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ABSTRACT
Since the outbreak of COVID-19 in December 2019, there
had been global shortage of personal protective equipment
(PPE) supply due to the breakage of supply chain and also
the forbidding of PPE exported by various countries. This
situation had greatly affected the healthcare services in
local hospitals of Hong Kong. To maintain the availability of
PPE for healthcare workers in high-risk clinical settings, the
cluster management of New Territories West Cluster, Hospital
Authority, had implemented a bundle of interventions in
controlling and managing the PPE consumption and ensuring
its proper use. A Taskforce on Management of PPE was set
up in February 2020 with the aim to monitor and manage
the use of PPE in five local hospitals and eight general
outpatient clinics of New Territories West Cluster, which were
governed in a cluster basis, under the COVID-19 epidemic.
Interventions including cutting down non-essential services,
implementing telecare, monitoring PPE consumption at unit
level and PPE stock at the Cluster Central Distribution Centre
and forming mobile infection teams were implemented. The
updated PPE standards and usage guidelines to clinical staff
were promulgated through forums, newsletters and unit
visits. The PPE consumption rates of individual unit were
reviewed. Significant decrease in PPE consumption rates was
noted when comparing with the baseline data. Comparing
the data between 20 February and 1 June 2020, the overall
PPE consumption rates were reduced by 64% (r=−0.841;
p<0.001) while the PPE consumption rates in anaesthesia
and operating theatres, and isolation and surveillance wards
were reduced by 47% (r=−0.506; p=0.023) and 49%
(r=−0.810; p<0.001), respectively. A bundled approach,
including both administrative measures and staff education, is
effective in managing PPE consumption during major infection
outbreaks especially when PPE supply is at risk.

PROBLEM
Personal protective equipment (PPE) is an
important infection control measure to minimise the risk of infection and ensure staff’s
safety in the healthcare system. Since the
outbreak of COVID-19 in December 2019,
there had been global shortage of PPE supply

due to the breakage of supply chain and also
the forbidding of PPE export by various countries.1 Healthcare management worldwide
faced a crisis situation that was not thought of
before.
The Hong Kong Hospital Authority (HA) is
a statutory body responsible for managing all
public hospital services in the city. The New
Territories West Cluster (NTWC) is one of the
seven clusters of HA serving approximately 1
million people in the north-western parts of
Hong Kong. NTWC consists of 3 acute hospitals with approximately 2800 inpatient beds, 2
psychiatric hospitals and 8 general outpatient
clinics.2
Although planning for global pandemic
was available and regularly reviewed by
the Government of Hong Kong Special
Administrative Region and HA3 following
the past experience of severe acute respiratory syndrome in 2003 and swine flu H1N1
in 2009, the COVID-19 pandemic is a new
challenge to Hong Kong. On 11 February
2020, HA announced that the PPE stock
for healthcare workers (HCWs) could only
last for not more than 1 month.4 There was
no foresight in NTWC to prepare for the
global shortage of PPE occurring during the
pandemic which served as a double impact
to the hospital services. How to maintain
the availability of PPE for HCWs in high-risk
clinical settings and address the concerns of
staff in this pandemic became priority areas
for the cluster management to handle. Given
the possible stockpiling behaviour of PPE
in clinical areas and NTWC did not have
detailed day-to-day monitoring data on PPE
consumption before, it was difficult for the
cluster management to formulate effective
plans to manage the appropriate use of PPE.
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Therefore, an NTWC Taskforce on Management of PPE
(the Taskforce) was set up to manage the PPE consumption and to formulate strategic plans. This report outlined
the interventions made by the Taskforce which aimed to
reduce the overall PPE consumption rate by 50% of its
peak during the early phase of the pandemic.
BACKGROUND
Since December 2019, there had been an unexpected
emergence of pneumonia cases in Wuhan City, Hubei
province, China.5 This disease was later found to be caused
by a novel type of coronavirus, which was later known as
COVID-19.6 The WHO declared this COVID-19 epidemic
a Public Health Emergency of International Concern on
30 January 2020 and a pandemic on 11 March 2020.7 8
With the first case of COVID-19 being confirmed in
Hong Kong on 23 January 2020,9 the epidemic had led
to a city-wide panic, triggering fear-related behavioural
changes and altering consumption behaviour in both the
public and healthcare sectors as described in previous
major infection outbreaks.10 11 The WHO warned of
‘severe disruption’ in the PPE market and the worldwide
stocks were ‘now insufficient’ to meet the demand.12 13
The situation had been further exacerbated by widespread
and inappropriate use of PPE by HCWs and the break in
the supply chain of PPE worldwide.14
To face the global shortage of PPE supply, the WHO
announced its interim guidance on the use of PPE in this
COVID-19 outbreak in healthcare settings on 27 February
2020. There were three key principles: (1) minimise
the need for PPE, (2) ensure the use of PPE is rational
and appropriate, and (3) coordinate PPE supply chain
management mechanisms.1 Local hospitals in Hong Kong
need to deal with the first two areas while HA head office
had sped up her PPE sourcing, tendering and procurement processes.
MEASUREMENT
To effectively control and monitor the PPE consumption
and ensure proper usage of PPE, all units in NTWC were
asked to report their stock levels of PPE items including
face shields, surgical masks, N95 respirators and isolation
gowns (levels 1 and 3 of Association for the Advancement
of Medical Instrumentation standards), twice weekly to
the Taskforce. The trends of daily PPE consumption in
each individual unit and all hospitals and clinics were
calculated by averaging the weekly differences between
the opening and closing stock levels of individual unit,
and taking into account the supply of PPE from the NTWC
Central Distribution Centre (warehouse in NTWC to store
and distribute medical equipment and consumables) and
the return of surplus items to the NTWC Central Distribution Centre within each measuring period. Ongoing PPE
consumption charts were used to present the observed
data over a specific period of time which helped to track
the information and predict the trends.
2

The estimated daily PPE consumption data on 20
February 2020 were taken as the baseline measurement
and it was about 112 000 pieces per day (0.50 per inpatient bed-day occupancy) for all units in NTWC. In particular, critical areas including anaesthesia and operating
theatres, and isolation and surveillance wards, the PPE
consumption rates were 402 pieces per day (1.09 per
operation) and 1753 pieces per day (0.23 per inpatient
day occupancy of related specialties), respectively.
bed-
Pearson correlation was used to evaluate whether there
were any significant changes on the PPE consumption
rates after the interventions. Statistical significance was
considered when the p value was less than 0.05. The data
were analysed using SPSS V.26.
DESIGN
The Taskforce, comprising members of senior management, was set up in NTWC with the aim to monitor and
manage the usage of PPE. Since early February 2020, the
following five interventions had been implemented by
the Taskforce:
Cut down non-essential clinical services
In order to concentrate manpower and resources
(including PPE) to face the COVID-19 challenge, many
non-
urgent clinical services including operations and
endoscopy services were postponed or cancelled. Outpatient and day care services were cut substantially and
appointments were rescheduled together with the drug
refilling programme for patients with stable chronic
illnesses.
Implementation of telecare
Telecare was not popular in HA before the COVID-19
outbreak. With the substantial clinical service cut, telecare
was considered a workable substitute of service provision
to affected patients to minimise patient visits to hospitals or clinics, especially in the rehabilitative and allied
health settings, for example, physiotherapy, occupational
therapy, dietetics, speech therapy and clinical psychology.
This was also introduced in elderly care consultations
to nursing home residents and psychiatric consultations
to hospital inpatients in isolation settings. Without the
need of direct patient contact, the requirement of PPE
was much reduced. The service cut down also helped to
reduce people’s traffic in hospital areas so as to reduce
cross-infections in clinical settings.
Formation of mobile infection teams working in high-risk
areas and handling high-risk procedures
High-level PPE, for example, N95 respirators, is essential for HCWs working in high-risk areas or performing
high-risk procedures like aerosol-generating procedures
(AGP). Changing PPE after each patient encounter was
the usual practice. However, with the support from Centers
for Disease Control and Prevention of the USA,15 and HA
Central Committee on Infectious Disease and Emergency
Responses, an extended use of PPE was allowed during
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PPE shortage period. Staff could take care of several
high-risk patients continuously without changing their
N95 respirators if they were not obviously soiled. Face
shield could be used during the caring process to reduce
the chance of contamination. This idea generated the
formation of small mobile infection teams (iTeams) in
various clinical settings, for example, physiotherapists
performing chest physiotherapy and sputum suction,
anaesthesia AGP team performing intubation and extubation for patients undergoing surgery, nursing care of
several patients in isolation ward cubicles and portering
service for high-risk patient transfers. The iTeams usually
consisted of a small number of staff highly experienced
for the job. The re-engineering of the workflow concentrated the experienced staff for high-
risk duties with
adequate protection and reduce the PPE consumption.
Monitoring of PPE consumption at unit level and stock at
NTWC Central Distribution Centre
There was no automated monitoring of the consumption
rates of PPE by individual unit in NTWC before. In order
to closely monitor the situation, all clinical units were
asked to report to the Taskforce their local PPE stock
count twice per week. In areas where the PPE consumption rates were high, for example, accident and emergency departments, isolation wards, surveillance wards,
intensive care units, anaesthesia and operating theatres,
daily stock take was conducted. Also, the PPE stock level
in the NTWC Central Distribution Centre was closely
monitored to ensure there was a healthy supply and
demand of PPE.
Communication with staff through forums, visits and
newsletters
Communication is vital to address any prevailing misinformation and stigma and reduce the fear and anxiety
of staff and public during the pandemic.3 Weekly staff
forums were held in hospitals with videoconferencing
to other satellite sites. The contents included updated
information about the virus and the epidemic, guidelines
from HA and Hong Kong government and administrative support to staff. Other communication channels like
e-newsletters, smartphone messages, point of contact for
staff’s enquiries and direct unit visits to answer queries
were also conducted.
STRATEGY
All interventions were discussed and agreed by the
Taskforce before implementation. The baseline PPE
consumption rates of individual unit were taken as references for devising strategic plans in order to minimise
PPE consumption in different areas.
The non-
essential clinical services were reduced in
early February 2020, so that PPE could be reserved for
critical areas and essential services. Elective surgeries and
diagnostic imaging services were reduced by 60% while
non-urgent endoscopy services and day hospital activities
were suspended. iTeams and telecare were subsequently
Kwan W-M, et al. BMJ Open Quality 2020;9:e000990. doi:10.1136/bmjoq-2020-000990

implemented in late February 2020 since time was
required to communicate with iTeams staff and prepare
for the technical systems and equipment, for example,
collecting mobile devices for the units conducting telecare and setting up the necessary network and software
applications. The effectiveness of the interventions was
then monitored through the PPE consumption rates.
The PPE consumption data also helped the Taskforce
to identify areas of deviant of PPE consumption and remedial actions would be taken immediately. For example,
unit managers were asked to be aware of any malpractice
and site visits were conducted to the units for promulgation of updated PPE standard guidelines. The information helped the Taskforce to quantify and visualise the
trend of PPE depletion (down to individual item model)
and to forecast the critical level of PPE stock when further
service adjustment or suspension would be required. For
example, N95 respirator was always the focus of concern
as its supply source was limited but its role was critical for
HCWs working in isolation settings. It was noted from the
data analysis that there was relatively more availability of
some rare models of N95 respirators in the NTWC Central
Distribution Centre for which only a small number of
HCWs had passed the fit test. As such, these HCWs were
encouraged to use these rare models first and spare the
stock of common models to the general pool of HCWs.
N95 respirator fit tests were also slowed down for staff
not working in high-risk areas to preserve and prioritise
the supply of N95 respirators for critical areas handling
suspected or confirmed patients with COVID-19.16
The PPE guidelines and their subsequent revisions
according to the updated knowledge of the disease had
generated concerns and uncertainties among HCWs.
An open attitude to communicate with staff and a transparent culture were important to solicit understanding
and support from them.
RESULTS
When comparing data between 20 February and 1 June
2020, significant decreasing trends were found in the
overall PPE consumption per inpatient bed-
day occupancy (decrease in 64%; r=−0.841; p<0.001) (figure 1),
PPE consumption in anaesthesia and operating theatres
per operation performed (decrease in 47%; r=−0.506;
p=0.023) (figure 2) and PPE consumption in isolation
and surveillance wards per inpatient bed-
day occupancy of relevant specialties (decrease in 49%; r=−0.810;
p<0.001) (figure 3). Since the implementation of the
bundle of interventions, there was no incident of cross-
infection for both HCWs and patients occurring in clinical settings, which demonstrated the safety aspect of the
interventions.
LESSONS AND LIMITATIONS
The success of the bundled interventions depends both
on the efforts of the local hospitals and the corporate
direction. The guidance from HA was also an important
3
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Figure 1 Estimated daily consumption rates of personal protective equipment (PPE) from 20 February to 1 June 2020 in all
units in New Territories West Cluster.

success factor. The adjustment of clinical services under
the HA Emergency Response Level and revising the guidance on the proper use of PPE for different duties in
hospitals were facilitating factors for the interventions.17
Under the stress of supply and stock shortage of PPE in
all public hospitals, the proper and rational use of PPE is
a critical step in combating the pandemic. Using PPE of
higher standard in low-risk procedures is irrational, as it
does not provide extra protection but rather gives staff a
false sense of security and such malpractice would deplete
the stock of high-level PPE for staff working in high-risk
areas. Staff may also be unfamiliar with the donning and
doffing procedures when using high-standard PPE, which
would paradoxically increase their risk of infection.18 19
Apart from communication and education to staff,
close monitoring and managing of PPE consumption is
important for hospital management to handle this crisis
of PPE shortage. However, this is a complex exercise for
NTWC because there are hundreds of clinical units. The
setting up of the PPE Taskforce and the assignment of
dedicated staff (both clinical and administrative) to focus
on the issue were instrumental. The temporary drastic
cut down of non-essential services at the beginning was
a major step to take. This facilitated the infection control
by reducing people’s entry to hospitals and significantly
reduced the PPE consumption. For those critical areas

like isolation or surveillance wards, operating theatres,
intensive care units, and so on, their essential services
could not be reduced but were actually increased. With
the recommendations to support the extended use of
PPE and the staff’s agreement to form small iTeams, the
PPE consumption was also significantly reduced in these
critical areas. This could only be possible when staff were
convinced of the rationale and had a good team spirit
to work with the cluster management to face the double
challenges of the pandemic and PPE shortage.
The use of PPE in an ongoing epidemic is different
from usual clinical practices, especially in the early stage
when the knowledge of the infection is limited and the
PPE requirement is uncertain.20 Extensive stockpiling
behaviour has to be taken into account when estimating
the rate of PPE consumption.21 After the first local case
of COVID-19 being confirmed on 23 January 2020, a
typical epidemic fear with an irrational PPE stockpiling
behaviour would be expected in local hospitals. The coincidence of the epidemic occurrence during the 4 days of
Chinese New Year holidays and the subsequent lockdown
of cities in China to control the infection led to a complete
breakdown of the PPE supply chain. Although HA kept a
3-month stock of PPE according to the Pandemic Preparatory Plan,22 the unexpected PPE consumption rose
together with the PPE supply halt. A rapid depletion of

Figure 2 Estimated daily consumption rates of personal protective equipment (PPE) from 20 February to 1 June 2020
in anaesthesia and operating theatres after the implementation of iTeams responsible for performing aerosol-generating
procedures (AGP).
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Figure 3 Estimated daily consumption rates of personal protective equipment (PPE) from 20 February to 1 June 2020 in
isolation and surveillance wards for confirmed and suspected patients with COVID-19.

PPE stock of HA to a critical level of only around 1 month
occurred in early February 2020. As a lesson to learn, HA
had aimed at keeping a 6-month PPE stock for pandemic
preparation in the future.23
The designated PPE Taskforce was set up at the critical
moment in NTWC to deal with the crisis. No single solution could solve the big and imminent problem of PPE
shortage in a pandemic. Thus, a bundle of interventions
was implemented. The key success factors are soliciting
the support and understanding of staff and accurately
estimating and monitoring the PPE consumption rates.
It is important to understand the workflow and the usual
practices of different units and their PPE consumption in
relation to the nature of the job. The Taskforce emphasised to staff about the goal to strive for zero infection
incident among HCWs in clinical settings and encouraged the rational use of PPE. Establishing a mutual trust
between the hospital staff and the cluster management is
of paramount importance. The cluster management had
to convince the staff that actions were taken quickly and
decisively. The ‘TRUE’ (Transparent, Rumour clarification, Updates and Education) principles for risk communication in crisis had been useful for disseminating clear,
concise and up-to-date information to staff through staff
forums, e-newsletters, direct unit visits, and so on.24
Together with the stabilisation of PPE stock, the
results demonstrated that the bundle of interventions
was successful to achieve the aim of reducing 50% of
overall PPE consumption rate. This was the results of
the improved understanding of the disease nature of
COVID-19 and what PPE requirement standards could be
adjusted and the increasingly rational behaviour of the
staff in using PPE. This instilled a calm and controlled
atmosphere in clinical areas which was very precious and
critical when one was facing a pandemic infection of
unprecedented proportions.
The experience in this programme could shed some
light to future pandemic preparatory planning. PPE
supply and demand would be a key area to look into.
PPE is now considered as one of the strategic national
stockpile items for the management of infectious disease
outbreaks in many countries. Simulation exercises should
be run to evaluate how PPE supply and demand could
Kwan W-M, et al. BMJ Open Quality 2020;9:e000990. doi:10.1136/bmjoq-2020-000990

be accurately monitored during crisis.25 Expanding the
supply source of PPE would be a global movement. The
guarantee of a stable PPE supply chain is instrumental to
allay the fears of HCWs in handling infection epidemics.
While adopting the iTeams concept to clinical services
was successful, research into its effectiveness and safety,
and the possible expansion to other service areas should
be conducted. Telecare showed its distinct role to offer
healthcare during infection outbreaks. Its potential to
further develop is huge and it should be further studied
as an alternative to the usual patient care.26 27 Last but
not least, education on infection control, including the
proper use of PPE and other precautionary measures,
remains to be fundamental to ensuring staff safety in
infection outbreaks.
This study had several limitations. First, the regular
stock-taking exercise only provided a calculated estimation of daily PPE consumption of units which might be
slightly different from the exact figures. However, the estimation appeared to be a good one and the actual stock
on hand could be confidently monitored. Second, the
sustainability of the interventions has to be evaluated to
ensure they are effective in the ever-changing environment and pandemic situation. It would be expected that
these bundled measures may not be applicable during
the resumption of normal hospital services. The cluster
management should study the practicality and feasibility
of modifying and adopting those interventions under the
‘new normal’ of healthcare after COVID-19. Third, since
the management of PPE consumption requires a prompt
response, thorough planning by the plan-
do-
study-
act
cycle was considered difficult under this circumstance
as it usually requires careful planning and more evaluation in the process.28 Therefore, ongoing PPE consumption charts were used for outcome measuring such that
the cluster management could make effective decisions
according to the latest trends.
CONCLUSION
Facing the COVID-19 pandemic together with the
global PPE supply shortage, this programme demonstrated a successful approach to monitor and control
5
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the consumption of PPE in clinical areas and the interventions were proved to be effective. It is believed that
other healthcare organisations can take reference to
this approach to combat the global health challenge of
COVID-19.
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