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ABSTRACT
Aims To assess visual field (VF) pseudoprogression 
related to face mask use.
Methods We reviewed a total of 307 VFs performed 
with a face mask (FPP2/KN95 or surgical masks) and 
compared them with prior VFs, performed before the 
pandemic. VFs with suspected pseudoprogression 
due to mask artefacts (VF test 1) were repeated with 
a surgical mask and an adhesive tape on its superior 
border (VF test 2) to distinguish from true VF loss. Several 
parameters including reliability indices, test duration, 
VF index (VFI), mean defect (MD) and pattern deviation 
probability plots were compared among last pre- COVID 
VFs, VF tests 1 and VF tests 2, using the Wilcoxon signed- 
rank test.
Results We identified 18 VFs with suspected 
progression artefact due to masks (5.8%). In all of 
them, the median VFI and MD significantly improved 
after fitting the superior border of the mask, showing 
no significant differences with pre- COVID tests. The 
median fixation losses were significantly higher when 
wearing the unfitted mask (13% vs 6%,p=0.047). The 
inferior hemifield was the most affected, either as a new 
scotoma or as an enlargement of a prior defect.
Conclusion Unfitted masks can simulate VF 
progression in around 6% of cases, mainly in the inferior 
hemifield, and increase significantly the rate of fixation 
losses. A similar rate of artefacts was observed using 
FPP2/KN95 or surgical masks. The use of a surgical mask 
with an adhesive tape covering the superior border may 
reduce mask- related artefacts, although concomitant 
progression cannot be ruled out in all cases.

INTRODUCTION
The worldwide coronavirus pandemic has deeply 
influenced clinical practice.1 New protocols for a 
safer and effective hospital- setting ophthalmic clin-
ical practice are emerging.2 3 Among them, the use 
of face masks is highly recommended to reduce viral 
transmission but has brought some challenges. In 
glaucoma consultations, our team had the impres-
sion that many patients presented a presumed 
progression of the visual field (VF) scotoma despite 
the apparent stability of their disease.

A recent report has shown that wearing a face 
mask while performing a VF test may cause inferior 
artefacts due to the fog on the trial lens.4 Further-
more, face masks seem to be a distracting factor 
to make a reliable test, as patients refer to feeling 
uncomfortable and short of breath.

The current study has analysed a cluster of VF 
tests performed with a face mask showing progres-
sion despite glaucoma stability, suggesting a mask- 
related false progression. We propose a more 
effective way to place the surgical face mask to 
avoid these artefacts.

MATERIALS AND METHODS
This case series study was conducted between July 
and August 2020 at Ramón y Cajal University 
Hospital. Informed consent was obtained from all 
participants included in the study. VF tests that 
presumably showed artefacts due to the use of a 
face mask were repeated with a well- fitted surgical 
face mask to see if suspected artefacts disappeared.

All VF tests performed with a face mask from 
June 29 to 31 July 2020 (VF test 1) were compared 
with previous VF tests, performed before the 
pandemic. VF tests 1 were suspected of progression 
when at least three new adjacent locations exhibited 
significant deterioration in the glaucoma progres-
sion analysis (GPA) event- based analysis or, if not 
present, when at least three new adjacent locations 
exhibited a sensitivity lower than 95% consid-
ered normal for an age- adjusted population in the 
pattern deviation probability plot compared with 
the last pre- COVID scotoma (pre- COVID VF). This 
evaluation was carried out by two trained ophthal-
mologists (VAC and PVM- R).

Medical records from patients with suspected VF 
progression were revised. Retinal nerve fibre layer 
(RNFL) thickness (Spectralis OCT, Heidelberg 
Engineering, Heidelberg, Germany) was consid-
ered stable when the average progression rate was 
under 1 μm/year.5 Intraocular pressure (IOP) was 
considered well- controlled if it had not changed 
in the last 6 months and no RNFL progression was 
evidenced in the same period. If RNFL thickness 
and IOP remained stable, VF artefact was suspected 
and the patient was selected and scheduled for a 
new appointment to repeat the VF test and check 
if the suspected artefact disappeared. The repeated 
VF test (VF test 2) was performed under the same 
conditions, but changing patients’ own masks by 
a surgical well- fitted face mask. This mask was 
placed as low as possible on the nose and with an 
adhesive tape (paper surgical tape, Ecopore, Barce-
lona, Spain) covering the entire length of the supe-
rior border to avoid fogging the trial lens and the 
upward displacement of the mask (figure 1).

Exclusion criteria included 10–2 strategy, 
deeply depressed VF tests, unreliable tests in the 
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pre- COVID period according to reliability indices, a limited 
experience with VF test defined as less than three VF tests 
performed in any perimeter device before the COVID- 19 
pandemic, absence of a pre- COVID VF test in the last year, VF 
test performed without a trial lens, or a disease other than ocular 
hypertension or glaucoma.

All patients had undergone a detailed ophthalmic examination 
in their scheduled glaucoma consultation, including visual acuity, 
non- dilated IOP measurement, optic disc assessment, RNFL 
thickness evaluated with Spectralis OCT, and VF test performed 
with the Humphrey Field Analyser (HFA, Carl Zeiss Meditec, 
Dublin, Californa). VF tests were all performed with a trial lens 
with the optimal near correction and the 24–2 SITA Fast strategy 
with a size III white stimulus projected against a background 
with a brightness of 31.5 apostilbs. A trained optician was always 
present to watch over the correct performance of the test.

The next parameters were recorded: reliability indices 
(percentage of fixation losses, false- positive errors and false- 
negative errors), test duration expressed in seconds, visual field 
index (VFI) and mean deviation (MD). Reliability indices were 
considered within the normal limits if the percentage of fixation 
losses was under 20%, and the percentage of false- positive errors 
and false- negative errors were both under 15%. These parame-
ters were compared among the last pre- COVID VF, the VF test 
1 and the VF test 2.

Pattern deviation probability plots of VF tests 1 and 2 were 
compared with check if the suspected artefact improved or 
remained despite fitting the mask. Improvement was defined 
when VF test 2 exhibited a scotoma smaller in at least three 
fewer locations compared with VF test 1, and so the suspicion of 
artefact persisted. In the cases whose scotoma did not improve a 
true progression was considered more probable.

Finally, we quantified the number of new locations with a 
sensitivity lower than 95% considered normal for an age- adjusted 
population and those locations previously affected whose sensi-
tivity impaired in the pattern deviation probability plot.

Statistical analysis was performed using Stata software (V.12.0 
for Windows, Stata Corporation, College Station, Texas). The 
Shapiro- Wilk test proved the non- parametric distribution of the 
data. Quantitative variables were compared using the Wilcoxon 
signed- rank test. Results were expressed as median (minimum- 
maximum). P<0.05 was considered statistically significant.

RESULTS
A total of 307 patients performed a VF test during the 5- week 
study period. Among them, 222 performed a successive 24–2 
strategy- VF test, which was compared with prior pre- COVID 
VFs. In total, 20 eyes from 13 (5.85%) patients showed presumed 
VF defect progression despite stable RNFL thickness and well- 
controlled IOP in at least one eye. As one patient refused to 
repeat the VF test, a total of 18 eyes from 12 patients (6 males 
and 6 females) were included in the current study.

The median age of participants when performing the VF test 
1 was 76 years (range: 58–89 years). The most common type 
of glaucoma was primary open- angle glaucoma (13/18, 72%), 

Figure 1 The proposed position of the surgical face mask, placed as 
low as possible on the nose and with an adhesive tape covering the 
entire length of the superior border.

Table 1 Quantitative variables of the three visual field (VF) tests (pre- COVID test, VF test 1 (with unfitted mask), and VF test 2 (with fitted mask)) 
performed by the 12 patients (18 eyes) included in the study, and comparisons between the three VF test

Pre- COVID VF test
VF test 1
(p1)

VF test 2
(p2)

VF test 1 versus 2
(p3)

VFI (%) 92 (68/99) 84 (53/97) 92 (69/99) 0.004*

  0.001* 0.597

MD (dB) −6.0 (−13.42/2.33) −7.57 (−14.88/−1.97) −5.45 (−12.77/−1.07) 0.007*

  0.004* 0.648

FL (%) 6 (0/20) 13 (0/60) 0 (0/38) 0.016*

  0.047* 0.668

FPR (%) 1 (0/15) 1 (0/7) 2 (0/11) 0.066

  0.408 0.658

FNR (%) 6 (0/11) 7 (0/53) 5.5 (0/11) 0.084

  0.222 0.810

Length (s) 381 (299/451) 374 (304/456) 373.5 (302/441) 0.500

  0.306 0.845

Results are expressed as median (minimum/maximum).
Pre- COVID test: last VF test before the pandemic; VF test 1: VF test performed with patient’s mask; VF test 2: VF test performed with well- fitted surgical mask; p1: Comparison 
between pre- COVID VF test and VF test 1; p2: Comparison between pre- COVID VF test and VF test 2; p3: Comparison between VF test 1 and VF test 2.
*p<0.05.
FL, fixation losses; FNR, false negative responses; FPR, false positive responses; MD, mean deviation; VFI, visual fixation index.
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followed by pigmentary glaucoma (4/18, 22%), and pseudoex-
foliative glaucoma (1/18, 5.5%). The median number of VF tests 
performed before the COVID- 19 pandemic was nine (3- 28), and 
the median follow- up since the first VF test was 9 years (2–20 
years). According to the Hodapp classification, nine eyes (50%) 
showed early glaucoma, eight (44%) moderate glaucoma and 
one (6%) advanced disease.

The types of mask that patients wore to perform the VF test 
1 were 50%, 39% and 11% by surgical, KN95 and FFP2 masks, 
respectively. In the remaining 209 patients, without suspicion 
of mask- related artefacts, the type of mask were 56%, 40% and 
4% by surgical, KN95 or FFP2, and a combination of both types 
(surgical and FFP2/KN95 masks). There were no differences in 
the type of mask used between both groups (p=0.612, Fisher’s 
exact test).

Table 1 displays quantitative data comparing VF parame-
ters among pre- COVID VF, VF test 1 and VF test 2. VFI and 
MD were significantly worse in VF tests 1 compared with pre- 
COVID VF tests (84% vs 92%, p=0.001; and −7.57 vs −6.0, 
p=0.004, respectively, Wilcoxon signed- rank test), while there 
were no significant differences between pre- COVID VF tests and 
VF tests 2 (p=0.597 and p=0.648, respectively).

The percentage of fixation losses was the only reliability index 
significantly worse in VF tests 1 compared with pre- COVID 
VF tests (13% vs 6%, p=0.047). The three indices showed no 
significant differences between pre- COVID tests and VF tests 2. 
There were no differences in the time lapsed for testing in any 
comparison.

Regarding the pattern of progression or pseudoprogression, 
two patterns were observed: new locations with a sensitivity 
lower than 95% considered normal for an age- adjusted popu-
lation (pattern A) and sensitivity impaired pattern deviation 
probability plot (pattern B). In total, 14 eyes (78%) showed a 
pattern A, while 4 (22%) showed a pattern B (cases 6, 9, 11, 15). 
Among the cases showing a pattern A, 6 eyes presented a VF test 
2 similar to the pre- COVID test (cases 1, 2, 12, 13, 17, and 18) 
and 8 only showed partial improvement of the scotoma observed 
in the VF test 1 (cases 3, 4, 5, 7, 8, 10, 14 and 16), while none 
of the cases showing a pattern B improved with the well- fitted 
mask. Pattern A was observed in 78% of cases using either the 
FPP2/KN95 or the surgical mask.

Considering VF tests 1 with pattern A, the inferior field was 
the most affected, either as a new scotoma or as an extension of 
a previous defect. The central area was the second most affected 
zone. In total, 8 (57%) defects predominately affected the infe-
rior hemifield, 5 (35%) affected the central and paracentral 
zones; 2 (14%) showed a double arcuate scotoma, predominately 
inferior, 2 (14%) were a large scotoma affecting most of the VF, 
1 (7%) affected the superior hemifield and 1 (7%) showed some 
scattered points. Figure 2 displays VF plots of three patients. 
Plots from the whole sample are included as online supplemental 
material.

In pattern A, the median number of new locations with a 
sensitivity lower than 95% considered normal was 14 (6–26), 
with a median sensitivity of −4.94 dB (−12.86 to −2.33). In 
pattern B, the median number was 6.5 (3–11), with a median 
sensitivity of −5.38 (−9.14 to −3.83). The median number of 
locations already affected in the pre- COVID test whose sensi-
bility impaired in VF test 1 was 4 (0–17) in pattern A and 9 
(2–20 in pattern B).

DISCUSSION
Many situations can make VF test results misleading. Some arte-
facts have been described and could complicate the detection 

of glaucoma progression. Low patient reliability, fatigue effect 
in prolonged tests could simulate a worsening in the VF. The 
presence of ptosis or trial lens artefacts result in localised defect 
not related to RNFL damage.6 The correct detection of these 
artefacts is essential to evaluate real glaucoma damage and 
progression.

The current study analyses new artefacts that appear in VF tests 
in relation to face mask use during the COVID- 19 pandemic. We 
observed that the inferior field was the most affected, followed 
by central and paracentral areas.

In the current study, the prevalence of suspected mask- related 
artefacts was about 6%. Although this figure suggests that this is 
not a common finding, we cannot discard a higher prevalence in 
the VFs excluded from this analysis due to RNFL progression, 
IOP rise, unreliability or severe VF damage.

The most likely reason for artefacts is the breath exhaled 
through the superior border of the mask. The breath fogs the 
perimeter’s trial lens, as it does with glasses.7 Surgical and KN95/
FFP2 masks were used in a similar proportion by our patients. 
Most KN95 and FFP2 designs allowed a tight apposition on the 
face but presented a rigid edge on the nose bridge that did not 
seal well. On the contrary, surgical face masks are more flex-
ible and adapt better the edges, including the strip for the nose, 
to any facial morphology, although their ear loop design is too 
loose to seal well the borders by itself. For this reason, we used 
surgical masks to adapt the mask well to the nose bridge and 
improved the sealing with the adhesive tape. However, despite 
these differences in their design, we did not observe that any 
kind of mask was more prone to favour mask- related artefacts.

Another reason for artefacts could be the upward displace-
ment of the mask, which would cause a deep inferior periph-
eral scotoma similar to the eyelid- induced defect in the superior 
field. Nevertheless, we did not observe this type of scotoma 
and patients, when they were asked in the consultation, did not 
notice that their mask was displaced.

The use of adhesive bands or special techniques for tying 
masks has been described to prevent fogging the surgical loupes 
or microscopes.8 9 In the same way, the use of a surgical face mask 
with the superior strip pinched down on the nose and the adhe-
sive tape covering the entire length of the superior border could 
theoretically prevent both fogging of the lens and the potential 
displacement of the mask. In the current study, VF tests 1 showed 
worse MD and VFI, as expected. When the mask was well fitted, 
these parameters significantly improved and showed no signifi-
cant difference with pre- COVID tests, meaning that this position 
of the mask could be useful to reduce VF pseudoprogression.

The third factor that may diminish the reliability of VF tests 
is the discomfort and lack of breath that many patients refer to 
with the face mask.10 11 This was reflected in the significantly 
higher percentage of fixation losses in VF tests 1. In addition, 
we found that 8 (44%) of the tests performed with the patient’s 
own masks were unreliable in at least one of the three reliability 
indices, compared with one (6%) among the VF tests 2.

We observed two patterns of pseudoprogression: new loca-
tions with a sensitivity lower than 95% considered normal for 
an age- adjusted population (pattern A) and sensitivity impaired 
pattern deviation probability plot (pattern B). We suspected 
mask- related artefacts in all cases showing the pattern A, as the 
scotoma improved with the well- fitted face mask. However, as 8 
out of the 14 cases only showed partial improvement, concom-
itant progression could not be ruled out. All the cases showing 
the pattern B did not improve despite the well- fitted face mask 
and true progression was suspected. Therefore, a reduction of 
sensitivity in the probability plot is highly suggestive of true 
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progression. Nevertheless, to confirm real progression, we need 
several successive VF tests carried out under ideal conditions and 
with the reliability parameters within normal limits. The use of 
masks to reduce viral transmission during the pandemic does not 
allow to ensure VF progression in patients in whom progression 
is highly suspected.

Statistical comparisons between patters A and B was not 
possible due to the small number of cases. However, we observed 
that VFs with high suspicion of mask- related artefacts showed a 
clinically relevant higher number of new locations with a sensi-
tivity lower than 95% considered normal in the pattern devi-
ation probability plot compared with VFs suspected of true 
progression. We think this parameter is quite easy to evaluate 
during the daily clinical practice and could help to suspect mask- 
related artefacts.

Paper surgical adhesive tape is easily found in consultation 
rooms. It is hypoallergenic, latex- free, and adheres firmly to the 
skin, leaving a minimal sticky residue, properties that make it a 
good option. None of our patients suffered a medical adhesive- 
related skin injury after removing the adhesive tape. However, 
the adhesive material is an acrylic copolymer, and several studies 
have suggested that silicone- based medical adhesive tapes are 
better than acrylic- based medical tapes.12 13 Silicone- based 

adhesive tapes should be considered in patients at risk of facial 
injuries, such as those with dry fragile skin, a history of previous 
skin tears, or chronic steroid treatment.

The current study presents several limitations. First, a healthy 
control group is missing; however, as we have mentioned above, a 
learning effect could not be ruled out and would distort compar-
isons. Second, the small sample size, conditioned by the recent 
changes in the clinical practice due to the COVID- 19 pandemic. 
However, we consider that this number widely exemplifies the 
new artefacts that we can observe. Third, although repeating the 
VF test without any mask would be useful to distinguish true 
from pseudoprogression, it would not be ethical, considering 
the risks of infection. Fourth, although statistical methods, such 
as the GPA in the HFA, are preferable to establish progression 
in VF tests, it was not possible to apply it in all our patients, 
as two of them had previously performed VF tests in another 
perimeter device (Octopus perimeter or Humphrey perimeter 
in another medical centre), and had less than three tests in the 
HFA.14 To compensate for this weakness, an objective criterion 
was employed to determine which VF tests 1 showed suspected 
scotoma progression and which VF tests 2 exhibit improvement 
of the scotoma. Fifth, to calculate the changes in sensitivity, we 
took the values of the last pre- COVID test as the reference and 

Figure 2 Pattern deviation probability plots of pre- COVID visual field (VF) test (1) VF test performed with patient’s own face mask (2) and VF test 
performed with a well- fitted surgical mask and tape (3) of cases 1 (A), 5 (B) and 18 (C). In case 1, the VF performed before the pandemic showed an 
inferior nasal step extending back to the paracentral field (A1). With the unfitted mask, it enlarged to a moderate inferior arcuate defect (A2) that 
improved with the well- fitted mask (A3). In case 5, the pre- COVID VF showed a peripheral and unspecific inferior defect (B1). It became a new double 
arcuate scotoma, predominately in the inferior field (B2), and partially improved using a well- fitted mask (B3). In case 18, the pre- COVID VF showed 
a central scotoma (C1) that enlarged, predominately in the inferior field (C2). With the well- fitted mask, the VF showed a defect similar to the pre- 
COVID VF test (C3).
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not the mean value of two or three previous VF tests to simplify 
the calculations. Nevertheless, as the reliability parameters of the 
last pre- COVID VF tests included were within normal limits, we 
think this is a valid approximation. Finally, other artefacts such 
as those due to the border of the trial lens or the superior eyelid 
may coexist. We suspected concomitant lens border- related arte-
fact in one case (case 4).

In conclusion, in COVID- 19 period a new artefact could be 
present in VF evaluation. Mask- related artefacts seem to be more 
common in the inferior field, followed by the central area. These 
artefacts could be mistaken as glaucoma progression damage. We 
propose the use of a surgical face mask with an adhesive tape on 
the superior border to reduce the presence of these artefacts.
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