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The coronavirus disease 2019 (COVID-19) pan-
demic is an ongoing global problem. There are 
recent reports recommending the delay of elec-

tive neurosurgical procedures and the use of personal 
protective equipment (PPE), such as N95 masks, face 
shields, and gowns, while operating on emergency cas-
es.1 In Turkey, following the first confirmed COVID-19 
case on March 11, 2020, the total number of cases 
reached 69,392 by April 15, 2020 (https://en.wikipedia.
org/w/index.php?title=2020_coronavirus_pandemic_
in_Turkey&oldid=951207004). The Turkish Ministry of 
Health mandated the use of PPE for any surgical inter-
vention, including neurosurgical ones. In our experience 

using the various kinds of PPE provided, we noticed dif-
ferences in the field of view (FOV) under the surgical mi-
croscope. We aimed to investigate the effects of different 
PPE on the FOV while using the surgical microscope in 
order to recommend the most optimal choice.

Methods
A group of 15 neurosurgeons and neurosurgery resi-

dents participated in this study. Three kinds of PPE were 
tested: safety spectacles, blast goggles, and face shields. 
A surgical microscope (OPMI PENTERO 900, Carl Zeiss 
Meditec) was utilized in the study. FOV was measured by 
placing a 12 × 12–cm checkered sheet of paper on which 
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OBJECTIVE During the coronavirus disease 2019 (COVID-19) pandemic, neurosurgeons all around the globe continue 
to operate in emergency cases using new self-protective measures. Personal protective equipment (PPE) use is recom-
mended in all surgeries. The authors have experienced varying degrees of field of view (FOV) loss under the surgical 
microscope with different PPE. Herein, they aimed to investigate the effects of different PPE on FOV while using the 
surgical microscope.
METHODS Fifteen neurosurgeons and neurosurgery residents participated in this study. Three kinds of PPE (safety 
spectacles, blast goggles, and face shields) were tested while using a surgical microscope. FOV was measured using a 
12 × 12–cm checkered sheet of paper on which every square had an area of 25 mm2 under the microscope. The surgical 
microscope was positioned perpendicular to the test paper, and the zoom was fixed. Each participant marked on the test 
sheet the peripheral borders of their FOV while using different PPE and without wearing any PPE. A one-way repeated-
measures ANOVA was performed to determine if there was a significant difference in FOV values with the different PPE.
RESULTS FOV was significantly different between each PPE (F[3, 42] = 6339.845, p < 0.0005). Post hoc analysis re-
vealed a significant decrease in the FOV from the naked eye (9305.33 ± 406.1 mm2) to blast goggles (2501.91 ± 176.5 
mm2) and face shields (92.33 ± 6.4 mm2). There were no significant FOV changes with the safety spectacles (9267.45 ± 
410.5 mm2).
CONCLUSIONS While operating under a surgical microscope safety spectacles provide favorable FOVs. Face shields 
increase the eye piece–pupil distance, which causes a severe reduction in FOV.
https://thejns.org/doi/abs/10.3171/2020.9.FOCUS20370
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every square had an area of 25 mm2 under the microscope. 
The surgical microscope was positioned perpendicular to 
the test paper, and the zoom was fixed. Each participant 
marked on the test sheet the peripheral borders of their 
FOV while wearing different PPE and no PPE. None of 
the subjects wore personal glasses during the tests. All test 
sheets were scanned. Measurements were performed us-
ing the ruler function of Adobe Photoshop CC 2019 soft-
ware (Adobe Inc.). Statistical analyses were performed us-
ing SPSS software (version 20.0.0, IBM Corp.). A one-way 
repeated-measures ANOVA was performed to determine 
any significant difference between FOV values with the 
different protective equipment. A p value < 0.05 was con-
sidered statistically significant.

Results
FOV values for the naked eye and with each of the 

three types of PPE are given in Table 1. Tests for homo-
geneity of variances demonstrated that FOV values for 
the naked eye were distributed normally (0.717). There 
were no outliers, and the cohort was normally distributed. 
Mauchly’s test of sphericity indicated that the assumption 
of sphericity had been violated (χ2[2] = 29.333, p < 0.001). 

Epsilon (ε) was 0.442 and was used to correct the one-
way repeated-measures ANOVA. FOV was significantly 
different between each PPE (F[3, 42] = 6339.845, p < 
0.0005). Post hoc analysis with a Bonferroni adjustment 
revealed a significant decrease in FOV from the naked eye 
(9305.33 ± 406.1 mm2) to blast goggles (2501.91 ± 176.5 
mm2) and face shields (92.33 ± 6.4 mm2). There were no 
significant FOV changes with safety spectacles (9267.45 ± 
410.5 mm2; Table 1, Fig. 1).

Discussion
Following the outbreak in the city of Wuhan, COVID-19 

spread faster than expected.2,3 During this pandemic, neu-
rosurgeons all around the globe were obligated to perform 
emergency operations including oncology cases, which 
require a surgical microscope, and transnasal approaches, 
which are associated with higher rates of infection given 
the relatively increased viral burden in the nasal muco-
sa.1,4–6 Bipolar electrocautery use during microsurgery re-
leases electrosurgical smoke, which consists of chemicals, 
tissue particles, and any pathogen such as viruses. For this 
reason, operating teams quickly adapted to the new mea-
sures such as the new guidelines for intubation and the 
use of PPE.7 However, as demonstrated in our study, even 
as PPE protects our patients, ourselves, and our teams, it 
can decrease a surgeon’s FOV, which can increase surgery 
duration and surgical complications.

Alignment of the viewer’s eye and the instrument’s exit 
pupil is essential when using an optical system. If the user 
is positioned far from the exit pupil and out of eye relief 
distance, a reduced FOV will result (https://en.wikipedia.
org/w/index.php?title=Eye_relief&oldid=933756062). As 
an optical instrument, the surgical microscope is essential 
for many neurosurgical procedures. During surgery, ad-
equate perception of the surgical area is indispensable for 
making appropriate and timely intraoperative decisions. 

TABLE 1. FOV on surgical microscope with no PPE and different 
types of PPE

Equipment
FOV (mm2)

Min Max Mean SD

No PPE 8588.42 9944.74 9305.33 406.1
Safety spectacles 8494.61 9851.74 9267.45 410.5
Blast goggles 2238.46 2806.03 2501.91 176.5
Face shield 82.99 100.63 92.33 6.4

FIG. 1. Different PPE causes different FOVs on checkered paper. An increased distance from eye relief causes a decrease in the 
FOV.
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Alfano and Michel demonstrated that restricting the nor-
mal FOV leads to perceptual and visuomotor decrements, 
which will cause more errors and misperceptions.8 Ad-
ditionally, they noted that subjects with restricted visual 
fields experience bodily discomfort.

According to our findings, PPE decreases the FOV un-
der the surgical microscope to varying degrees depending 
on the extent of the distance increase from the exit pupil. 
Safety spectacles provide the most favorable FOV, as the 
distance from the exit pupil is the lowest among the PPE 
examined. Face shields may be convenient while using 
other surgical hardware such as surgical loops, a neuro-
endoscope, and an exoscope as well as during the crani-
otomy step of the cranial surgeries. Note that this study is 
designed for the assessment of FOV; however, new studies 
and quantitative measures are required to evaluate clarity 
of view. Any refractive material eventually changes clar-
ity of view. Moreover, frosting of the view via steaming is 
another problem that we have had to deal with since the 
beginning of the pandemic. In the future, developing anti-
fog PPE material is mandatory.

Conclusions
Neurosurgical practice during the COVID-19 pandem-

ic requires new protective measures and the use of PPE. 
The surgical microscope is essential for most neurosurgi-
cal procedures, and an acceptable FOV is paramount for 
a safe surgery. PPE decreases the FOV under the surgical 
microscope to varying degrees depending on the extent of 
the distance increase from the exit pupil. Safety spectacles 
provide the most favorable FOV, as the distance from the 
exit pupil is the lowest among the PPE examined.
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