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Lây nhiễm COVID-19 trong NVYT

NHÂN VIÊN Y TẾ 
MẮC BỆNH

TỈ LỆ MẮC BỆNH TRƯỜNG HỢP 
TỬ VONG

• 67,4% có tiếp xúc trực tiếp với bệnh nhân
• 7.5% BN > 65 tuổi
• 89.8% có tối thiểu 1 bệnh đồng mắc
• Thời gian nằm viện trung vị: 4 ngày (3-9)
• 42,9% có suy hô hấp, 9% có ARDS

Kambhampati AK, O’Halloran AC, Whitaker M, et al. COVID-19–Associated Hospitalizations Among Health Care Personnel — COVID-NET, 13 States, March 1–May 31, 
2020. MMWR Morb Mortal Wkly Rep 2020;69:1576–1583
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Lây nhiễm COVID-19 trong NVYT

Tần suất mắc trung bình: 5,3%

Xét nghiệm đánh giá cho nhân 
viên y tế của University of 
Washington healthcare system

Trong các nhân viên y tế bị nhiễm
• Đa số (66%) là nhân viên y tế 

tuyến đầu (frontline)
• Một bộ phận nhân viên có các 

bệnh đồng mắc đi kèm
• Có cả NVYT mang thai

Mani, N. S., et al. (2020). "Prevalence of Coronavirus Disease 2019 Infection and Outcomes Among 
Symptomatic Healthcare Workers in Seattle, Washington." Clinical Infectious Diseases.
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Nhân viên 
ở khu vực nào 
sẽ dễ nhiễm bệnh

Jin, Y.-H., et al. (2020). "Perceived infection 
transmission routes, infection control practices, 
psychosocial changes, and management of COVID-19 
infected healthcare workers in a tertiary acute care 
hospital in Wuhan: a cross-sectional survey." Military 
Medical Research 7(1): 24.

Khoa có nguy cơ cao (HRD)
Khoa có nguy cơ thấp (LRD)

Khảo sát lây 
nhiễm trong nhân 
viên y tế tại một 
trung tâm y tế 
tuyến đầu
ở Vũ Hán
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Abstract

Background: In the 2003 Toronto SARS outbreak, SARS-CoV was transmitted in hospitals despite adherence to infection
control procedures. Considerable controversy resulted regarding which procedures and behaviours were associated with
the greatest risk of SARS-CoV transmission.

Methods: A retrospective cohort study was conducted to identify risk factors for transmission of SARS-CoV during
intubation from laboratory confirmed SARS patients to HCWs involved in their care. All SARS patients requiring intubation
during the Toronto outbreak were identified. All HCWs who provided care to intubated SARS patients during treatment or
transportation and who entered a patient room or had direct patient contact from 24 hours before to 4 hours after
intubation were eligible for this study. Data was collected on patients by chart review and on HCWs by interviewer-
administered questionnaire. Generalized estimating equation (GEE) logistic regression models and classification and
regression trees (CART) were used to identify risk factors for SARS transmission.

Results: 45 laboratory-confirmed intubated SARS patients were identified. Of the 697 HCWs involved in their care, 624 (90%)
participated in the study. SARS-CoV was transmitted to 26 HCWs from 7 patients; 21 HCWs were infected by 3 patients. In
multivariate GEE logistic regression models, presence in the room during fiberoptic intubation (OR = 2.79, p = .004) or ECG
(OR = 3.52, p = .002), unprotected eye contact with secretions (OR = 7.34, p = .001), patient APACHE II score $20 (OR = 17.05,
p = .009) and patient Pa02/Fi02 ratio #59 (OR = 8.65, p = .001) were associated with increased risk of transmission of SARS-
CoV. In CART analyses, the four covariates which explained the greatest amount of variation in SARS-CoV transmission were
covariates representing individual patients.

Conclusion: Close contact with the airway of severely ill patients and failure of infection control practices to prevent
exposure to respiratory secretions were associated with transmission of SARS-CoV. Rates of transmission of SARS-CoV varied
widely among patients.
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Introduction

On March 7, 2003, a son of Canada’s index SARS case was
admitted to a hospital in Toronto with a diagnosis of community-
acquired pneumonia. Because he and other family members were
not identified as infected with SARS CoV until March 13,

infection was transmitted to patients, volunteers, visitors and
health care workers in this community hospital, and subsequently
in other hospitals and the community throughout Greater Toronto
Area (GTA). Over the next three months, SARS-CoV would be
transmitted to 375 persons in Toronto, 271 (72%) of whom
acquired their infections in health care settings.[1–3] The

PLoS ONE | www.plosone.org 1 May 2010 | Volume 5 | Issue 5 | e10717

Mô hình hồi quy đa biến của khả năng lây truyền SARS từ người bệnh sang nhân viên y tế

Yếu tố OR KTC 95% p
Mắt/niêm mạc của NVYT tiếp xúc với dịch cơ 
thể 7.34 2.19 - 24.52 .001

APACHE II >= 20 17.05 3.20 – 90.75 .009
NVYT hiện diện lúc đo ECG 3.52 1.58 – 7.86 .002
NVYT hiện diện lúc đặt ống NKQ 2.79 1.40 – 5.58 .004
P/F của bệnh nhân <60 8.65 2.31 – 32.36 .001
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Care for Critically Ill Patients With COVID-19
Srinivas Murthy, MD, CM, MHSc; Charles D. Gomersall, MBBS; Robert A. Fowler, MD, CM, MSc

Initial reports suggest that COVID-19 is associated with severe dis-
ease that requires intensive care in approximately 5% of proven
infections.1 Given how common the disease is becoming, as in prior

major severe acute respiratory in-
fection outbreaks—SARS (se-
vere acute respiratory syn-

drome), MERS (Middle East respiratory syndrome), avian influenza
A(H7N9), and influenza A(H1N1)pdm09—critical care will be an inte-
gral component of the global response to this emerging infection.

The rapid increase in the number of cases of COVID-19 in Wuhan,
China, in late 2019 highlighted how quickly health systems can be chal-
lenged to provide adequate care.1 Case-fatality proportions were 7-fold
higher for patients in Hubei Province compared with those outside of
the region, 2.9% vs 0.4%, emphasizing the importance of health sys-
tem capacity in the care of patients who are critically ill with COVID-19.1

Thisarticlediscussesissuespertainingtoregionswherecriticalcare
units have the capacity to provide mechanical ventilation, acknowledg-
ing that this capacity does not exist in many regions and that capacity
could be exceeded in many places. This differential ability to manage
the disease will likely have a substantial influence on patient outcomes.

Factors Associated With Requiring Intensive Care
Appreciating typical clinical features and disease course are crucial both
to prepare for increasing numbers of patients and to determine how
to best treat infected persons. Patients who have required critical care
have tended to be older (median age ≈60 years), and 40% have had
comorbidconditions,commonlydiabetesandcardiacdisease.2 Children
generally have been observed to experience a milder illness, although
perinatal exposure may be associated with substantial risk. The small
numbers of pregnant women infected thus far have had a mild course,3

but limited cases make predictions about disease course uncertain;
however, severe illness in pregnant women was a major concern with
influenza A(H1N1)pdm2009. The median duration between onset of
symptoms and ICU admission has been 9 to 10 days, suggesting a
gradual deterioration in the majority of cases.4 The most documented
reasonforrequiringintensivecarehasbeenrespiratorysupport,ofwhich
two-thirds of patients have met criteria for acute respiratory distress
syndrome (ARDS).2

Differentiating From Other Diseases
Given the presence of a number of circulating respiratory viruses, dif-
ferentiating COVID-19 from other pathogens, particularly influenza, is
important and chiefly done using upper (nasopharyngeal) or lower
(induced sputum, endotracheal aspirates, bronchoalveolar lavage)
respiratory tract samples for reverse transcriptase–polymerase chain
reaction and bacterial cultures. There are suggestive but nonspecific ra-
diographic changes, such as ground-glass opacities on computed
tomography.2 Rapidaccesstodiagnostictestingresultsisapublichealth
and clinical priority, allowing for efficient patient triage and implemen-
tation of infection control practices.

Clinical Management and Outcomes
Management of severe COVID-19 is not different from manage-
ment of most viral pneumonia causing respiratory failure (Figure).

The principal feature of patients with severe disease is the devel-
opment of ARDS: a syndrome characterized by acute onset of hy-
poxemic respiratory failure with bilateral infiltrates. Evidence-
based treatment guidelines for ARDS should be followed, including
conservative fluid strategies for patients without shock following ini-
tial resuscitation, empirical early antibiotics for suspected bacterial
co-infection until a specific diagnosis is made, lung-protective ven-
tilation, prone positioning, and consideration of extracorporeal mem-
brane oxygenation for refractory hypoxemia.5

In settings with limited access to invasive ventilation or prior to pa-
tients developing severe hypoxemic respiratory failure, there may be
a role for high-flow nasal oxygen or noninvasive ventilation.6 How-
ever, the high gas flow of these 2 techniques is less contained than in
the closed circuitry typical of invasive ventilators, which poses the risk
of dispersion of aerosolized virus in the health care environment, such
as in the setting of a poorly fitting face mask. Determining the magni-
tude of this risk, and mitigation strategies, is a crucial knowledge gap.

Septic shock and specific organ dysfunction such as acute kidney
injuryappeartooccurinasignificantproportionofpatientswithCOVID-
19–related critical illness and are associated with increasing mortality,

Figure. Summary of Caring for Critically Ill Patients With COVID-19

Caring for critically ill patients with COVID-19 is based on the 
usual management of viral pneumonia with respiratory failure with additional 
precautions to reduce risk of transmission.

Many patients with severe COVID-19 develop acute respiratory distress 
syndrome (ARDS). Evidence-based guidelines for ARDS in the context 
of COVID-19 include treatments such as
• Conservative intravenous 
fluid strategies

• Empirical early antibiotics 
for possible bacterial pneumonia

• Consideration for early 
invasive ventilation

Usual critical care

• Lung-protective ventilation strategies
• Periodic prone positioning during 
mechanical ventilation

• Consideration of extracorporeal
membrane oxygenation

Antiviral or immunomodulatory therapies are not yet proven effective 
for treatment of COVID-19. Patients should be asked to participate 
in clinical trials of supportive or targeted therapies.

COVID-19–specific considerations

Facility planning

• Admission of patients with suspected disease to private rooms when possible
• Use of medical face masks for symptomatic patients during assessment 
and transfer

• Maintain distancing of at least 2 m between patients
• Caution when using high-flow nasal oxygen or noninvasive ventilation 
due to risk of dispersion of aerosolized virus in the health care environment
with poorly fitting masks

• Clinicians involved with aerosol-generating procedures should use additional
airborne precautions including N95 respirators and eye protection

• Ensure staff have updated training in infection prevention and control 
including personal protective equipment

• Planning at local and regional levels for a potential surge in the need 
for critical care resources

Modifications to usual critical care
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Một số thay đổi trong chăm sóc 
dành cho bệnh nhân COVID-19 
nặng:
• Đảm bảo khoảng cách giường bệnh
• Khẩu trang cho bệnh nhân
• Cẩn trọng trong các thủ thuật có 

tiềm năng sinh khí dung/lây nhiễm 
cao

• Sử dụng trang thiết bị phòng hộ cá 
nhân phù hợp

Murthy, S., et al. (2020). "Care for Critically Ill Patients With COVID-19." Jama 
323(15): 1499-1500.
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Khả năng lây nhiễm trong phòng bệnh

significant downwash that occurs behind the body has the effect
of laterally spreading the lower portions of the wake.59,60

Using large eddy simulation, Choi and Edwards55,61 found that
backward transport (opposite to the direction of walking) can also
occur because of downwash effects and tip vortex formation. Wake-
induced transport of material in the direction of the walking motion
continues because of inertial effects, even after the person stops.
When the walking effect is combined with hinged door opening,
the latter is the dominant transport mechanism, and human-
induced wake motion enhances compartment-to-compartment
transport. In addition, when isolation room air has a temperature
different from that of the corridor, the 2-way airflow effect at the
openings plays an important role in aerosol dispersal.62

The body thermal plume starts from the feet as a laminar flow
and grows in both its velocity and thickness upward along the
human body. It is important in the individual microenvironment
and inhalation.51-53 The plume becomes fully turbulent at the
middle chest level. It reaches a maximum velocity (0.2-0.3 m/s)
approximately 0.5 m above the head. The thickness of the plume
can reach 15 cm in the breathing zone, so airflow from the lower
part of the human body is drawn into the mouth during inhala-
tion, which makes up approximately two-thirds of total inhaled
air. The total air flux in the plume is in the 20-35 L/s range.63 The
rising thermal plume entrains and transports pollutants when the
pollution source is on the floor, leading to a higher concentration
in the microenvironment, particularly in the breathing zone of
the standing or seated person, more so than in the ambient
environment.64,65 When the cough of a source patient penetrates
the area around another person’s lower body, the thermal plume
can bring the fine droplet nuclei upward.

The thermal plume also can act as an air curtain to protect the
person from the penetration of airflow expired by other people.66

In displacement ventilation, the reduction in plume buoyancy caused
by stratification is substantial.63 In downward ventilation, the thermal
plume can be preserved at head height if it meets the downward
air at 0.25 m/s,50 which compromises the transport dominated by
the thermal plume. Many factors influence the thermal plume (eg,
gestures, clothing insulation, the blocking effect of a table, move-
ment of people).51,67,68 Whenwalking at a speed of >0.2m/s, the effect
of the thermal plume would give way to the human aerodynamic
wake.54 It is worth mentioning that plumes induced by other heat
sources also contribute to pollutant transport. In the smallpox out-
break inMeschede, Germany,69 a radiator in the index patient’s room
introduced an upward plume flow because of a partially open
window, resulting in the spread of smallpox.

Exposure of susceptible hosts to respiratory droplets

A susceptible host can be close to a patient (eg, during conver-
sation) or at a distance from a patient (eg, sharing the same
classroom) but sitting sufficiently far away.

For 2 people in close contact, exposure can be caused by the direct
spray route during which large droplets are deposited directly on
the mucous membranes of the susceptible host (large droplet route)
or by direct inhalation of fine droplets or droplet nuclei (airborne
route). The latter is referred to as the short-range airborne route
because exposure occurs when the 2 individuals are in close contact.
For both the large droplet route and the short-range airborne route,
expired droplets from the infected person can penetrate the thermal
plume of the susceptible host, reaching themucus or inhalation zone
of the susceptible individual (Fig 2).66

When the susceptible individual is sufficiently far from an in-
fected individual, direct inhalation of the contaminated room air
is referred to as the airborne route. The infection risk of the sus-
ceptible host caused by inhaled droplets depends on the quantity
of pathogen he or she carries and on the site at which the drop-
lets deposit within the respiratory tract. Inhaled particles can deposit
in different regions of the respiratory tract (eg, head airway region,
tracheobronchial region, pulmonary region). Deposition mecha-
nisms include inertial impaction (limited to large particles), settling
(most important in small airways), Brownian motion of
submicrometer particles, and interception.70 Recent studies on airflow
and particle transport in the human respiratory tract were re-
viewed by Kleinstreuer and Zhang.71 Airflows are complex in the
nasal cavities and oral airways; particles deposit largely at stagna-
tion points, disrupting axial particle motion. According to the
International Commission on Radiological Protection model72 for
adults engaged in light work, total deposition is dominated by de-
position in the head airways of particles >1 μm; the number of
particles >10 μm that can penetrate the head airways is negligible.

We define 3 major routes of droplet exposure (Fig 4): the direct
spray route, the long-range airborne route, and the fomite route,
which is not discussed here. The direct spray route can be divided
into 2 subroutes in terms of size and destination of the expiratory
droplets and droplet nuclei: the short-range airborne route (<10 μm)
and the droplet-borne route (>10 μm). This is basically in line with
the definitions from the U.S. Centers for Disease Control and
Prevention73; however, we distinguish the short-range and long-
range airborne routes.

The definition of the transmission route of a specific pathogen
also must account for its virulence and infectious dose, and differ-

Fig 3. Droplet transport in an isolation room by expired airflow, thermal plume51, door vortices (adapted with permission from Elsever57), human walking54, 2-way buoy-
ancy airflow, and ventilation airflow.

S105J. Wei, Y. Li / American Journal of Infection Control 44 (2016) S102-S108

Wei, J. and Y. Li (2016). "Airborne spread of infectious agents in the indoor environment." Am J Infect Control 44(9 Suppl): S102-108.
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PHƯƠNG TIỆN PHÒNG HỘ 
CÁ NHÂN (PPE)
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PHƯƠNG TIỆN PHÒNG HỘ CÁ NHÂN
• Personal Protective Equipments  (PPE)
• Bảo vệ NVYT trước nguy cơ lây nhiễm khi tiếp xúc với máu, dịch tiết 

và giọt hô hấp (giọt bắn hoặc khí dung aerosol) chứa các tác nhân gây 
bệnh truyền nhiễm khi tiếp xúc gần với NB. 

• Cũng được sử dụng để bảo vệ NB, người nhà NB, khách thăm không 
bị nhiễm các tác nhân gây bệnh (bao gồm cả SARS-CoV-2) từ NVYT 
và môi trường trong bệnh viện. 

• Việc mang phương tiện PHCN đúng theo hướng dẫn khi chăm sóc NB 
là một trong các biện pháp quan trọng nhất trong phòng ngừa lây 
nhiễm SARS-COV-2 cho NVYT, NB và cộng đồng.



KHOA HỒI SỨC CẤP CỨU – BỆNH VIỆN CHỢ RẪY

KHI NÀO SỬ DỤNG PPE ?
• “có tiếp xúc với NB hoặc mẫu bệnh phẩm, dụng cụ, đồ vải, chất thải, 

phương tiện chăm sóc, vận chuyển người nhiễm hoặc nghi ngờ nhiễm 
SARS-COV-2” – Bộ Y Tế

Để tối ưu sử dụng
• Thiết lập vùng Red-zone

• Là khu vực có khả năng nhiễm: có người bệnh, người nghi bệnh, mẫu bệnh 
phẩm,...

• Vùng đệm xung quanh red-zone
• Mặc PPE ở vùng đệm trước khi vào red-zone và tháo PPE ở vùng đệm trước 

khi ra khỏi red-zone
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• Bộ mũ quần áo: 2 loại Áo liền quần hoặc áo và 
quần rời

• Tạp dề chống thấm. 
• Khẩu trang y tế.
• Khẩu trang hiệu lực lọc cao (ví dụ N95).
• Kính bảo hộ hoặc tấm che mặt.Găng tay y tế.
• Mũ chụp tóc (loại trùm kín đầu và cổ).
• Bao giầy loại ống cao.
• Ủng cao su.

LOẠI PPE
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• Đặt khẩu trang phía dưới cằm, phần che mũi 
hướng lên trên.

• Kéo dây trên qua đầu và đặt vào vùng chẩm, 
dây trên tai. Kéo dây dưới qua đầu và đặt vào 
sau gáy, dưới tai. Lưu ý không để hai dây bắt 
chéo nhau ở sau đầu.

• Kiểm tra và chỉnh lại dây đeo nếu bị xoắn, vặn.
• Đặt đầu ngón tay trỏ của 2 tay tại đỉnh sống mũi, 

ấn chỉnh phần che mũi sao cho khẩu trang ôm khít 
mũi.

• Kiểm tra độ kín của khẩu trang

KỸ THUẬT MANG KHẨU TRANG N95
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• Tháo dây dưới bằng cách cầm 
vào phần dây sau đầu, sau đó 
tháo dây trên qua đầu, không để 
tay chạm vào khẩu trang khi 
tháo.

• Vệ sinh tay.

KỸ THUẬT THÁO KHẨU TRANG N95
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TRÌNH TỰ MẶC PPE
• Bước 1: Vệ sinh tay.
• Bước 2: Đi bốt/bao giầy trùm ngoài ống quần áo (bên trong).
• Bước 3: Mặc quần và áo choàng (mang tạp dề nếu có chỉ định)
• Bước 4: Mang khẩu trang (Khẩu trang y tế, hoặc N95 như hướng dẫn trên).
• Bước 5: Mang kính bảo hộ (đối với loại có gọng cài tai).
• Bước 6: Đội mũ trùm kín tóc, đầu, tai, dây đeo khẩu trang.
• Bước 7: Mang tấm che mặt hoặc kính bảo hộ (nếu là loại dây đeo ngoài 

mũ).
• Bước 8: Vệ sinh tay.
• Bước 9 : Mang găng theo chỉ định.
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• Bước 1: Tháo găng, khi tháo cuộn mặt trong găng ra ngoài, bỏ vào 
thùng đựng chất thải. (Nếu có mang tạp dề, phải VST mới tháo tạp 
dề, cởi dây dưới trước, dây trên sau, cuộn ngược mặt trong của tạp 
dề ra ngoài, bỏ vào thùng chất thải).

TRÌNH TỰ THÁO BỎ PPE
Loại quần, áo choàng và mũ trùm đầu rời
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• Bước 2: Vệ sinh tay.
• Bước 3: Tháo bỏ áo choàng, 

cuộn mặt trong của áo choàng ra 
ngoài và bỏ thùng đựng chất thải

• Bước 4: Vệ sinh tay.
• Bước 5: Tháo bỏ quần và bao 

giầy cùng lúc, trong quá trình cởi 
bỏ luôn cuốn mặt trong của quần 
ra ngoài, kết thúc bỏ vào thùng 
chất thải. 

• Bước 6: Vệ sinh tay.

• Bước 7: Tháo bỏ mũ trùm bằng 
cách luồn tay vào mặt trong mũ.

• Bước 8: Tháo kính bảo hộ (loại 
gọng và dây đeo bên trong mũ).

• Bước 9: Vệ sinh tay.
• Bước 10: Tháo khẩu trang (cầm 

vào phần dây đeo phía sau đầu 
hoặc sau tai).

• Bước 11: Vệ sinh tay.

TRÌNH TỰ THÁO BỎ PPE
Loại quần, áo choàng và mũ trùm đầu rời
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• Bước 1: Tháo găng. Khi tháo cuộn mặt trong 
găng ra ngoài, bỏ vào thùng đựng chất thải 
(Nếu có mang tạp dề, phải VST mới tháo tạp 
dề, cởi dây dưới trước, dây trên sau, cuộn 
ngược mặt trong của tạp dề ra ngoài, bỏ vào 
thùng chất thải).

• Bước 2: Vệ sinh tay.
• Bước 3: Tháo kính bảo hộ hoặc tấm che mặt 

(nếu loại dây thun đeo ngoài mũ trùm).
• Chú ý: Nếu kính có gọng đeo trong mũ thì sau 

khi tháo mũ mới tháo kính. 
• Bước 4: Vệ sinh tay

• Bước 5: Tháo bỏ mũ, áo, quần. Khi tháo để 
mặt trong của trang phục lộn ra ngoài và loại 
bỏ vào thùng gom chất thải.

• Bước 6: Vệ sinh tay.
• Bước 7: Tháo ủng hoặc bao giầy, lộn mặt trong 

ra ngoài và bỏ vào thùng chất thải. Nếu mang 
ủng, đặt ủng vào thùng có dung dịch khử 
khuẩn.

• Bước 8: Vệ sinh tay.
• Bước 9: Tháo khẩu trang (cầm vào phần dây 

đeo phía sau đầu hoặc sau tai). 
• Bước 10: Vệ sinh tay

TRÌNH TỰ THÁO BỎ PPE
Loại áo mũ liền quần
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VIDEO THAM KHẢO

LINK: https://youtu.be/mbZ7rvf2agk QUÉT MÃ QR ĐỂ XEM
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YÊU CẦU TRONG THỰC HÀNH
• Trang bị đầy đủ số lượng theo dự trù. Mang đủ và đúng PPE
• Đối với cấp cứu ca bệnh không xác định rõ dịch tễ hoặc nghi ngờ vẫn 

phải mang PPE đầy đủ
• Được đào tạo thuần thục
• Khi đã mặc PPE hạn chế điều chỉnh phương tiện. Nếu phát hiện không 

an toàn PPE, rời khỏi khu vực nhiễm ngay
• Không mang PPE đi từ khu vực này sang khu vực khác
• Thay găng khi chuyển từ chăm sóc người bệnh này sang chăm sóc 

người bệnh khác
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PHÒNG NGỪA LÂY NHIỄM 
TRONG THỦ THUẬT
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Khả năng sinh khí dung của các thủ thuật
Thủ thuật Nguy cơ lây nhiễm (Pooled estimate; I2)
Đặt nội khí quản 6.6 (2.3 – 18.9); 39.6%
Hút đàm trước đặt nội khí quản 3.5 (0.5 – 24.6); 59.2%
Hút đàm sau đặt nội khí quản 1.3 (0.5 – 3.4); 28.8%
Phun khí dung 0.9 (0.1 – 13.6); 73.1%
Cung cấp oxy qua mask 4.6 (0.6 – 32.5) 64.8%
Nội soi phế quản 1.9 (0.2 – 14.2); 0%
Thở máy không xâm lấn 3.1 (1.4 – 6.8); 0%
Đặt ống thông dạ dày 1.2 (0.4 – 4.0); 0%
Hồi sức tim phổi 1.4 (0.2 – 11.2); 27.3%
Khử rung 2.5 (0.1 – 43/9); 55.3%
Tập vật lý trị liệu 0.8 (0.2 – 3.2); 0%

Tran, K., et al. (2012). "Aerosol Generating Procedures and Risk of Transmission of Acute Respiratory Infections to Healthcare Workers: A Systematic Review." PLOS 
ONE 7(4): e35797.
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Các thủ thuật/công việc nào nguy cơ nhất

Jin, Y.-H., et al. (2020). "Perceived infection transmission routes, infection control practices, psychosocial changes, and management of COVID-19 infected healthcare workers in a tertiary acute care hospital in 
Wuhan: a cross-sectional survey." Military Medical Research 7(1): 24.
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Chăm sóc cho BN COVID-19 suy hô hấp

Cung cấp và chăm sóc các biện pháp hỗ trợ hô hấp 
có tiềm năng lây nhiễm cao

Review
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discharged. Underlying disease was an important 
determinant of survival: patients with congestive heart 
failure had better survival rates than did those with 
COPD, and these rates were much better than were those 
for patients with pneumonia or cancer.

Observational studies found that non-invasive ventilation 
can be eff ective in relieving respiratory distress in patients 
admitted to either a respiratory unit57 or a palliative care 
unit.16 Early data from an ongoing multicentre randomised 
study58 of non-invasive ventila tion versus oxygen 
supplementation showed that it relieves signs of 
respiratory distress for at least 6 h after initiation and 
patients needed less morphine than did controls given 
oxygen. Patients with congestive heart failure and COPD 
who have do-not-intubate orders respond well to 
non-invasive ventilation, but use for other diagnoses and 
palliation, although appealing, needs further study.59

Two randomised controlled studies60,61 assessed use of 
non-invasive ventilation during severe, non-life-threatening 
asthma attacks before development of acute respiratory 
failure. The fi rst study60 showed improved fl ow rates and 
reduced admissions with this technique compared with 
sham non-invasive ventilation. The second study61 reported 
similar conclusions with high infl ation pressures but not 
with low pressures or standard medical therapy. A trial can 
be considered for prevention of acute respiratory failure in 
patients with asthma who do not respond adequately to 
initial bronchodilator therapy. Whether this technique is 
eff ective for treatment of overt acute respiratory failure in 
patients with asthma is unknown.

A subset of patients—eg, those who are immuno-
compromised, have pneumonia and pulmonary fi brosis 
with a low ratio for arterial partial pressure of oxygen 
(PaO2) to fraction of inspired oxygen (FIO2), or have 
bleeding diatheses—are at high risk for developing 
respiratory failure during fi breoptic bronchoscopy. Two 
randomised trials showed that either CPAP alone62 or 
non-invasive ventilation62 given via a full face mask 
improved oxygenation, and in one study63 reduced 
postprocedure respiratory failure in patients with severe 
hypoxaemia. Similar fi ndings with the helmet were 
reported.64 Although evidence lends support to use of 
such ventilation during fi breoptic bronchoscopy to avoid 
intubation, close monitoring and ready availability of 
equipment for emergency intubation are necessary.

Use within intensive care units
By contrast with use of non-invasive ventilation on a 
ward, the closely monitored intensive-care setting allows 
safe application of this technique even in very sick 
patients. To manage such patients non-invasively, 
including those with COPD exacerbations with severe 
respiratory acidosis (ie, pH<7·30), staff  with much 
experience in this technique are needed, who are 
prepared to intubate promptly if goals are not met (ie, 
haemodynamic stability, adequate oxygenation, good 
cooperation).65,66 Delays in intubation of these patients 

runs the risk of unanticipated respiratory or cardiac 
arrest with attendant morbidity and mortality. Predictors 
of failure for non-invasive ventilation for hypercapnic 
respiratory failure are no improvement or a fall in pH, no 
change or a rise in breathing frequency after 1–2 h, 
high-acuity illness at admission (simplifi ed acute 
physiology score II >34), and lack of cooperation. 
Predictors for hypoxaemic respiratory failure are no or a 
minimum rise in the ratio of PaO2 to FIO2 after 1–2 h, 

Figure: Diff erent types of interfaces 
Images reproduced with permission from Hans-Rudolph (A), Respironics (B), Koo Medical Equipment (C), 
Fisher & Paykel Healthcare (D), ResMed (E), and Harol (F).
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So sánh một số dụng cụ cung cấp oxy

Li, J., et al. (2020). "High-flow nasal cannula for COVID-19 patients: low risk of bio-aerosol dispersion." The European respiratory journal 55(5): 2000892.

settling plates between the two oxygen devices at 1, 2 and 5 days of incubation [8]. These clinical results
confirm the in vitro smoke experiments.

In vitro and clinical studies have demonstrated that placing a simple surgical protection mask on patients
significantly reduces dispersion distance [9] and levels of virus-infected bio-aerosol 20 cm away from
patients while coughing [10]. Such a surgical mask can be worn by a patient oxygenated through a nasal
cannula (standard nasal cannula or HFNC) but not when using simple, non-rebreathing or Venturi
oxygen masks.

Taken together, compared to oxygen therapy with a mask, the utilisation of HFNC does not increase
either dispersion or microbiological contamination into the environment. The patient being able to wear a
surgical mask on top of HFNC, in order to reduce the aerosol transmission during coughing or sneezing,
represents an additional benefit.

However, given the high efficacy of HFNC to oxygenate the patients, closely monitoring the use of HFNC
for COVID-19 patients is crucial to avoid any delay in intubation. Monitoring respiratory rates and pulse
oximetry, and clinical examination, are essential.

In conclusion, massive numbers of clinicians have been infected during the COVID-19 outbreak, which
has raised concerns around implementing aerosol-generating procedures. Consequently, there appears to
be a trend to avoid HFNC. The scientific evidence of generation and dispersion of bio-aerosols via HFNC
summarised here shows a similar risk to standard oxygen masks. HFNC prongs with a surgical mask on
the patient’s face could thus be a reasonable practice that may benefit hypoxaemic COVID-19 patients and
avoid intubation.

Clinicians should consider moving away from the dogma restraining the use of HFNC among COVID-19
patients.
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TABLE 1 Summary of exhaled smoke dispersion distances with different oxygen devices

Oxygen device Flow rate L·min−1 Dispersion distance cm Ref.

HFNC 60 17.2±3.3 [6]
30 13.0±1.1 [6]
10 6.5±1.5 [6]

Simple mask 15 11.2±0.7 [7]
10 9.5±0.6 [7]

Non-rebreathing mask 10 24.6±2.2 [7]
Venturi mask at FIO2

0.4 6 39.7±1.6 [7]
Venturi mask at FIO2

0.35 6 27.2±1.1 [7]

Summary of studies evaluating oxygen delivery devices using a high-fidelity human simulator with smoke
particles of <1 µm (an aerosol of solid particles). The smoke was illuminated by a laser light-sheet and
high-definition video was used to measure dispersion distance away from the manikin. Indicated dispersion
distances give an idea of proximity of contaminated bio-aerosols, to which healthcare workers may be
directly exposed. HFNC: high-flow nasal cannula; FIO2

: inspiratory oxygen fraction.

https://doi.org/10.1183/13993003.00892-2020 2

CORRESPONDENCE

Chú ý khả năng sinh và phát tán khí dung tăng khi lưu lượng oxy càng cao !
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Mục Khuyến cáo

Liệu pháp oxy • Sử dụng oxy cannula và mang khẩu trang 
cho bệnh nhân

• Tránh sử dụng mask Ventủi
• Tránh sử dụng mask không thở lại trừ khi có 

bộ lọc khí

HFNC • Điều chỉnh cannula mũi vừa vặn, đúng vị trí
• Mang khẩu trang cho bệnh nhân đang thở 

oxy với HFNC

concentrations of aerosols/droplets were significantly re-
duced after placing a filter at the end of the mouthpiece
for nebulizers. Therefore, if aerosol therapy is indicated
for COVID-19 patients, SVN should be avoided unless
filtered, and inhalers including metered dose inhaler
(MDI) and dry power inhalers (DPIs) are preferred for
spontaneous breathing patients who can tolerate their
use without generating additional cough [61].
With MDI, a spacer with one-way valve is suggested

to reduce the need for coordination and to increase lung

deposition [62]. If patients are unable to use MDIs or
DPIs, or the required medication is only available in the
form of a solution, such as antibiotics, antivirals, muco-
kinetics, or prostanoids, nebulizers via mouthpiece with
a filter placed distal to the reservoir tubing (Fig. 3a and
b) should be utilized. For patients who cannot tolerate a
mouthpiece or require medication administered over a
prolonged period of time, such as continuous broncho-
dilator for asthmatic patients [63] or inhaled epoproste-
nol for patients with pulmonary hypertension or
hypoxemia [64, 65], in-line placement of a nebulizer
with HFNC setup is recommended. This setup has two
advantages: (1) more comfortable and better tolerated
when compared to a mask or mouthpiece [63] and (2) a
surgical mask to reduce the aerosol dispersion distance
or aerosol mass concentration can be placed on the pa-
tient [53, 56]. When HFNC is utilized to deliver aerosol
treatment, gas flow needs to be set relatively low if pos-
sible (10–20 L/min for adults and 0.25 L/kg/min for chil-
dren), to improve the aerosol delivery efficiency [66, 67]
and reduce the dispersion. Vibrating mesh nebulizers or
valved T-pieces for jet SVNs can reduce the need to
break the ventilator circuit when nebulization is pro-
vided during invasive ventilation.

Lung expansion and airway clearance therapy
Little evidence is available regarding lung expansion
therapy and nosocomial infection. Lung expansion ther-
apy is designed to treat and prevent pulmonary atelec-
tasis. Intermittent positive pressure breathing (IPPB)
utilizes short-term positive pressure ventilation via mask
or mouthpiece to promote lung expansion. Due to the
risk of causing a cough response that might disperse
bio-aerosols [21], IPPB should be used judiciously and
with filters placed between the breathing circuit and the
mask or mouthpiece.

Fig. 2 Wearing a surgical mask over high-flow high humidity
nasal cannula
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concentrations of aerosols/droplets were significantly re-
duced after placing a filter at the end of the mouthpiece
for nebulizers. Therefore, if aerosol therapy is indicated
for COVID-19 patients, SVN should be avoided unless
filtered, and inhalers including metered dose inhaler
(MDI) and dry power inhalers (DPIs) are preferred for
spontaneous breathing patients who can tolerate their
use without generating additional cough [61].
With MDI, a spacer with one-way valve is suggested

to reduce the need for coordination and to increase lung

deposition [62]. If patients are unable to use MDIs or
DPIs, or the required medication is only available in the
form of a solution, such as antibiotics, antivirals, muco-
kinetics, or prostanoids, nebulizers via mouthpiece with
a filter placed distal to the reservoir tubing (Fig. 3a and
b) should be utilized. For patients who cannot tolerate a
mouthpiece or require medication administered over a
prolonged period of time, such as continuous broncho-
dilator for asthmatic patients [63] or inhaled epoproste-
nol for patients with pulmonary hypertension or
hypoxemia [64, 65], in-line placement of a nebulizer
with HFNC setup is recommended. This setup has two
advantages: (1) more comfortable and better tolerated
when compared to a mask or mouthpiece [63] and (2) a
surgical mask to reduce the aerosol dispersion distance
or aerosol mass concentration can be placed on the pa-
tient [53, 56]. When HFNC is utilized to deliver aerosol
treatment, gas flow needs to be set relatively low if pos-
sible (10–20 L/min for adults and 0.25 L/kg/min for chil-
dren), to improve the aerosol delivery efficiency [66, 67]
and reduce the dispersion. Vibrating mesh nebulizers or
valved T-pieces for jet SVNs can reduce the need to
break the ventilator circuit when nebulization is pro-
vided during invasive ventilation.

Lung expansion and airway clearance therapy
Little evidence is available regarding lung expansion
therapy and nosocomial infection. Lung expansion ther-
apy is designed to treat and prevent pulmonary atelec-
tasis. Intermittent positive pressure breathing (IPPB)
utilizes short-term positive pressure ventilation via mask
or mouthpiece to promote lung expansion. Due to the
risk of causing a cough response that might disperse
bio-aerosols [21], IPPB should be used judiciously and
with filters placed between the breathing circuit and the
mask or mouthpiece.
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Figure 1. Set up for iEPO delivery via HFNC. iEPO, inhaled epoprostenol; HFNC, high-flow
nasal cannula.

2.3. Data Collection

Subjects’ demographic information including race, age, gender, medical history, and Acute
Physiologic Assessment and Chronic Health Evaluation (APACHE II) score at ICU admission was
collected. Heart rate, blood pressure, respiratory rate, SpO2, HFNC flow, and FIO2 were collected at
30–60 min before and 30–60 min after iEPO initiation.

The primary outcome was oxygenation improvement. Because of the retrospective nature, arterial
blood gases were not always available before and after initiation of iEPO, so SpO2/FIO2 was substituted
for PaO2/FIO2 to evaluate subjects’ oxygenation [21–23]. A subject was considered a responder to iEPO
if their SpO2/FIO2 increased by 20% or more. Secondary outcomes were the incidence of intubation,
complications including systemic hypotension, ICU stay, HFNC duration, duration of iEPO, and
ICU survival.

Vasopressors (included the type and dose) and extracorporeal membrane oxygenation (ECMO) (if
applicable) settings 30–60 min pre and post iEPO were also reviewed. If any change of the type and
dose on the vasopressors or ECMO setting was made, the change would be collected.

2.4. Statistical Analysis

The Kolmogorov–Smirnov statistic tests were used to test the normality of distribution for
considered variables. Continuous variables (pre and post iEPO) were expressed as mean (standard
deviation [SD]) or median (Inter-Quartile Range [IQR]) and compared with Wilcoxon sign rank test,
whereas di↵erences in categorical variables were assessed with the chi-square test. A p-value of <0.05
was considered to be statistically significant for all tests. Data analysis was conducted with SPSS
statistical software (SPSS 23.0 for windows; SPSS; Chicago, IL, USA).
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without producing aerosol leak from the ventilator (Fig. 3). We also suggest placing the HME 
filter proximal to the nebulizer T-piece, between the T-piece and the ventilator circuit (Fig. 4), 
thus enabling the use of the nebulizer without disconnecting the filter. The increase in dead 
space associated with this configuration is negligible (25 mL). One should make sure that the 
one-way valve is oriented correctly, enabling flow from the nebulizer cup into the T-piece and 
not vice versa. We have started using this method for inhalation therapy in our mechanically 
ventilated COVID-19 patients.

Fig. 3. Disconnection of the nebu-
lizer cup without producing aero-
sol leak. The ventilator screen is 
showing zero leak from the venti-
lator tubing (red circle) while the 
nebulizer cup is disconnected (ar-
row) and the one-way valve is in 
place.

Fig. 4. Proposed configuration. 
The HME filter is located proximal 
to the nebulizer T-piece. HME, 
heat and moisture exchanger.
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Fig. 1. Standard nebulizer config-
uration. The nebulizer is located 
between the ventilator and the 
HME on the inspiratory line. HME, 
heat and moisture exchanger.

Fig. 2. The one-way valve (arrow) 
in position in the T-piece (bot-
tom).
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Rationale
As there is no direct evidence on patients with COVID-
19, the panel used indirect evidence from the critically ill 
population to inform this recommendation. In an RCT 
comparing HFNC with conventional oxygen therapy in 
patients with acute hypoxic respiratory failure, HFNC 
resulted in reduced 90-day mortality (OR 0.42, 95% CI 
0.21–0.85), but did not reduce the risk of intubation [71]. 
A systematic review and meta-analysis of 9 RCTs (2093 
patients) showed that HFNC reduces intubation com-
pared with conventional oxygen (RR 0.85, 95% CI 0.74–
0.99), but does not affect the risk of death or ICU length 
of stay [72–74]. Even though the evidence on mortality 
and length of stay was not as strong, the reduction in the 
need for intubation is an important finding, particularly 
from the perspective of pandemics such as COVID-19, 
where resources such as critical care beds and ventila-
tors may become limited. In addition, in SARS, there are 
reports of increased transmission of disease to healthcare 
workers, especially nurses, during endotracheal intuba-
tion (OR 6.6, 95% Cl 2.3–18.9) [29, 75, 76]. Although this 
is a finding based mostly on retrospective observational 
studies, HFNC does not seem to confer an increased risk 
of transmission of disease. In studies evaluating bacte-
rial environmental contamination, HFNC presented a 
contamination risk similar to that of conventional oxy-
gen [77]. In SARS, healthcare workers exposed to HFNC 
were not at increased risk of developing disease [75]. 
Finally, patients may find HFNC more comfortable than, 
or at least as comfortable as, conventional oxygen therapy 
[71, 74]. Although some authors advised avoiding the use 
of HFNC in patients with COVID-19 due to the fear of 
disease transmission, studies supporting this advice are 
lacking [78]. Although some have proposed that patients 
wear face masks while on HFNC therapy, we are uncer-
tain about the efficacy and safety of this approach. #is 
question could be addressed in future studies.

Recommendation
26. In adults with COVID-19 and acute hypoxemic respiratory failure, 

we suggest using HFNC over NIPPV.
Weak recommendation, low-quality evidence.

Rationale
In adults with COVID-19 and acute respiratory failure, we 
suggest the use of HFNC over NIPPV. In an RCT com-
paring HFNC with NIPPV in patients with acute hypoxic 
respiratory failure, HFNC resulted in reduced mortal-
ity at 90  days (HR 2.50, 95% CI 1.31–4.78), but did not 

significantly affect the need for intubation (50% failure 
rate in NIPPV vs 47% in conventional oxygen and 40% in 
HFNC groups; p = 0.18) [71]. Another meta-analysis com-
paring HFNC with NIPPV showed HFNC to decrease the 
need for intubation of patients, yet without significantly 
reducing mortality or ICU length of stay [72]. Addition-
ally, patients may find HFNC more comfortable than 
NIPPV [71]. Given the evidence for a decreased risk of 
intubation with HFNC compared with NIPPV in acute 
hypoxemic respiratory failure, and studies suggesting that 
NIPPV may carry a greater risk of nosocomial infection 
of healthcare providers, we suggest HFNC over NIPPV. 
However, any patients receiving HFNC or NIPPV should 
be monitored closely and cared for in a setting where 
intubation can be facilitated in the event of decompensa-
tion, as the failure rate may be high and emergency intu-
bation in an uncontrolled setting may increase the risk of 
nosocomial infection of healthcare providers [79, 80].

Recommendation
27. In adults with COVID-19 and acute hypoxemic respiratory failure, 

if HFNC is not available and there is no urgent indication for endotra-
cheal intubation, we suggest a trial of NIPPV with close monitoring 
and short-interval assessment for worsening of respiratory failure.

Weak recommendation, low-quality evidence.

28. We were not able to make a recommendation regarding the use 
of helmet NIPPV compared with mask NIPPV. It is an option, but we are 
not certain about its safety or efficacy in COVID-19.

29. In adults with COVID-19 receiving NIPPV or HFNC, we recommend 
close monitoring for worsening of respiratory status, and early intuba-
tion in a controlled setting if worsening occurs.

 Best practice statement.

Rationale
In adults presenting with hypoxic respiratory failure 
from COVID-19, there is no direct evidence to support 
the use of NIPPV; furthermore, some prior studies sug-
gested that it may be associated with an increased risk 
of infection transmission to healthcare workers. Meta-
analyses of RCTs showed reductions in both intubation 
and mortality risks with NIPPV in hypoxic respiratory 
failure. However, these meta-analyses included studies 
focused on immunocompromised, acute cardiogenic pul-
monary edema, or post-operative patients; their findings 
may therefore be less applicable to COVID-19 patients, 
in whom acute hypoxemic respiratory failure and ARDS 
are more common presentations. [43, 81–83] In acute 
hypoxemic respiratory failure with an etiology other 
than cardiogenic pulmonary edema, NIPPV has a high 
failure rate. In one RCT, failure was reported in 49% of 
patients with hypoxic respiratory failure ventilated with 
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Recommendations
7. For intubated and mechanically ventilated adults with suspicion of 

COVID-19:

  7.1 For diagnostic testing, we suggest obtaining lower respiratory 
tract samples in preference to upper respiratory tract (nasopharyn-
geal or oropharyngeal) samples.

Weak recommendation, low-quality evidence.

  7.2 With regard to lower respiratory samples, we suggest obtaining 
endotracheal aspirates in preference to bronchial wash or bron-
choalveolar lavage samples.

Weak recommendation, low-quality evidence.

Rationale
COVID-19 diagnosis is based on RT-PCR testing of 
respiratory samples from nasopharyngeal and oro-
pharyngeal swabs, and of lower respiratory tract sam-
ples whenever possible. Bronchoalveolar lavage should 
be limited and performed only if indicated and with 
adequate precautions, due to the risk of aerosolization 
and consequent exposure of healthcare professionals. 
Similarly, sputum induction should be avoided due to 
increased risk of aerosolization. Tracheal aspirate speci-
mens appear to carry a lower risk of aerosolization, and 
can sometimes be obtained without disconnecting the 
patient from the ventilator.

!e procedures involved in laboratory RT-PCR test-
ing for SARS-CoV-2 using a number of assays currently 
in use are well described [35]. Despite the generally high 
sensitivity and specificity of RT-PCR-based assays [36], 
it may not be enough to rely on oropharyngeal swabs 
specimens alone for SARS-CoV-2 diagnosis due to their 
low negative predictive value. In a recent study, only 9 
out of 19 (47%) oropharyngeal swabs from COVID-19 
patients tested positive by RT-PCR [37]. Similar data 
were reported using RT-PCR during the 2002–2003 
SARS epidemic [38]. Using seroconversion as the “gold 
standard” for SARS diagnosis, RT-PCR assays performed 
on nasopharyngeal and throat specimens were positive 
only 65 and 70% of the time, respectively. However, no 
false positives were observed indicating assay specific-
ity of 100%. Similarly, in a study accounting for CT scan 

findings among suspected COVID-19 cases, 48% with 
negative oropharyngeal or nasal swabs were considered 
highly likely cases, and 33% were considered probable 
cases [39]. Consequently, a single negative swab from 
the upper airway does not rule out SARS-CoV-2 infec-
tion and repeated sampling from multiple sites, including 
the lower airway, will increase diagnostic yield. Similarly, 
given that coinfection with other viral pathogens has 
been observed, a positive test for another respiratory 
virus does not rule out COVID-19, and should not delay 
testing if there is a high suspicion of COVID-19 [40]. 
Given this high specificity, a single positive swab con-
firms the diagnosis of COVID-19 and is enough to trigger 
infection control precautions and appropriate treatment 
of the patient.

Lower respiratory tract specimens are considered to 
give a higher diagnostic yield than upper respiratory 
specimens in patients with pneumonia, consistent with 
what was observed for SARS [41], and should therefore 
be obtained whenever possible.

III. Supportive care
A. Hemodynamic support

Shock and cardiac injury in COVID-19 patients
!e reported prevalence of shock in adult patients with 
COVID-19 is highly variable (from 1 to 35%), depending 
on the patient population studied, the severity of illness, 
and the definition of shock. In a recent report summa-
rizing the epidemiological characteristics of 44,415 Chi-
nese patients with COVID-19, 2087 (5%) were diagnosed 
as critical cases, defined as severe hypoxemia and/or the 
presence of other organ failure, including shock [12]. In 
another Chinese study of 1099 patients with COVID-19 
with similar severity of illness, only 12 (1.1%) developed 
shock [1]. In hospitalized patients, the incidence is likely 
higher [42] (Table  3), and may reach 20–35% among 
patients in the ICU [42, 43].

Cardiac injury (elevation of cardiac injury biomark-
ers above the 99th percentile upper reference limit) has 

Table 3 Epidemiological characteristics in recent COVID-19 reports

CFR case fatality rate, ICU intensive care unit, NIPPV non-invasive positive pressure ventilation

Study n ICU admission 
(%)

Cardiac Injury 
(%)

Shock (%) NIPPV (%) Invasive MV (%) CFR (%)

Huang et al. [44] 41 32 12 7 24 5 15

Chen et al. [65] 99 23 – 4 13 4 11

Wang et al. [43] 138 26 7 9 11 12 –

Guan et al. [1] 1099 – – 1 5.1 2.3 1

Yang et al. [42] 52 100 23 35 55.8 42.3 62

Zhou et al. [45] 191 26 17 20 14 17 28
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Rationale
As there is no direct evidence on patients with COVID-
19, the panel used indirect evidence from the critically ill 
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patients with acute hypoxic respiratory failure, HFNC 
resulted in reduced 90-day mortality (OR 0.42, 95% CI 
0.21–0.85), but did not reduce the risk of intubation [71]. 
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of stay [72–74]. Even though the evidence on mortality 
and length of stay was not as strong, the reduction in the 
need for intubation is an important finding, particularly 
from the perspective of pandemics such as COVID-19, 
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tors may become limited. In addition, in SARS, there are 
reports of increased transmission of disease to healthcare 
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tion (OR 6.6, 95% Cl 2.3–18.9) [29, 75, 76]. Although this 
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studies, HFNC does not seem to confer an increased risk 
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contamination risk similar to that of conventional oxy-
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were not at increased risk of developing disease [75]. 
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of HFNC in patients with COVID-19 due to the fear of 
disease transmission, studies supporting this advice are 
lacking [78]. Although some have proposed that patients 
wear face masks while on HFNC therapy, we are uncer-
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26. In adults with COVID-19 and acute hypoxemic respiratory failure, 

we suggest using HFNC over NIPPV.
Weak recommendation, low-quality evidence.

Rationale
In adults with COVID-19 and acute respiratory failure, we 
suggest the use of HFNC over NIPPV. In an RCT com-
paring HFNC with NIPPV in patients with acute hypoxic 
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significantly affect the need for intubation (50% failure 
rate in NIPPV vs 47% in conventional oxygen and 40% in 
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paring HFNC with NIPPV showed HFNC to decrease the 
need for intubation of patients, yet without significantly 
reducing mortality or ICU length of stay [72]. Addition-
ally, patients may find HFNC more comfortable than 
NIPPV [71]. Given the evidence for a decreased risk of 
intubation with HFNC compared with NIPPV in acute 
hypoxemic respiratory failure, and studies suggesting that 
NIPPV may carry a greater risk of nosocomial infection 
of healthcare providers, we suggest HFNC over NIPPV. 
However, any patients receiving HFNC or NIPPV should 
be monitored closely and cared for in a setting where 
intubation can be facilitated in the event of decompensa-
tion, as the failure rate may be high and emergency intu-
bation in an uncontrolled setting may increase the risk of 
nosocomial infection of healthcare providers [79, 80].

Recommendation
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if HFNC is not available and there is no urgent indication for endotra-
cheal intubation, we suggest a trial of NIPPV with close monitoring 
and short-interval assessment for worsening of respiratory failure.

Weak recommendation, low-quality evidence.

28. We were not able to make a recommendation regarding the use 
of helmet NIPPV compared with mask NIPPV. It is an option, but we are 
not certain about its safety or efficacy in COVID-19.

29. In adults with COVID-19 receiving NIPPV or HFNC, we recommend 
close monitoring for worsening of respiratory status, and early intuba-
tion in a controlled setting if worsening occurs.

 Best practice statement.

Rationale
In adults presenting with hypoxic respiratory failure 
from COVID-19, there is no direct evidence to support 
the use of NIPPV; furthermore, some prior studies sug-
gested that it may be associated with an increased risk 
of infection transmission to healthcare workers. Meta-
analyses of RCTs showed reductions in both intubation 
and mortality risks with NIPPV in hypoxic respiratory 
failure. However, these meta-analyses included studies 
focused on immunocompromised, acute cardiogenic pul-
monary edema, or post-operative patients; their findings 
may therefore be less applicable to COVID-19 patients, 
in whom acute hypoxemic respiratory failure and ARDS 
are more common presentations. [43, 81–83] In acute 
hypoxemic respiratory failure with an etiology other 
than cardiogenic pulmonary edema, NIPPV has a high 
failure rate. In one RCT, failure was reported in 49% of 
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“…risk of aerosolisation depends on many variables, 
including duration of use, flow velocity, mask leakage and 
patient coughing and cooperation…”

Vẫn có vai trò của NIV 
trong điều trị suy hô hấp 
ở bệnh nhân COVID-19
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Letter to the Editor

The ‘‘helmet bundle” in COVID-19 patients undergoing non invasive
ventilation

Dear Editor,
The COVID-2019 outbreak represents a new challenge for intensive
care (ICU) nurses. In this epidemic, limiting the virus aerosolisation
during ICU procedures (e.g. intubation, bronchoscopy, non-inva-
sive ventilation) is one of the main challenges for critical care
nurses. More than 50% of the patients treated in China required
High Flow Nasal Cannula (HFNC) or Non-Invasive Ventilation
(NIV) (Guan et al., 2020). During the current pandemic, HFNC use
has been required for 11% of critically ill patients in Wuhan
(Guan et al., 2020). The high flow rates, however are likely to
increase virus aerosolisation.

Substantial exposure to exhaled air occurs within one metre
from patients receiving NIV via face-mask (Hui et al., 2009). Large
air leaks affect the efficacy of NIV and should be avoided, whereas
small air leaks can be compensated for by ventilators designed for
NIV and are usually tolerated.

Recently Cabrini and Colleagues (2020) suggest the use of the
helmet device for Continuous Airway Pressure (CPAP) and Pres-
sure Support Ventilation (PSV) to limit virus spread into the
ambient air. The number of available ICU beds during COVID-
2019 outbreak, is less than the total number of COVID-19
patients requiring NIV or CPAP. In order to prevent ICU admis-
sion, the use of helmets in general wards could be implemented
(Bellani et al., 2008).

The Helmet is a reusable single patient interface, made of a clear
plastic hood on a hard-plastic ring with a multi size silicon-polyvi-
nyl chloride soft collar, to fit a wide range of necks’ dimensions.
With this device, the patient’s exhalate can be filtered by applying
a high efficiency particulate (HEPA) filter at the helmet outlet.

During Helmet CPAP or NIV, ICU nurses should focus their
attention on the interventions that contribute to increase patient’s
comfort, to maximise the acceptability of the device (Lucchini
et al., 2010). The longer the treatment cycle, the lower the environ-
mental dispersion and the risk for healthcare providers. Key areas
for nursing when caring for patients with helmet treatment
include noise reduction, helmet anchorage and humidification of
the gas supply (i.e.: a ‘‘helmet bundle”).

The gas airflow generates turbulence and consequently noise.
We suggest the use of a Heat and Moisture Exchanger (HME) filter
on the helmet gas inspiratory limb. Basically, the inner filter mem-
brane works like an engine exhaust muffler, resulting in a signifi-
cant noise reduction inside the helmet (Lucchini et al., 2020).

The choice of fixing system to anchor the helmet during CPAP
significantly affects patient comfort, (Lucchini et al, 2019a). We
suggest to avoid armpit straps during helmet CPAP, as they can

cause pain and device-related pressure ulcers. On the contrary,
the counterweights system (Fig. 1) seems to be the best approach
to minimise the risks of pressure sores and pain during this
treatment.

In the absence of active humidification during high flow Hel-
met-CPAP, under-humidification will occur (Chiumello et al.,
2008; Lucchini et al., 2019b). The problem is more prevalent with
Venturi systems with a high inspiratory oxygen fraction and when
only medical gases are employed. The modern active heated
humidifiers, through NIV software, are able to deliver an absolute
humidity above 10 mgH2O/L. The use of an active humidifier set at
26 !C, with a temperature gradient increasing towards the patient
(+2!/28! at the helmet gas inlet port) improves absolute and rela-
tive humidity inside the helmet, while avoiding under-humidifica-
tion in healthy subjects. These settings provide a proportional
amount of water for the helmet inner temperature, due to a rising
of temperature inside the hosing line and a reduction in moisture
build-up before the helmet inlet. If an HME filter is used as noise
reduction system, it must be placed between the medical gas
source and the heater chamber inlet.

In conclusion, in patients who need non-invasive CPAP we sug-
gest the ‘‘the helmet CPAP bundle” (noise reduction, counter-
weights fixing system and heated wire tube with active
humidification), to improve patient’s comfort.

https://doi.org/10.1016/j.iccn.2020.102859
0964-3397/" 2020 Elsevier Ltd. All rights reserved.

Fig. 1. CPAP with counterweights system.
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Letter to the Editor

The ‘‘helmet bundle” in COVID-19 patients undergoing non invasive
ventilation

Dear Editor,
The COVID-2019 outbreak represents a new challenge for intensive
care (ICU) nurses. In this epidemic, limiting the virus aerosolisation
during ICU procedures (e.g. intubation, bronchoscopy, non-inva-
sive ventilation) is one of the main challenges for critical care
nurses. More than 50% of the patients treated in China required
High Flow Nasal Cannula (HFNC) or Non-Invasive Ventilation
(NIV) (Guan et al., 2020). During the current pandemic, HFNC use
has been required for 11% of critically ill patients in Wuhan
(Guan et al., 2020). The high flow rates, however are likely to
increase virus aerosolisation.

Substantial exposure to exhaled air occurs within one metre
from patients receiving NIV via face-mask (Hui et al., 2009). Large
air leaks affect the efficacy of NIV and should be avoided, whereas
small air leaks can be compensated for by ventilators designed for
NIV and are usually tolerated.

Recently Cabrini and Colleagues (2020) suggest the use of the
helmet device for Continuous Airway Pressure (CPAP) and Pres-
sure Support Ventilation (PSV) to limit virus spread into the
ambient air. The number of available ICU beds during COVID-
2019 outbreak, is less than the total number of COVID-19
patients requiring NIV or CPAP. In order to prevent ICU admis-
sion, the use of helmets in general wards could be implemented
(Bellani et al., 2008).

The Helmet is a reusable single patient interface, made of a clear
plastic hood on a hard-plastic ring with a multi size silicon-polyvi-
nyl chloride soft collar, to fit a wide range of necks’ dimensions.
With this device, the patient’s exhalate can be filtered by applying
a high efficiency particulate (HEPA) filter at the helmet outlet.

During Helmet CPAP or NIV, ICU nurses should focus their
attention on the interventions that contribute to increase patient’s
comfort, to maximise the acceptability of the device (Lucchini
et al., 2010). The longer the treatment cycle, the lower the environ-
mental dispersion and the risk for healthcare providers. Key areas
for nursing when caring for patients with helmet treatment
include noise reduction, helmet anchorage and humidification of
the gas supply (i.e.: a ‘‘helmet bundle”).

The gas airflow generates turbulence and consequently noise.
We suggest the use of a Heat and Moisture Exchanger (HME) filter
on the helmet gas inspiratory limb. Basically, the inner filter mem-
brane works like an engine exhaust muffler, resulting in a signifi-
cant noise reduction inside the helmet (Lucchini et al., 2020).

The choice of fixing system to anchor the helmet during CPAP
significantly affects patient comfort, (Lucchini et al, 2019a). We
suggest to avoid armpit straps during helmet CPAP, as they can

cause pain and device-related pressure ulcers. On the contrary,
the counterweights system (Fig. 1) seems to be the best approach
to minimise the risks of pressure sores and pain during this
treatment.

In the absence of active humidification during high flow Hel-
met-CPAP, under-humidification will occur (Chiumello et al.,
2008; Lucchini et al., 2019b). The problem is more prevalent with
Venturi systems with a high inspiratory oxygen fraction and when
only medical gases are employed. The modern active heated
humidifiers, through NIV software, are able to deliver an absolute
humidity above 10 mgH2O/L. The use of an active humidifier set at
26 !C, with a temperature gradient increasing towards the patient
(+2!/28! at the helmet gas inlet port) improves absolute and rela-
tive humidity inside the helmet, while avoiding under-humidifica-
tion in healthy subjects. These settings provide a proportional
amount of water for the helmet inner temperature, due to a rising
of temperature inside the hosing line and a reduction in moisture
build-up before the helmet inlet. If an HME filter is used as noise
reduction system, it must be placed between the medical gas
source and the heater chamber inlet.

In conclusion, in patients who need non-invasive CPAP we sug-
gest the ‘‘the helmet CPAP bundle” (noise reduction, counter-
weights fixing system and heated wire tube with active
humidification), to improve patient’s comfort.
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Fig. 1. CPAP with counterweights system.
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• Mặc dù không có bằng chứng đủ 
mạnh để đảm bảo an toàn hơn mặt 
nạ, sử dụng NIV dạng mũ bảo hiểm 
cả đầu vẫn được ưa chuộng hơn 
khi sử dụng cho bệnh nhân COVID-
19

• Chú ý lắp HEPA filter ở đường khí 
ra

Lucchini A, Giani M, Isgrò S, Rona R, Foti G. The "helmet bundle" in COVID-19 patients undergoing non invasive ventilation. Intensive Crit Care Nurs. 2020;58:102859
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In order to assess the satisfaction of the medical staff in the coronavirus unit with the system, we asked
nine physicians and nurses to fill a short six-question questionnaire. The overall impression score of the
system was 9.1 (out of 10).

In summary, this innovative negative pressure canopy allows us to administer NIV, CPAP or HFNC to
patients with moderate to severe lung injury due to severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) infection, with minimal risk to healthcare workers. The system has been installed in the
coronavirus unit of the Lady Davis Carmel Medical Center, Haifa, Israel.

Yochai Adir1,2, Ori Segol1,2, Dmitry Kompaniets1,2, Hadas Ziso3, Yechiam Yaffe4, Irina Bergman1,2, Erez Hassidov3

and Arieh Eden1,2
1Lady Davis Carmel Medical Center, Pulmonary Division, Haifa, Israel. 2The Faculty of Medicine, Technion Institute of
Technology, Haifa, Israel. 3Tamar Robotic LTD, Yagur, Israel. 4Yafit Safety & Environment, Mevasseret Zion, Israel.

Correspondence: Yochai Adir, Lady Davis Carmel Medical Center, Pulmonary Division, 7 Micahl St, Haifa, 3436212,
Israel. E-mail: adir-sh@zahav.net.il

Received: 4 April 2020 | Accepted after revision: 9 April 2020

Conflict of interest: Y. Adir received personal fees for lecturing and/or consulting from Actelion, Boehringer Ingelheim,
Teva, Bayer, GSK, Roche, Novartis, AstraZeneca, Kamada and UT Pharmaceuticals, and research grants from Actelion,
Bayer, Boehringer Ingelheim and GSK. O. Segol has nothing to disclose. D. Kompaniets has nothing to disclose. H. Ziso
reports that the Israeli innovation authority have granted funds to Tamar Robotics Ltd, such funds along with the funds
allocated by our investors were used to develop the system presented in this paper; H. Ziso has a US Provisional Patent
Application number 63/001,562, Israel Patent Application number 273616, entitled: “Portable Patient Hood System For
Protection Of Medical Staff And Others From Infectious Disease Transmission” pending, and a US Provisional Patent
Application number 62/994,614 entitled: “Portable Patient Hood System For Protection Of Medical Staff And Others
From Infectious Disease Transmission” pending; and would like to state that: 1) the author is an employee of Tamar
Robotics Ltd, that developed the system presented in the paper as a VP of R&D; 2) the author is co-founder of Tamar
Robotics Ltd and has holdings in the company (less than 6%); 3) Tamar Niv Breathing Solutions Ltd may sell this
product in the future and the author will be receiving dividend or royalties if such sales are made in the future. Y. Yaffe
has nothing to disclose. I. Bergman has nothing to disclose. E. Hassidov reports that the Israeli innovation authority
have granted funds to Tamar Robotics Ltd, such funds along with funds allocated by our investors were used to develop
the system presented in this paper; E. Hassidov has a US Provisional Patent Application number 63/001,562, Israel
Patent Application number 273616, entitled: “Portable Patient Hood System For Protection Of Medical Staff And
Others From Infectious Disease Transmission” pending, and a US Provisional Patent Application number 62/994,614

FIGURE 1 The constant flow canopy system.
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COVID-19: minimising risk to healthcare
workers during aerosol-producing
respiratory therapy using an innovative
constant flow canopy

To the Editor:

Noninvasive ventilation (NIV), continuous positive airway pressure (CPAP) and high-flow nasal cannula
(HFNC) can be used as the first line of treatment in coronavirus disease 2019 (COVID-19) patients with
respiratory failure, postponing and maybe even avoiding the need for intubation and mechanical
ventilation [1]. Recent systematic review and meta-analysis demonstrated that HFNC reduces the need for
intubation compared with conventional oxygen, with no change in the death risk or length of stay in the
intensive care unit [2, 3]. No direct evidence supports the use of NIV, due to a high failure rate [4].
However, when resources become limited, with no option of invasive ventilation, the use of NIV may be
justified. The major caveat of using noninvasive respiratory support in the face of the COVID-19
pandemic is the generation of aerosols, composed of small virus-containing particles, which may remain
suspended in the air, with increased risk for healthcare workers [5, 6]. The risk of aerosolisation depends
on many variables, including duration of use, flow velocity, mask leakage and patient coughing and
cooperation.

In the current crisis, with a limited number of ventilators and of negative pressure facilities, we developed
a novel way to reduce, and even eliminate, this exposure to potentially dangerous aerosols by using a
constant flow canopy over the upper part of the patient bed, thus creating a confined area surrounding the
patient in which noninvasive respiratory support can be safely used (figure 1).

The system is composed of the following three parts. 1) A flexible plastic canopy that covers the upper
part of the patient body. 2) A fan filtering unit composed of a pre-filler in the air inlet, an electrical fan,
and a high-efficiency particulate air (HEPA) filter in the air outlet (identical to those installed in biological
cabinets). The filtering system is manufactured by ULPA Cleanrooms & Laboratories Ltd, Haifa, Israel.
3) An exhaust system (electrical fan) creating negative pressure and transferring the filtered air out to the
open atmosphere. Each filtering unit can support up to four patients in parallel.

The polyethylene canopy serves as physical barrier between the healthcare worker and the patient. The
canopy should ensure maximum enclosure of the patient’s upper body; however, a gap of 5–7 cm between
the patient’s body and the canopy is designed to enable safe treatment. The system enables rapid access in
case of an emergency, from either the direction of the chest or head, enabling rapid intubation or
cardiopulmonary resuscitation.

The unit was evaluated by two techniques. 1) Face velocity and smoke direction: speed (m·s−1) of air
flowing perpendicular to the hood’s opening inside the enclosure, and smoke flow in the direction of the
enclosure back part (according to US ASE/ASHRAE Standard 110). 2) Integrity test of the HEPA filtering
unit, using photometry, to measure leakage of particles (0.3–0.5 um in size) through the filters (according
to EN 12469 European Standard for Microbiological Safety Cabinets).

The results of our evaluation demonstrated that the average air flow velocity was 4.4 m·s−1 and the smoke
clearly flows very fast into the back side of the canopy. The integrity results measured 0.0006% particles
(maximum standard requirement 0.01%).

@ERSpublications
An innovative constant flow canopy enables noninvasive respiratory support with minimal risk of
healthcare worker infection https://bit.ly/3eqgoVZ

Cite this article as: Adir Y, Segol O, Kompaniets D, et al. COVID-19: minimising risk to healthcare
workers during aerosol-producing respiratory therapy using an innovative constant flow canopy. Eur
Respir J 2020; 55: 2001017 [https://doi.org/10.1183/13993003.01017-2020].

https://doi.org/10.1183/13993003.01017-2020 Eur Respir J 2020; 55: 2001017

| | AGORA
RESEARCH LETTER

Hệ thống gồm 3 bộ phận:

1. 1 buồng bằng nhựa/nylon kín che phủ 

được nửa trên cơ thể người bệnh 

2. Hệ thống quạt lọc khí, bao gồm 1 tấm lọc 

khí vào, quạt điện và 1 HEPA filter sau quạt

3. Hệ thống thải khí ra môi trường ngoài, 

dùng quạt tạo áp lực âm hút khí đã được 

lọc ra ngoài
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Đặt nội khí quản
Principles of corona virus disease 2019 

airway management.

Cook, T. M., et al. (2020). "Consensus guidelines for managing the airway in patients with COVID-19: Guidelines from the Difficult Airway Society, the Association of 
Anaesthetists the Intensive Care Society, the Faculty of Intensive Care Medicine and the Royal College of Anaesthetists." Anaesthesia 75(6): 785-799.

An toàn

Chính xác

Mượt mà
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Các điểm lưu ý trong thực hành đặt NKQ

Cook, T. M., et al. (2020). "Consensus guidelines for managing the airway in patients with COVID-19: Guidelines from the Difficult Airway Society, the Association of 
Anaesthetists the Intensive Care Society, the Faculty of Intensive Care Medicine and the Royal College of Anaesthetists." Anaesthesia 75(6): 785-799.
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• Ưu điểm:
• Chống được giọt bắn trong đặt 

NKQ một cách hiệu quả
• Nhược

• Chưa có nghiên cứu đánh giá hiệu 
quả giảm lây nhiễm

• Giảm khả năng quan sát
• Cần được huấn luyện tốt, phối hợp 

nhịp nhàng giữa các thành viên

Biện pháp chống giọt bắn

Kaur, R., et al. (2020). "Practical strategies to reduce nosocomial transmission to 
healthcare professionals providing respiratory care to patients with COVID-19." 
Critical Care 24: 571.



KHOA HỒI SỨC CẤP CỨU – BỆNH VIỆN CHỢ RẪY

Thao tác trên ống nội khí quản

Khi thao tác ngắt dây máy thở khỏi ống nội khí quản
• Sử dụng Clamp giúp duy trì PEEP lẫn hạn chế thể tích khí thoát ra (giảm lây nhiễm)
• Clamp ECMO có hiệu quả tốt nhất
• Thời gian gián đoạn tốt nhất nên dưới 5 giây

Turbil, E., et al. (2020). "Does endo-tracheal tube clamping prevent air leaks and maintain positive end-expiratory pressure during the switching of a ventilator in a patient 
in an intensive care unit? A bench study." PLOS ONE 15(3): e0230147.
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• Bệnh nhân COVID-19 có một số 
tình huống cần vận chuyển nội 
viện lẫn ngoại viện

• An toàn cho người bệnh: có máy 
thở di động

• Nhớ thao tác khi chuyển máy thở 
cần kẹp ống nội khí quản

• Gắn HEPA filter vào đường khí ra 
– nên nhớ 

Vận chuyển người bệnh COVID-19 thở máy
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• HEPA filter + hút đàm kín
• Hút đàm và dịch tiết cho bệnh nhân an 

toàn
• HEPA filter giúp giữ kín đường thở, 

tránh phát tán

• Filter HEPA dễ bị tắc do dịch tiết, ẩm 
=> cần kiểm tra thường xuyên

• HME filter có thể giúp giữ ẩm

Tập thở cho bệnh nhân COVID-19
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Rút nội khí quản: nguy cơ cao

Matava, C. T., et al. (2020). "Clear plastic drapes may be effective at limiting aerosolization and droplet spray during extubation: implications for COVID-19." Canadian 
journal of anaesthesia = Journal canadien d'anesthesie 67(7): 902-904.
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CPR cho bệnh nhân COVID-19

• ILCOR:  We suggest that chest compressions and cardiopulmonary resuscitation 
have the potential to generate aerosols (weak recommendation, very low certainty 
evidence).

Khí dung/dịch tiết từ 
đường thở

Dịch tiết vấy trên cơ thể 
bệnh nhân trước đó
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Giảm nguy cơ phơi nhiễm COVID-19 cho người cứu hộ

Ưu tiên các chiến lược thông khí và oxy hóa máu với nguy cơ sinh khí 
dung thấp

Xem xét tính hợp lý của việc bắt đầu hay kết thúc CPR
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Giảm nguy cơ phơi nhiễm COVID-19 
khi thực hiện CPR

• Don PPE trước khi vào phòng/tiến 
vào hiện trường

• Cảnh báo các thành viên sẽ tham 
gia hồi sức tim phổi

• Giới hạn số lượng thành viên tham 
gia – tối thiểu có thể

• Xem xét sử dụng máy ấn tim
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Bóng mask gắn thêm HEPA filter
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Tóm lại
• Tuân thủ việc mặc và tháo PPE
• Hạn chế số nhân viên tham gia vào các thủ thuật
• Người làm thủ thuật có kĩ năng tốt, đảm bảo tỉ lệ thành công cao
• Sử dụng HFNC có nguy cơ thấp, NIV vẫn có thể được xem xét
• Luôn giữ đường thở kín khi đã có NKQ/ mở khí quản
• Quả lọc HEPA
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XIN CẢM ƠN


