness -
characteristic Maklakov | Tonoref II A p Maklakov iCare, A »
mm Hg mm Hg mm Hg mm Hg

“Thin" and “ultrathin”
(less than 520 pm)

“Mean"
(521-560 pm)

“Thick”
(more than 561 pm)

2050 £3.25 1410+ 374 —6.41 +2.68

19.50 £2.02 1530 £3.55 -4.16+3.25 0.013 20.12+3.87

20.00 £2.36 15.90 £ 4.66 -4.11 +2.81

2313 £5.78 22.13+11.22 -1.00+5.75
17.81+9.55 -231+6.78 0.463

23.44 £8.65 26.33+22.31 2.89+13.95

DOI: https://doi.org/10.17816/0V321245
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175-
2
1S
E 15-
S
12.5-
10-
450 500 550 600

Pachymetry, um
Fig. 3. Dependence of pneumotonometry values from central
corneal thickness (R? = 0.07; p = 0.017)
Puc. 3. 3aBUCMMOCTb MHEBMOTOHOMETPUM OT LIEHTPasIbHOM TONILLW-
Hbl porosuusl (R2 = 0,07; p = 0,017)

DISCUSSION

Analyzing the obtained results, we revealed similar
dynamics in comparability of pneumo (Tonoref) — and re-
bound (iCare) tonometry wit applanation one (Maklakov),
which expressed itself in underreported P, (Maklakov)
results at I0P levels of less than 23 and 22.5 mm Hg
(for the methods, respectively) and vice versa, in their
overrating when the data were higher than those men-
tioned above. In a similar study, it was shown that the
difference between P, (pneumotonometry Reichert 7CR)
and P, (Maklakov) at P, less than 18-19 mm Hg was
3.5-8.2 mm Hg, and at P, 22 mm Hg significant errors
arose leading to substantial tamperings of the P, towards
their overrating. Over all, the authors recommend to
use applanation tonometry (Maklakov) at P, higher than
22 mm Hg, instead of pneumotonometry [13].

The mean difference of the IOP level in the first group
of patients was about -5 mm Hg, and in the second
one — -1 mm Hg. This difference could be explained
by a small number of the first group patients with in-
creased I0P (P, higher than 30 mm Hg). The iCare device
did not have such drawbacks and was able to measure
mean intraocular pressure values even at its significant
rise (more than 29 mm Hg). However, at high 0P values,
the difference between iCare and Maklakov measure-
ments was substantial (up to 11 mm Hg at P, higher than
25 mm Hg). The data we received do not correspond to
the results of a similar work [7], in which a difference
between rebound tonometry (iCare) and applanation to-
nometry (Maklakov) in 6.7 + 2.7 mm Hg; this could be
explained by authors using absolute values of I0P differ-
ence. Nevertheless, in this study, the attention was also
drawn to the fact that in patients with “high” normal 10P

Tom 16,N°1,2023
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30-

N
o
1

iCare, mm Hg

450 500 550 600
Pachymetry, um
Fig. 4. Dependence of rebound tonometry (iCare) values from
central corneal thickness (R? = 0.01; p = 0.420)
Puc. 4. 3aBUCMMOCTb pUKOLLETHOM TOHOMeTpuM (iCare) OT LeH-
TpanbHoM TofLMHb porosuubl (R2 = 0,01; p = 0,420)

(23-26 mm Hg) the rebound tonometry (iCare) demon-
strates higher difference to applanation tonometry (Mak-
lakov) accompanied by increasing standard deviation,
evidencing the decrease in method'’s (iCare) accuracy in
presence of ophthalmic hypertension. The authors made
a conclusion that rebound tonometry is incorrect at high
IOP level (23-26 mm Hg) and should be replaced by other
accurate methods of I0P evaluation (Goldman, Maklakov),
but at the same time could be recommended as a screen-
ing method, as well as for IOP evaluation in patients at
the early post-op period after an I0P-lowering surgical
procedure. In another study [4], an even more promi-
nent difference between applanation (Maklakov 10 g)
and rebound (iCare) tonometry, which amounted to
9.7 + 4.6 mm Hg; this is explained by the orthostatic dif-
ference in I0P when Maklakov tonometry is performed,
as well as by particularities of the iCare device calibra-
tion.

The carried-out regression analysis of the depen-
dence of applanation tonometry (Maklakov) from reboun
tonometry (iCare) revealed the presence of a significant
strong relationship; this allows to use the equation of
linear regression (2) for the conversion of iCare data into
the familiar for many ophthalmologists tonometric I0P
(Maklakov). The authors of the above-mentioned article
used a similar method of rebound tonometry (iCare) con-
version into applanation tonometry (Maklakov) [7]. In the
first group of patients (a comparison of pneumotonom-
etry and of applanation tonometry), this relationship was
significant as well, but the determination index described
this relationship as a weak one; this does not allow using
the formula (1) for conversion pneumotonometry param-
eters into those of applanation tonometry.
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The estimation of the influence of the central corneal
thickness on tonometric parameters (Tonoref and iCare)
revealed a weak positive relationship, manifesting by an
IOP increase at pachymetry increase. However, this re-
lationship was extremely weak and not significant in the
second group. Multiple publications on this subject are
evidence of similar pattern of 0P rise during pneumoto-
nometry [14], as well as during rebound (iCare) tonom-
etry [15].

CONCLUSION

Pneumotonometry (Tonoref) results were in average
5 mm Hg lower than the I0OP obtained using applanation
tonometry (Maklakov), and those of rebound tonometry
(iCare) — 1 mm Hg lower. Both methods (Tonoref and
iCare), in comparison with the Maklakov method, de-
monstrate underestimated 10P values at P, lower than
23 and 22.5 mm Hg (for both methods, respectively), and
at P, higher than 23 and 22.5 mm Hg, to the contrary,
overestimate the I0P. The revealed trend based on linear
regression, allowed to elaborate a recalculation formula
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