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Abstract
Purpose of Review Personal protection equipment (PPE)–associated headache is an unusual secondary headache disorder that
predominantly occurs in healthcare workers as a consequence of the donning of protective respirators, face masks and/or
eyewear. The appreciation of this entity is important given the significant ramifications upon the occupational health of healthcare
workers and could additionally have an impact on persons living with pre-existing headache disorder(s).
Recent Findings There has been a renewed interest and recognition of PPE-associated headaches amongst healthcare profes-
sionals, largely brought about by the ongoing COVID-19 pandemic which has besieged healthcare systems worldwide. De novo
PPE-associated headaches may present with migrainous or tension-type features and can be viewed as a subtype of external
compression headache. The prognosis of the disorder is generally favourable, given that most headaches are short-lived without
long-term sequalae. Several aetiologies have been postulated to account for the development of these headaches. Notably, these
headaches can affect the occupational health and work performance of healthcare workers.
Summary In this review, we discuss the epidemiology, clinical characteristics, probable etiopathogenesis, management and
prognosis of PPE-associated headaches in the context of the COVID-19 pandemic. Future directions for research and PPE
development are proposed.
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Powered air-purifying respirator (PAPR)

Introduction

Coronavirus disease 2019 (COVID-19) attributed to the se-
vere acute respiratory syndrome coronavirus 2 (SARS-CoV-
2) was declared a global pandemic by the World Health
Organisation (WHO) in March 2021 [1–4]. The pandemic

continues to be an ongoing public health issue with more than
133 million cases recorded globally [5]. As the main mode of
dissemination of the SARS-CoV-2 virus is via respiratory
droplets, healthcare personnel worldwide were mandated to
wear personal protective equipment (PPE), while caring for
suspected or confirmed COVID-19 patients in the course of
their duties. Essentially the donning of full PPE necessitates
the use of a pre-fitted size-appropriate respirator (e.g. N95 face
mask), protective eyewear (goggles or face shield), gown and
gloves [6, 7].

The most commonly used respirator is the N95 face mask,
which has been designed to filter off at least 95% of particles
that are >0.3um, preventing these particles from entering the
lungs. Although coronaviruses measure 0.06–0.14 μm in di-
ameter, their small size renders them random Brownian mo-
tion, making them more prone for being trapped by the filter.
Therefore, N95 respirator masks filter the coronavirus effec-
tively, provided the mask has a proper seal. Therefore, a fit test
is necessary before donning these masks [7]. In addition to
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PPE, healthcare professionals working in high-risk hospital
areas may also need to use powered air-purifying respirators
(PAPR) when aerosol-generating medical procedures (e.g. en-
dotracheal intubation) are performed [8, 9]. It is worthwhile to
note that each country has their own certification standard for
each mask type, e.g. the USA (National Institute for
Occupational Safety and Health (NIOSH), 42CFR Part 84),
Europe (149:2001) and China (KN95, GB2626). The
European Union classifies respirator masks into FFP1, FFP2
and FFP3 where FFP stands for filtering face piece. N95 is
roughly equivalent to FFP2 and N99 is roughly equivalent to
FFP3 masks. FFP1, FFP2 and FFP3 are also called P1, P2 and
P3. In the real-world practice, the donning of PPE is often
physically distressing, especially when used for an extended
duration as necessitated by outbreaks of infectious diseases
with a protracted course, as in the case of COVID-19 [10–12].

Headache arising from the sustained compression of peri-
cranial soft tissues by the wearing of objects with tight bands
or straps (e.g. helmets, diving goggles, frontal lux devices) has
been previously reported in the literature [13–19]. The pain or
discomfort (headache, facial pain, and/or ear lobe discomfort)
arising from tight-fitting respirators and their accompanying
elastic head straps confers limited tolerability, especially when
used for a prolonged period of time [20–22]. Other non-
mechanical related adverse effects such as difficulty breath-
ing, dizziness and shortness of breath have also been previ-
ously reported as potential etiological factors, affecting the
overall satisfaction and occupational health of healthcare pro-
fessionals [23].

The unprecedented scale of the COVID-19 pandemic pro-
vides a hitherto opportunity for the study of PPE-associated
headaches amongst healthcare workers, adding to the limited
medical literature on this unusual entity. This review shall
discuss the epidemiology, clinical features, probable
etiopathogenesis, prognosis and management of PPE-
associated headaches in the context of the ongoing COVID-
19 pandemic. Future directions for research and PPE develop-
ment will also be proposed.

Epidemiology

The incidence of PPE-associated headaches amongst
healthcare workers in the context of the COVID-19 pandemic
ranges from 26.5%–90.7% [24, 25••, 26–32, 33•, 34•, 35•,
36•]. In comparison, a study amongst healthcare providers
using the N95 face mask during the 2003 severe acute respi-
ratory distress syndrome (SARS) epidemic in Singapore ob-
served that new-onset face mask–associated headaches oc-
curred with an incidence of 37.3% [37].

Since the start of COVID-19 in December 2019, there have
been a total of 6 published studies specifically conducted to
understand PPE-associated headache amongst healthcare

workers (see Table 1) [25••, 33•, 34•, 35•, 36•, 38•]. Based
on these studies, several factors have been found to confer a
greater likelihood of developing de novo PPE-associated
headaches. These include having a pre-existing primary head-
ache diagnosis (e.g. migraine or tension-type headache) [25••,
34•], engaging in shift-work lasting more than 8 h [38•] or up
to 12 h [23, 38•] at a stretch, and the use of a filter mask (as
opposed to a surgical mask) [35•]. The combined usage of
PPE (N95 respirator and protective eyewear) for >4 h per
day [25••] or the use being a healthcare worker (in particular
being a nurse) or having a history of asthma was also found to
correlate with the development of such headaches.
Interestingly, Caglar et al. reported that every hour spent using
PPE increased the risk of developing new symptoms (includ-
ing headache) by 1.38 times [31].

Clinical Features of De Novo PPE-Associated
Headaches

Recently published studies specifically looking at PPE-
associated headache amongst healthcare workers during
COVID-19 provide interesting insights into the phenotype of
this unusual entity which until now has been infrequently
reported [25••, 33•, 34•, 35•, 36•, 38•] (see Table 1).

The HAPPE (headaches associated with personal protec-
tive equipment) study was the first study worldwide to char-
acterise the clinical features of de novo PPE-associated head-
aches in the context of COVID-19 [25••]. This and subsequent
studies conducted have helped to define the following clinical
features:

(a) Headache lateralisation. Headache is usually bilateral
with the experienced discomfort localising to areas
where the protective respirator and eyewear, and their
accompanying straps, makes contact upon the head, face
and neck (see Fig. 1) [25••, 36•, 38•].

(b) Headache quality. Usually a ‘pressure’, ‘heaviness’ or
‘pulling’ sensation, although some may experience a
‘throbbing’ headache [25••, 33•, 36•].

(c) Headache intensity. Usually mild to moderate in intensi-
ty although a more severe headache may be experienced
in a proportion of individuals [25••, 33•, 34•, 36•].

(d) Headache duration. Attacks have been reported to range
from <30 min to 2 h [25••, 34•, 36•, 38•].

(e) Associated symptoms. A proportion may experience nau-
sea and/or vomiting, photophobia, phonophobia, neck
discomfort and movement sensitivity [25••, 33•].
Fatigue, tachypnoea, dizziness and palpitations have also
been observed [36•].

(f) ICHD-3 (2018) Criteria for 4.6.1 external compression
headache (ECH) [39]. In two studies, the criteria for ECH
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(see Table 2) were fulfilled by the majority who devel-
oped de novo PPE-associated headaches [25••, 38•].

In summary, de novo PPE-associated headache can present
with migrainous or tension-type features and can be viewed as
a subtype of external compression headache.

Pre-existing Headache Diagnosis
and Concomitant PPE-Associated Headaches

Multiple reports have revealed that de novo PPE-associated
headaches can affect the course of migraine or tension-type
headache amongst healthcare workers with pre-existing pri-
mary headache disorders [25••, 33•, 34•, 35•, 36•, 38•].

The incidence of de novo PPE-associated headaches
amongst those with a background headache disorder (e.g. mi-
graine, tension-type headache) has been reported to range
from 29.0 to 93.5% [25••, 34•, 38•].

The increased frequency of PPE usage has been found to
correlate with an increase in attack frequency and duration as
well as the administration frequency and response of acute
medication for those with pre-existing headaches, although
other contributing factors such as sleep deprivation, physical
stress, psychological stress, irregular mealtimes and inade-
quate hydration could also play a role [25••, 35•, 36•, 38•].
Similar to those with purely de novo PPE-associated head-
aches, work performance can be adversely affected [25••,
33•].

Additionally, having a pre-existing headache diagnosis as
well as the donning of protective eyewear in combination with
face mask for more than 4 h correlated with the development
of de novo PPE-associated headaches in this population [25••,
36•].

Etiopathogenesis

Several proposed aetiologies and mechanisms have been pos-
tulated to explain the development of PPE-associated head-
aches. Mechanical and physical factors such as pressure, ten-
sion or tractional forces from the respirator and/or protective
eyewear and their accompanying bands or straps can cause
localised tissue damage or exert an irritative effect on the
superficial sensory nerves (in particular trigeminal or occipital
nerve branches) innervating the face, head and cervical re-
gions [15] (see Figs. 2 and 3). Additionally, neck strain from
the donning of such equipment could trigger cervicogenic or
tension-type headache [40, 41]. The resultant peripheral sen-
sitisation activates the trigeminocervical complex through no-
ciceptive information transmitted via different branches of the
trigeminal nerve through the trigeminal ganglia and brainstem
to the higher cortical areas, thereby triggering such headaches
[42]. Additionally, a compressive neuralgia affecting superfi-
cial sensory nerves [43] or skin breakdown [44, 45] could also
serve as contributory factors for headache development.

At present, there is conflicting opinions pertaining to the
causative role of hypoxemia and/or hypercapnia towards the
development of PPE-associated headaches. Theoretically, the
donning of the N95 respirator could alter the physiology of
respiration leading to increased breathing resistance which in
turn could increase respiratory muscle usage, potentially af-
fecting carbon dioxide (CO2) [46] and oxygen levels [47, 48].
Previous reports have suggested that such alterations can
cause altered cerebral haemodynamics due to hypoxemia
and CO2 retention, leading to headache even after a few mi-
nutes of wearing the N95 respiratory [23, 49]. However, such
physiological changes were reported to neither cause a signif-
icant change in the blood concentrations of these gases [39]
nor did they translate into clinically relevant effects in healthy
individuals [47, 48, 50, 51]. On the contrary, it was found that
speech and low physical activity rates while wearing protec-

Fig. 1 Frontal and side profiles of
a healthcare worker donning the
N95 respirator and protective
eyewear (either goggles or face
shield) in combination (a–f).
Posterior profile demonstrating
where the edges of the N95 face
mask and goggles and their
accompanying straps contact the
head, neck and face (g). Adapted
with permission from [25••]
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tive respiratory devices could lead to CO2 rebreathing, causing
discomfort and reduced tolerability [52]. Apart from the per-
turbations in respiratory homeostasis, the use of PPE has been
found to cause considerable changes in other physiological
parameters (e.g. heart rate, perfusion index), indirectly causing
a constellation of adverse effects including headaches, tired-
ness, difficulty breathing and palpitations especially after
prolonged shift working [32].

In an attempt to provide further clarification of the effect of
hypercapnia and PPE-associated headaches, our group evalu-
ated the cerebral haemodynamic changes of 154 healthcare
workers during the COVID-19 pandemic, who donned either
the N95 respirator alone or in combination with PAPR [8••].
Cerebral haemodynamic changes were assessed via transcra-
nial Doppler (TCD) monitoring of the middle cerebral artery
(see Fig. 4). In this study, the mean flow velocity (MFV) and
pulsatility index (PI) were recorded at baseline, 5 min after

donning the N95 respirator and 5 min after donning PAPR.
These TCD parameters have been previously validated a
priori to be reliable surrogates of cerebral blood flow and

Table 2 International Classification of Headache Disorders, 3rd Edition
(ICHD-3) (2018) criteria for external compression headache [13]

1. At least 2 episodes of headache fulfilling criteria 2–4

2. Brought on by and occurring within 1 h during sustained external
compression of the forehead or scalp

3. Maximal at the site of external compression

4. Resolving within 1 h after external compression is relieved

5. Not better accounted for by another ICHD-3 diagnosis

Fig. 2 Anatomical localisation and frequency distribution amongst 128
respondents from the HAPPE study who reported de novo PPE-related
headaches. The shaded areas indicate the regions where discomfort was

experienced and generally corresponds to the areas of physical contact
from the N95 respirator or protective eyewear and their accompanying
straps. Adapted with permission from [25••]

Fig. 3 Sensory innervation of the head. Auriculotemporal nerve (AT);
deep branch of the supraorbital nerve (SON-D); greater occipital nerve
(GON); infratrochlear nerve (ITN); lesser occipital nerve (LON); man-
dibular branch of the trigeminal nerve (V3); maxillary branch of the
trigeminal nerve (V2); nasal nerve (NN); ophthalmic branch of the tri-
geminal nerve (V1); superficial branch of the supraorbital nerve (SON-S);
supratrochlear nerve (STN); third occipital nerve (TON);
zygomaticotemporal nerve (ZTN). The reader will appreciate the
clinico-anatomical relevance when this diagram is compared with Fig.
2. Adapted with permission from [25••]
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vascular tone. These parameters can be altered by changes in
the partial pressure of CO2 in arterial blood [53]. The end-tidal
carbon dioxide (ETCO2) pressure was also assessed via a
cannula. The donning of N95 respirator resulted in a signifi-
cant increase in MFV and a decrease in PI while ETCO2

increased. In a subset of participants donning the N95 respi-
rator in combination with PAPR, we demonstrated the nor-
malisation of PI, accompanied by normalisation of ETCO2

after 5 min. It is possible that the N95 respirator could cause
an expansion of the effective dead space volume around the
mouth and nose, resulting in hypercapnia [54], which could be
reversed by the concurrent use of PAPR leading to the nor-
malisation of ETCO2 as well as cerebral haemodynamic pa-
rameters. We postulate that the positive pressure generated by
PAPR could have led to a relative hypocapnia by increasing
the concentration of oxygen inside the hood and through pos-
itive pressure-assisted exhalation. Our findings suggest a pos-
sible contributory role of hypercapnic cerebral vasodilatation
as one possible mechanism giving rise to PPE-associated
headaches, which could be mitigated by the combined use of
PAPR. In addition, our subjects opined that the combined use
of the N95 respirator and PAPR was more tolerable as com-
pared to when the N95 respirator was used in isolation.

In a separate study, our group further evaluated the concen-
tration of ETCO2 amongst 11 healthy individuals when various
PPE equipment were used [55]. Carbon dioxide levels were
measured under 4 different conditions—(a) during regular

breathing with no mask worn (b) with donning of the JustAir®
PAPR (c) orKN95 respirator (Emercate, Shenzhen, China) (d) or
a valved respirator (model 7502/37082(AAD) (3M, St. Paul,
MN)). Serial ETCO2 measurements were done using a nasal
cannula for 15 min for each PPE configuration to evaluate
whether NIOSH limits were breached. We found that the use
of face masks (KN95 and valved respirator) resulted in signifi-
cant increases in ETCO2 concentrations, which exceeded the 8-h
NIOSH exposure threshold limit value-time-weighted average
(TLV-TWA). However, these concentration increases did not
breach short-term (15-min) limits. Notably these levels were
considerably lower than the long-term (8-h)NIOSH limits during
the donning of JustAir® PAPR. Our findings lend further sup-
port towards the use of PAPR, alone or in combination with face
masks, which may be especially pertinent in circumstances
where an extended period of PPE donning is anticipated.

Prognosis, Management and Implications
on Occupational Health and Quality of Life

Our experience from the HAPPE study and other reports sug-
gest that PPE-associated headaches generally have a
favourable prognosis as attacks are mostly short-lived with
no prolonged sequelae [25••, 33•, 34•, 35•, 36•, 38•]. While
the majority of the subjects in the HAPPE study [25••] did not

Fig. 4 An example of serial
transcranial Doppler (TCD)
changes measured from a healthy
subject during the donning of N95
respirator mask alone and in
combination with PAPR. While
breathing ambient room air, the
Doppler spectra from the right
middle cerebral artery showed a
MFV of 46.6 cm/s and PI 0.96
(A). Post-donning N95 respirator
mask for 5 min,MFV increased to
53.9 cm/s while PI decreased to
0.68 (B). However, both MFV
and PI returned to near-baseline
5 min after donning of PAPR and
N95 respirator in combination
(C). Adapted with permission
from [8••]
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require symptomatic acute treatment, Zaheer et al. [34•] and
Hajjij et al. [38•] observed that the majority of their subjects
required the administration of acute treatment, with most
using simple analgesics such as paracetamol and non-
steroidal anti-inflammatory drugs (NSAIDS). Triptans and
opioids were rarely needed. This difference perhaps reflects
the variance in demographics and working conditions that
exists amongst different study populations. PPE-associated
headaches have also been perceived to negatively impact upon
the occupational health, work performance and productivity
of healthcare workers with or with a pre-existing headache
diagnosis [25••]. These headaches also had an impact on fam-
ily, personal or social life, especially in those with a back-
ground headache disorder, with a greater effect on those
who used a respirator as opposed to a surgical mask [35•].
For those who have a pre-existing primary headache disorder
(e.g. migraine or tension-type headache), multiple studies
have revealed that PPE-associated headaches could adversely
aggravate the course of their background headaches in terms
of frequency, intensity and acute medication usage [25••, 33•,
34•, 35•, 36•, 38•].

In general, unless there are other atypical features, investiga-
tions are not routinely required given the clear temporal rela-
tionship of PPE usage and headache development. Interestingly,
a study by Martin-Rodriguez et al. reported that an elevated
baseline blood creatinine level as compared to that measured
after a 4-h shift could potentially be a useful blood biomarker
that could predict the development of PPE-associated headaches
[56]. Clearly more studies are necessary to elucidate the clinical
relevance and utility of this initial finding.

At present, there are no robust evidence-based treatment
strategies for the management of PPE-associated headaches.
Given that the COVID-19 pandemic is far from over, one may
postulate that headache frequency, intensity, use of analgesics
and work performance may continue to worsen if the pandem-
ic is sustained for a longer duration. Shorter duty hours and the
institution of frequent rest breaks translate into a shorter dura-
tion of PPE usage and might be a viable long-term strategy to
avoid the adverse impact of PPE usage, especially when used
for an extended duration [25••]. The use of PAPR alone (those
with double filters) or together with a separate respirator (e.g.
N95 mask) for healthcare workers on longer shifts could also
be advocated, especially for susceptible healthcare workers
[8••, 55]. Environmental modification strategies such as the
maintenance of an optimal ambient temperature and adequate
ventilation may additionally help to alleviate the discomfort of
PPE usage especially in climates where high temperatures and
humidity are experienced throughout the year [28]. The avoid-
ance of known headache trigger factors such as sleep depriva-
tion, physical and psychological stress, irregular mealtimes
and inadequate hydration should be incorporated in the man-
agement strategy to decrease the propensity of headache oc-
currence [42, 57–60]. Simple measures to decrease PPE-

related pressure effects such as wearing of mask straps across
the crown to prevent pressure on the ears or application of
alcohol-free film barriers or petroleum jelly on could poten-
tially help as well [44, 45, 61].

Future Directions

Given that the use of PPEwill likely becomemore widespread
in the foreseeable future, PPE design in addition to the pro-
motion of strategies to guarantee the safety of healthcare
workers while catering to their work productivity and overall
quality of life will be key in the battle against COVID-19 and
other emerging infectious diseases in the coming years.

Although the vast majority of PPE-associated headaches
fulfilled the criteria for ECH (see Table 1), a proportion of
healthcare workers had time intervals exceeding the stipulated
60-min time limit in terms of the onset from PPE donning and
resolution of headache post-PPE doffing [25••]. The extended
duration of PPE usage amongst healthcare workers during
COVID-19 is largely brought about by necessity as mandated
by infectious diseases protocols and represents a clear depar-
ture from prior usage patterns pre-pandemic. It is plausible
that despite any discomfort arising from PPE usage, frontline
healthcare workers may have to endure the discomfort without
the opportunity for frequent adjustments or removal. As as-
tutely reported by Farronato et al., the dental professionals in
their cohort had usually took off their masks in between pa-
tients, which is why the time spent using PPEwas not found to
be correlated associated with headaches in their study [30].
Notably, a proportion of PPE-associated headaches have been
found to be associated with migrainous symptomatology
[25••, 33•]. It is possible that in predisposed subjects, if the
stimulus is prolonged, external compression may result in a
more severe migraine attack [62]. From an anatomic stand-
point, the head and neck regions where pain is localised may
also be consistent with migraine or tension-type headache (see
Fig. 2). Further larger-scale systematic field studies are neces-
sary to validate and determine the phenotypic variance of
these headaches amongst frontline healthcare workers.
Perhaps in the next iteration of the ICHD, the diagnostic
criteria of ECH could be better defined through the inclusion
of ‘migrainous’ and ‘tension-type’ subtypes to better charac-
terise the phenotype of ECH.

At present, conventional PPE prioritise the adequacy of fit
over comfort or tolerability, especially when these equipment
are donned for a prolonged duration as in the context of dis-
ease outbreaks [11, 63]. Mask and protective eyewear designs
rely heavily on elastic straps. Furthermore, prolonged PPE
usage can cause thermal discomfort, as a consequence of
moist warm air accumulating within the confines of the mask
and protective eye-wear micro-environment, further contrib-
uting to the development of de novo PPE-associated
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headache, especially in hot and humid environments [64, 65],
where heat stress, dehydration and associated cognitive im-
pairment could additionally aggravate the effects of extended
PPE use [66, 67]. These factors have an important bearing on
PPE compliance amongst healthcare workers, with conse-
quent ramifications on occupational health, workplace
safety, productivity and ultimately job satisfaction.
Clearly, there is an urgent need to develop the next-
generation PPE, perhaps through the use of novel material
engineering solutions, which will not only be safe but also
better tolerated, and consequently less propensity for the
development of headaches [68, 69••]. Such endeavours are
important as they help increase the compliance and proper
usage of PPE and thus improve occupational safety
amongst healthcare workers [11, 27, 67, 68] .

Conclusions

The use of PPE amongst frontline healthcare workers to pro-
tect themselves against SARS-CoV-2 is undeniably essential.
PPE-associated headaches are increasingly recognised as a
form of secondary headache that has recently surfaced with
renewed interest owing to the ongoing COVID-19 pandemic.
This disorder has important occupational health ramifications
given that the trajectory of the pandemic is likely to be
protracted. The reality of a contracted healthcare workforce
translating into the need for extended working hours or shifts
potentially increases the exposure to viral load. There is thus
an urgent need to improve the design of existing PPE options,
which not only fulfils conventional safety standards but also
user comfort and tolerability. This is perhaps one of the big-
gest issues facing healthcare professionals today, which needs
global prioritisation for not only COVID-19 but also for future
pandemics of similar proportions.
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