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Comparison of Intraocular Pressure via Goldmann-applanation Tonometry and
TonoPen in Thyroid-associated Ophthalmopathy Accompanying Restrictive Strabismus
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Purpose: To compare the intraocular pressure (IOP) measured using Goldmann-applanation tonometry (GAT) and Tonopen®
tonometry and to evaluate the factors influencing the measurement difference in patients with thyroid-associated ophthalmop-

athy (TAO)-related restrictive strabismus.

Methods: In 50 eyes of 50 patients who were diagnosed with TAO, IOP measurements were taken using both GAT and a
Tonopen® and were subsequently compared between the devices. Factors influencing the measurement difference between the
devices were determined, including the restriction of eyeball movement, eyeball deviation, exophthalmometry, central corneal

thickness, refractive errors, and blood thyroid hormone levels.

Results: In the TAO patients, the GAT-measured IOP was higher than for Tonopen® (16.1 £ 4.7 vs. 13.8 + 4.5 mmHg, re-
spectively, p < 0.001). As the restriction of vertical eyeball movement increased, the IOP difference between the devices also in-
creased (p = 0.037). The absolute |IOP difference between the devices was positively correlated with restrictions in vertical eye-
ball movement (p = 0.027), degree of vertical strabismus (p = 0.021), and central corneal thickness (p < 0.031).

Conclusions: In patients with TAO accompanying vertical eyeball movement restriction, potential errors in IOP measurements
should be considered between the different IOP-measuring devices.
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Table 1. Subjects clinical characteristics (n = 50)

7% 16.1 = 4.7 mmHg, TonoPen” HZ&AZ A8t 74
< 13.8 + 4.5 mmHg®, ZETHYF A7} TonoPen” ¢
AN wlsl e Al AT e EIATHp<0.001,
Table 2). oJ2f3t FF2 =uUFoR ek gt
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©°2 §olaglr(Table 2).

AR A AR S A TH(p=0.004) 2, <
FYG e AlRte] FEE=0.041), ZreFATE
AZ5E(P=0.027) F <AUAA ] 19 Fo](I0Pat —
I0P1onopen) 7F B 2 A L2 LERY SERIQIHAAA7} ot
& o A SAse AoR vEtal thigEAollA
© AL ATEEEATP=0.037)7t0] {3t QIR L}
E}ttH(Table 3).
 FF 5787 o] AAZH(I0PeaT — TOPronopen|)& E<5
TR 510 FUL A4S ARSI mollE 9] 2
FT-2E AR p<0.001), +FL3F -2FARH(p<0.001)
ZAE A (p=0.006) 7} THAZEA oA Rk A
SACH(Table 4). FH8 TG4 pgho] 0.1 vito]
AT ARG (p=0.097)3, =3 A2 (p=0.085)

4
Aol S ZRSEA BT 5 U AP

\S}

[e

B\
ox
Wi

¢

tT

o
(&

o oft o z;% i we ot
[

AR AAZES] iAol ot JRES HiAls] flsh

T RIS 7 wE BARE i 84 A, AW
F AT EA(P=0.027), FAFY ARAZH(p=0.021) Y
ZEE=A(p<0.031)7F -oJjt AHiAlE Bk

Clinical characteristics Value
Age (years) (range) 55.2 + 12.9 24-77)
Sex (male/female) 28/22
Type of thyroid associated ophthalmopathy (n, %)
Hyperthyroidism 43 (86)
Hypothyroidism 7 (14)
Severity of thyroid associated ophthalmopathy (clinical activity score) 1.06 + 1.13 (0-4)
Glaucoma diagnosis (n, %) 9 (18)
Spherical equivalent (diopters) -1.53 +£3.07
Central corneal thickness (um) 568.26 + 39.75
Visual field MD (dB) -5.49 + 7.10
Visual field PSD (dB) 4.37 + 3.83
Global RNFL thickness (um) 90.96 + 15.83

Values are presented as mean + SD or n (%) unless otherwise indicated.
MD = mean deviation; PSD = pattern standard deviation; RNFL = retinal nerve fiber layer.

Table 2. Intraocular pressure measured using Goldmann applanation tonometery (IOPgat) and Tonopen® (I0Propopen)

IOPgar (mmHg) I0OPron0pen (mmHg) p-value
Overall subjects (n = 50) 16.1 + 4.7 (9-31) 13.8 + 4.5 (6-26) <0.001
Subjects with glaucoma (n = 9) 13.0 + 3.1 (9-18) 11.0 + 4.8 (6-21.5) 0.033
Subjects without glaucoma (n = 41) 17.0 + 4.7 (10-31) 14.5 + 4.1 (7-26) 0.002

Values are mean + standard deviation (range).
*Statistically significant values.
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Table 3. Factors associated with the difference between the intraocular pressure measured using Goldmann applanation tonometer
(IOPgat) and using Tonopen® (I0Pronopen) (I0PGaT — IOPTonopen)

Univariate Multivariate
Beta 95% CI p-value Beta 95% CI p-value

EOM limitation, per 1 unit larger

Vertical 0.895 0.295, 1.495 0.004" 0.768 0.047, 1.488 0.037"

Horizontal 1.041 0.045, 2.037 0.041" 1.095 -0.302,2.492  0.120
Strabismus, per 1 PD larger

Vertical -0.116 -0.302, 0.069 0.213

Horizontal 0.047 -0.032, 0.126 0.235
Thyroid function tests

T3, per 1 ng/dL larger -0.026 -0.089, 0.037 0.406

Free T4, per 1 ng/dL larger -0.770 -2.864, 1.324 0.462

TSH, per 1 pIU/mL larger -0.541 -1.344, 0.261 0.181
Exophthalmos, per 1 mm larger 0.074 -0.340, 0.488 0.720
Visual field MD, per 1 dB larger -0.078 -0.266, 0.110 0.406
Visual field PSD, per 1 dB larger 0.099 -0.252, 0.449 0.573
Global RNFL thickness, per 1 um larger -0.039 -0.120, 0.042 0.340
Spherical error, per 1 diopter larger -0.061 -0.434, 0.313 0.745
Central corneal thickness, per 1 um larger 0.037 0.004, 0.069 0.027" 0.023 -0.007, 0.053 0.132

CI = confidence interval; EOM = extraocular muscle; PD = prism diopter; T3 = triiodothyronine; T4 = free thyroxine; TSH = thyroid stim-
ulating hormone; MD = mean deviation; PSD = pattern standard deviation; RNFL = retinal nerve fiber layer.

*Statistically significant values.

Table 4. Factors associated with the absolute difference between the intraocular pressure measured using Goldmann applanation ton-
ometer (IOPgar) and using Tonopen® (I0P1onepen) (| I0PgaT — IOP1onopen |)

Univariate Multivariate 1 Multivariate 2
Beta 95% CI p-value Beta 95% CI  p-value Beta 95% CI p-value

EOM limitation, per 1 unit larger

Vertical 0.852  0.446,1.257 <0001  0.593 0.072, 1.115 0.027

Horizontal 1.247  0.584,1.911 <0.001" -0.986 -0.025,1.997 0.056
Strabismus, per 1 PD larger

Vertical 0.112 -0.021,0.245  0.097 0.224 0.036,0.413  0.021"

Horizontal 0.049 -0.007,0.106  0.085 0.057 -0.031,0.144 0.198
Thyroid function tests

T3, per 1 ng/dL larger -0.020 -0.065,0.025  0.375

Free T4, per 1 ng/dL larger -1.052 -2.516,0.411 0.154

TSH, per 1 pIU/mL larger -0.150 -0.733,0.432  0.606
Exophthalmos, per 1 mm larger 0.048 -0.253,0.349  0.750
Visual field MD, per 1 dB larger -0.027 -0.167,0.114  0.702
Visual field PSD, per 1 dB larger -0.006 -0.267, 0.255 0.963
Global RNFL thickness, per 1 um 0.024 -0.035,0.083  0.416

larger
Spherical error, per 1 diopter larger 0.127 -0.142,0.396  0.347
Central corneal thickness, per 1 pm  0.035  0.011,0.059  0.006" 0.024 0.002,0.046 0.031° 0.026 0.003,0.050 0.029°

larger

CI = confidence interval; EOM = extraocular muscle; PD = prism diopter; T3 = triiodothyronine; T4 = free thyroxine; TSH = thyroid stim-

ulating hormone; MD = mean deviation; PSD = pattern standard deviation; RNFL = retinal nerve fiber layer.
*Statistically significant values.
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