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Effect of Mask Mandates on the Intraocular Pressure Measured via Goldmann
Applanation Tonometry
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Purpose: The corona virus disease-19 (COVID-19) pandemic has resulted in mandatory masking of patients and physicians dur-
ing outpatient visits. This study evaluated the changes in intraocular pressure (IOP) according to mask use.

Methods: This prospective study enrolled 30 healthy volunteers (60 eyes). IOP was measured via Goldmann applanation tonom-
etry (GAT) for the subjects wearing one of four commonly used masks: dental, bi-folding Korean Filter (KF)94, tri-folding KF94,
and dust masks. Subjects with IOP measurement errors of more than 5 mmHg were rechecked with another GAT type.
Results: The mean IOP measured via GAT before mask wearing was 13.7 + 1.7 mmHg. It was 13.5+2.1,14.0+ 2.3, 14.3+ 2.5,
and 13.8 + 1.6 mmHg with the dental, bi-folding KF94, tri-folding KF94, and dust masks, respectively. There were no significant
differences in IOP according to mask type (p = 0.635). IOP errors above 5 mmHg were detected in three subjects who had con-
tact between the GAT feeler arm and tri-folding KF94 mask during IOP measurement.

Conclusions: The IOP as measured via GAT is artificially elevated by mechanical interference from the tri-fold KF94 mask. To
minimize such mask-induced artifacts in GAT measurements, compress the patient’s mask or change the mask type to prevent

any contact during measurement.
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whAZ g ofit 9 whaa Rl U Qlgre] Kol 2
Yofr7] ffste] U2lg dFmiA(Everyday, Daejong
Meditec, Seoul, Korea), KF94 2t A2 0]q HAG v~
H(Dr. Puri, Km Aesys, Anseong, Korea), Korean Filter
(KF)94 3% 7[23o|d RAE ulA=(Famo, Anyang,
Korea), HFXWV\EL(S?»O Fine tech, Gunpo, Korea) % U
7129 AT S 2He B olRS ZAS A tKFig. 1). U3
£ dg opATE 0] 95 mm, YH| 175 mmz F2]Z 9
71eF AR o]Foixl 3% HH npiIolw, vlgXjtto] 7}
Seht o]z zulele] YAHE Atiels SEL KF uls
9] 55-80%= LA Al KF94 21t A2 o]y npAz
L o] 140 mm, ¥t 2 HS AL YH| 110 mmo|H,
KF94 3¢t 712308 HAE npAd= HHS HL =0
150 mm, UH] 200 mm& & wpAd RE okgh A% JJEi
AR, 27 4% Fao) BAE AR o] ZolHck KFM
0.4 ol 2 u[Eo] AT 0% Aees TihE 7]
oh oAl haat ) WEg} gk 25 inkaa e A
2 135 mm, A2 125 mmo]™, KF80 H A& upA3e} &
ARRE Aperel e 7

AT 7 B HE BAAEE %

Figure 1. Different mask designs used in the study. (A) Dental mask, disposable surgical mask. (B) Bi-folding Korean filter (KF)94
mask. (C) Tri-folding KF94 mask. (D) Dust mask with exhalation valve.
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Bgat A2 A SHelick
G0 T A7 Bek hARE  olaRle) B ol 251 381900, WA 119, of
4 A7 AR T R BRY vaas A 19%lsith GRS B Sz 5280 +
Gtk WAL 717 Bk IEE AAE A 349 umgich nkaaE 285 ghe Aeiold S 60
U AT o) BEg SEolt AMTE o W QRS 137+ 17 mmHg ol RUAZekE
=2 s} Aol AP S 9ot 13.9 + 2.7 mmHge} ARkt
AR 5T T Be) S8 Aol ofal A% (Table 1) U8 WekmAz, KF94 20 A2 Zolq 1
AWET, AFHEE] AFS Hasel) dal A4S vhad, K4 36 b2 Woly g vhaz, Wl
Az 23 SAo| 4] 6A] Atelof| o] ol FLt SIfE AT E Y] 719 uAa Zg T ok 7247k 135 +
Al 2HARe] ojntel B2 ojupio]ef gjitolof W25} 2.1, 140 £ 23, 143 + 2.5, 13.8 + 1.6 mmHg2 npA= 218
A AR A AAson e WY ) 9 A W uhAT FR) B Fo Aol §olekp-0.635)
SRS Al UhASE HESA GES RSl (Fig 2 Table 2). F v 749 vhAD g F ook o}
A5t A3E5 Z831A] oS o1t} Wilcoxon signed-rank testS
ZETFIE A= 0.5% Proparacaine (Alcaine Alcon o] 83}o] z+z+ v s}k ol = A2 Zlof] §-2J3F 2}o]
AG, New York, NY, USA)C.& Holn}3 & Z=o a4l 2] x| QFTHp=0.647, p=0.387, p=0.242, p=0.440). <
(fluorescein) HAA|E ARE-3o] A 3 33] Z745to] Hot Qh}F #QhE Lol BAISHS of mhAia 2R A ke
2202 Apgatgleh. ZEUFEORAIE Huvitz (HS-7000, ©o} 13.4 + 2.0 mmHg, Zot 13.9 + 1.7 mmHggo.H, v}
Huvitz Inc., Anyang, Korea) Al=-5-&u|7of Z2F= 900.4.2 A3 28 & ofoke Soty) Hof B mpAT 2 A ofF
model (HaagStreit AG, Koniz, Switzerland)-S A}8-3}%3Th Qo wjmsle] o5t xjo|E Koz QITthp=0.903,
sole] Gl 7|7k Fob okgke ZHalglon], njAIE  p=0245) (Table 2)
zkg_g X] ol—o ALEHQ,] rd‘:ﬂ" ?l—onv_]. 5 mmHg ]/\qu ;‘(]_o] u]—__g,'_ _}-Q_ ko o]—ol—o] D]—___f_«l_ _}— 437_]_ H]_ﬁl_o].o:] 5 mmHg
g wolt 4348 Molt H9 AFEUNAC) WE WA ol Aolsk it oke & 3etolglon, B KFo4 38 7}
2 2oy HAL nfaa 2He A] Foto] orloA] zlol &
S5dugel AHE R o= Qstel KFo4 35 kR Kold wg vha
: 219 A] O} olero] WL zjo|2 Holz]| orolt thE &
on  ehe] mhad W 5 ST delol vlste] EEUAT} 2
A e RS BRISHAT. 3 BRolA] ek QIF 2
3§ ) whazis) olst BEIHeAS] @Al B
Zo] WPSIE 1S SRelskelrkFig 3). HuvitzAte] M35
QRF 2 ] Hbe] alelo] vkA 248 A oF
Z2¥7} 5, 5, 12 mmHg &7 S35 121, Haag
Qb A2 Alolli= Hote] Qigre
HliLsto] 5 mmHg o]4ke] @&
oot 427
=

=
QA= HiA|El7] sle] 71E 5U7F Haag-Streit (BQ 900
Z A3
|>J(SPSS IBM software, version

= [e]

HujFgo g
Holz] ¢kgtow, @3]y 9-Qke] Qketo] 7, 5, 8 mmHg =
SEUAHSZ Qe AS
| mpAFLL] ol R e}

Haag-Streit, Koniz, Switzerland) A
900.4.4 model2 =3t MAAES A5}k
EAH AL i AmEg
19.0 for Windows, IBM Corp., Armonk, NY, USA)E A
slo] kA n|2kg A9} npad Rl TR ekl Aol
Fofl H 0}01
Value (n = 30) Aol AlSsdndes
25.1 £3.8 uA S 2R A okt
11 (36.7):19 (63.3)
528.0 + 34.9 A
Al 2= 9} Haagrhe] Al
| 3¢k oA 90k okt 2%

Table 1. Patient demographics
13.7 + 1.7

Characteristic

Age (years)
Sex (male:female)
Central corneal thickness (um)
Baseline intraocular pressure (mmHg)
Values are presented as mean + standard deviation or number (%)
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Figure 2. Comparison of mean intraocular pressure (IOP) be-
fore wearing a mask and after wearing four types of masks. The
mean [OP measured by Goldmann applanation tonometry
(GAT) before wearing the mask was 13.7 + 1.7 mmHg. Mean
IOP measured by GAT was 13.5 + 2.1, 14.0 + 2.3, 14.3 £
2.5, 13.8 £ 1.6 mmHg with dental mask, bi-folding KF94
mask, tri-folding KF94 mask, dust mask, respectively. There
was no significant difference in IOP between the mask type
(p = 0.635). Horizontal line inside dark box means mean [OP
and upper side and lower side of dark box means 95% con-
fidence interval. Symmetrical lines above and beneath the dark
box means maximum and minimum IOP.
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Figure 3. Example of incorrect intraocular pressure (IOP)
measurements in patient wearing tri-folding Korean Filter
(KF)94 mask. Rigid folding edge of mask pushes against the
tonometer’s feeler arm (red circle), erroneously increasing
IOP. (A) Goldmann tonometer model 900.4.4 on Haag-Streit
slit lamp. Mask edge touching the patient’s mask during right
eye measurement. (B) Goldmann tonometer model 900.4.2 on
Huvitz slit lamp. Mask edge touching the patient’s mask dur-
ing left eye measurement. The patient consented to the use of
these photographs.

Table 2. Intraocular pressure measured using Goldmann applanation tonometry between 4 commonly used masks

Mask type (n = 30) Average IOP p-value” Right eye IOP Left eye IOP
No mask 13.7 + 1.7 - 134 +2.0 139 + 1.7
Dental mask 13.5 £ 2.1 0.647 134 +24 13.6 + 2.1
Bi-folding mask 14.0 £ 2.3 0.387 13.8 £ 2.3 141 +£223
Tri-folding mask 143 +2.5 0.242 13.7 £ 2.1 149 +3.3
Dust mask 13.8 + 1.6 0.440 13.8 +2.0 138+ 1.5
p-value' 0.635 - 0.903 0.254

Values are presented as mean + standard deviation.
IOP = intraocular pressure.
*Wilcoxon signed ranks test; "Kruskal-Wallis test.
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Figure 4. Goldmann applanation tonometer body part is touch-
ing mask outer surface of (A) bi-folding Korean filter (KF)94
mask and (B) exhalation filter in front of dust mask during in-
traocular pressure measurement using Goldmann tonometer
model 900.4.2 on Huvitz slit lamp. The patient consented to
the use of these photographs.
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Figure 5. Applanation tonometers mounted along monocular
axis of stereo-microscope. (A) Goldmann tonometer model
900.4.4 on Haag-Streit slit lamp is examined through the right
eyepiece of the stereo-microscope. The axis is slightly rotated
counter-clockwise. (B) Goldmann tonometer model 900.4.2
on Huvitz slit lamp is examined through the left eyepiece of
the stereo-microscope. The axis is slightly rotated clockwise.
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