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ABSTRACT

The objective of this analysis was to explore the research hotspot of coronavirus disease 2019 (COVID-19) mechanical ventila-
tion. The literature related to COVID-19 mechanical ventilation on PubMed and CNKI database of core journals was retrieved
with the keyword of COVID-19 mechanical ventilation. The visualisation software of VOS (visualisation of similarities) viewer
performed by the authors and high-frequency keywords. A total of 524 English language articles from PubMed and 81 Chinese
literature from China National Knowledge Infrastructure (CNKI) of core journals are included in this paper. The two databases
produced six research fields, among which much attention was paid to the prevention of nosocomial infection and antiviral
agents in the treatment of mechanical ventilation. The literature yeilded by PubMed paid attention to the factors affecting the
poor prognosis of mechanically ventilated patients, the management and research and development of medical data during
COVID-19's pandemic, the mechanical ventilation treatment of COVID-19 pregnant women, the mechanical ventilation treat-
ment and nursing in the field of CNKI literature research, and the nutritional treatment of severe pneumonia patients with
mechanical ventilation. The current COVID-19 researches, focused on the prevention of nosocomial infection and antiviral drugs
in the process of mechanical ventilation, are a new hotspot in the world.
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INTRODUCTION Since the outbreak of the epidemic, researches on COVID-19
have been increasing. At present, some researches have anal-
ysed COVID-19 related literatures,®® but articles about
COVID-19 mechanical ventilation have not been published. The
unified global guidelines for the management of mechanical
ventilation need to be continuously updated. Consequently,
there is an urgent need to analyse the current situation and
research direction of mechanical ventilation treatment of
COVID-19 patients,’ in order to provide ideas for global
COVID-19 mechanical ventilation research.

Since December 2019, a global outbreak of virus infection has
spread all overthe world. The disease caused by this virus infec-
tion is called coronavirus disease 2019 (COVID-19)." The
number of infected cases is increasing rapidly as well as the
deaths. More than 4.3 million people worldwide have been
infected, with a cumulative global death toll of more than
290,000 and a global mortality rate of 6.85%.> COVID-19 has
broughtaheavy burdentothe world because of its severe respi-
ratory failure. Among the infected, 3% of patients will develop

into severe cases, and the proportion of critical COVID-19 METHODOLOGY
patients receiving endotracheal intubation varies between
16.75-57%, requiring invasive mechanical ventilation.>® Chinese (China National Knowledge Infrastructure: CNKI) and

English (PubMed) databases were searched to obtain relevant
periodical literatures. Firstly, we collected data from the CNKI
database by using advanced search types, with title and
subject as search items, and we limited our search to the
following keywords, such as coronavirus disease 2019
(COVID-19), COVID-19, COVID19, SARS-COV-2, NCP (novel

VOSviewer is a visualisation software developed by Dr. Jie Li's
team. It not only assists in the analysis of essential knowledge,
butalso helpsforfocusing on hotspotsinscientificresearch.
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ment, and corresponding sub-subject words. The time range of
literature retrieval started from January 1, 2020, till May 15,
2020. All documents in the CNKI database contained English
abstracts.

VOSviewer software is a bibliometrics visualisation software,
developed in Java language. Its main functions are scientific
research network co-author analysis, subject analysis, and
domain contribution analysis. VOSviewer software was used to
build keyword network analysis view and author network anal-
ysis view, the larger the node, the higher the frequency; the
morethe number of connected nodes, the morereliable wasthe
keyword or topic connection. Then the research hotspots of the
authorandkeywordswere analysed, respectively.

RESULTS

From2020-01t02020-05, atotal of 570 PubMed articles metthe
above search criteria, while 524 articles were included after
excluding the 92 duplicate articles. A total of 141 CNKI articles
met the above search criteria, among which we removed 21
inappropriate Englisharticles, fiveunauthoredarticles, sixunre-
lated articles and 28 articles that published in other languages;
andtherestof8larticleswereincludedforanalysis.

PubMed and CNKI generate 1,112 and 159 keywords, respec-
tively. We combined the keywords with the same meaning to get
the keyword co-occurrence frequency table and the top 16
keywords in the two databases (Table 1). Manuscripts from both
PubMed and CNKI were concerned with the personal protection of
viral epidemics, mechanical ventilation, and severe pneumonia.
Publications from PubMed also paid attention to elderly COVID-19
patients, while CNKI paid attention to extracorporeal life-support
care, suchasextracorporealmembrane oxygenation.

Among the literature related to COVID-19 mechanical ventila-
tionincluded in PUBMED database, there were 1,112 keywords
and 82 high-frequency keywords with a frequency of more than
five times, which was considered a new research hotspotin the
past five months. Moreover, six clusters identified by cluster
analysis (Tablell, Figure 1). Thefirst type was red, which mainly
studied the effect of aerosol generated by endotracheal intuba-
tionortracheotomy ontheinfection of medical staffintheinten-
sive care unit. Researchers developed practical guidelines for
the prevention and control of viral infections in surgical anesth-
esia, airwmay management, and personal protection. The second
category was green, which mainly studied the influencing
factors of treatment outcome and prognosis of elderly patients
with COVID-19, and discusses the risk factors that affect prog-
nosis. The third and sixth clusters were purple and yellow,
respectively. Themainresearch contentsincluded the manage-
ment and allocation of medical resources (medical masks, N95
masks, ventilators), during public health emergencies and
pandemics. The fourth group mainly studied the antiviral treat-
ment of acute respiratory distress syndrome caused by viral
pneumonia. The fifth group mainly studied the treatment of
hypopnea in severe pregnant women and postpartum treat-
mentofnewborns.

Amongtheliteraturesrelatedto COVID-19 airway management
included in the CNKI database, 159 keywords were generated,
of which 39 appeared more than twice, which is a research
hotspot in this field. Nine clusters were determined by cluster
analysis of the first 39 keywords (Figure 2). Among the first six
clusters, thefirst clusterwasred, and the main contentis to find
the best evidence of infection protection measures for
newborns and children through systematic evaluation. The
second group was the green group, which mainly studies the
nutritional treatment of mechanically ventilated severe pneu-
monia patients with different clinical characteristics. The third
group's theme repeated with the sixth group, which were blue
and purple, respectively, and mainly discussed the mechanical
ventilation oxygen therapy for critically ill patients. The fourth
group was yellow, which studied the infection prevention
measures and drug treatment of medical staff during mechan-
ical ventilation treatment. The fifth group mainly discussed the
nursing care of intensive care patients using extracorporeal
lung membrane oxygenation and other extracorporeal life
support.

PubMed produced a total of 3,108 authors, and the author co-ci-
tation analysis is visualised in Figure 3. Twelve teams were
foundinthis figure, and in some teams more than two members
wereincluded. Amongthem, Carratalperales and Jose Manuelis
the largest team with a maximum output of 2 articles, followed
by Akkanti, Bindu, and Mariann team with a maximum output of
3articles.

CNKIproduced atotal of 607 authors. There were six teams with
more than two authors. Of which, Jianying Zhou's team was the
largest and one of the most prolific teams, followed by Xin Liu's
side, the highest author output is 2, the third is Zhang Wei's
team, andtheauthor's highestoutputisthreearticles.

DISCUSSION

Severe COVID-19 patients rapidly develop into acute respira-
tory distress syndrome. Active clinical treatment aims to
improve hypoxemia and reduce complications and mortality. At
present, severe COVID-19 acute respiratory distress syndrome
is mainly treated by endotracheal intubation, tracheostomy,
non-invasive, or invasive positive pressure mechanical ventila-
tion, and 5% of patients need extracorporeal membrane oxyge-
nation. With the continuous improvement of the understanding
of COVID-19 and severe COVID-19, the research on COVID-19
airway managementis increasing, soitis necessary to system-
aticallyanalyseits knowledge structure and research topics.

The theme of the first group of PubMed was similar to that of the
fourth group of CNKI to study the prevention and treatment of
secretion infection caused by mechanical ventilation in criti-
cally ill COVID-19 patients. The main research of its object was
aerosol. Aerosols may be generated by endotrachealintubation
or mechanical ventilation, so protective measures should be
taken, and quantitative inhalation therapy should be used
insteadofatomisationtherapy, becausepositive pressureventi-
lation may increase therisk ofinfectionin medical workers.”*!
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Table I: PubMed and CNKI keywords frequency table.

PubMed CNKI

Ranking Keywords Frequency Keywords Frequency
1 COVID-19 343 COVID-19 72
2 Pandemic 136 ECMO 16
3 Pneumonia, Viral 125 ARDS 8
4 Human 124 Critical illness 8
5 Beta-coronavirus 104 Mechanical ventilation 7
6 Coronavirus 87 Nursing 7
7 Mechanical ventilation 39 Respiratory therapy technology 7
8 PPE 36 Tracheal intubation 7
9 Male 31 High-flow nasal cannula oxygen therapy 5
10 China 27 Protection measure 5
11 Intensive care 27 Tracheotomy 4
12 Female 26 Clinical characteristics 3
13 Infection control 26 Epidemiology 3
14 Middle-aged 26 Infection control 3
15 Tracheostomy 26 Intensive care 3
16 Adult 25 Pneumonia 3

COVID-19: Coronavirus Disease 2019; ECMO: Extracorporeal membranous oxygenation; ARDS: Acute respiratory distress syndrome; PPE: Personal protective equipment.

Table II: PubMed and CNKI keywords clustering table.

PubMed CNKI
Cluster | No. of No. of
frequency Keywords frequency Keywords
COVID-19, coronaviru, personal protective equipment (PPE),
1, 6,8,13,15,17, | infection control, tracheostomy, airway management, ARDS, . .
20, 21, 22, 28, 37, | tracheal intubation infection disease transmission, patient-to- 11, 16, 17, Zga]rzzzc\)/ti??%esvnbeourpon:séecc'l:l?é measure
1 39, 43, 45, 47,51, | professional, respiratory insufficiency, aerosols, intubation, 18, 26, 33, ! orn, p ¢
; A ) . ) severe acute respiratory syndrome (ARDS),
58, 60, 62, 66, 69, | tracheotomy, airway, coronavirus infection, safety, infection, 34, 36 . -
7 ) . f systematic review
74,79 pregnancy, Transmission, infection prevention and control,
otolaryngology, anaesthesia, guideline
9,10, 12, 14, 16, Male, China, female, middle aged, adult Aged, clinical
19, 25, 31, 32, 33, | laboratory technique, retrospective study, risk factor, severity 12.13. 19 Clinical characteristics, epidemiology,
2 38, 42, 48, 53, 54, | of illness index, child, radiography, thoracic, fever, treatment 20’ 29’ 35’ critical type, enteral nutrition, nutrition
55, 56, 70, 72, 76, | outcome, young adult, adolescent, aged, 80 and over, reT therapy, severe pneumonia
77 prognosis, time factor, cough, diarrhea
COVID-19, mechanical ventilation,
2,3,4,7,11, 26, Pandemic, pneumonia, viral, human mechanical ventilation, 15709 respiratory therapy technology, high-flow
3 30, 41, 44, 50, 61, | intensive care, disease outbreak, infection disease, public AN nasal cannula oxygen therapy, infection
. ) 14,27 @ 07y - ¢
65, 67, 75, 81 health, ventilators, mechanical, resource control, non-invasive positive pressure
ventilation
24, 27, 35, 49, 52, | intensive care unit (ICU) , pneumonia, mask, hospitalization, 4,10, 24, .Cr't'c‘:.’l 'lmess’ protectlon measure,
4 . . ) infection, intensive care medicine,
57, 64, 68, 71 treatment, epidemiology, cytokine storm 25,31, 37 . .
personal protection, ventilator
5,23, 34, 36, 46, Beta-coronavirus, SARS, lung, respiratory distress syndrome, 2, 6,15, Extracorporegl mgmbrapous oxygenation
> 59, 63, 73, 82 adult, animal, inflammation 21 (ECMO), nursing, intensive care,
o ! ' extracorporeal life support
6 18, 29, 40, 78, 80 ExFrac_orporeaI membrane oxygenaltlon, cr|t|_cal |Ilness,_ practice 22,23, 28 Hyperbar}c oxygen, hypoxemia,
guideline as topic, emergency service, hospital, hypoxia nosocomial infection

The Praveen team studied the transport of COVID-19 patients
with endotracheal intubation and mechanical ventilation. The
results showed improved success rate of intubation,
depended on the experience and skilled operation team, and
it was recommended that men and women should use 8.0
mm and 7.5 mm cathetor, respectively. In addition, to reduce
infection, mechanical ventilation, or atomisation is not recom-
mended during transport.”” The use of aerosol boxes for intu-
bation may increase intubation time and the risk of
infection.”” However, some studies have shown that endo-
tracheal intubation box may bring benefits, and the study of
endotracheal intubation box may improve the success rate of
endotracheal intubation; and reduce the infection of medical
staff.”* Moreover, Medical personnel must be provided
adequate and effective personal protective equipment during
endotracheal intubation or nursing, such as powered air purifi-
cation respirators (PAPRs).” Khoury invented an airway nega-

tive pressure respirator (NAPR) that can effectively prevent
aerosol spills, thereby protecting medical staff.*®

It is worth mentioning that the risk of infection caused by
extubation, using two airway filters during extubation, can
reduce the risk of infection."” Healthcare facilities providers
are advised to use electronic intensive care unit (E-ICU)
systems to reduce healthcare workers infections.'® Virus RNA
exists in different areas of the hospital, and its infectivity
cannot be determined, but the number of viruses has been
reduced after strict disinfection. Therefore, it recommended
that all parts of the hospital should be disinfected regularly,
and the wards should be ventilated.”

The first major content of the CNKI research was to systemat-
ically review and find the best evidence for preventive
measures to prevent infections in newborns and children,
including neonatal COVID-19's diagnosis, transportation
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management, infection control, and discharge plan.’*** The
humoral management of children with potential heart
disease is also the focus of attention.”
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Figure 2: CNKI keyword co-occurrence visualisation chart.

The second group of PubMed mainly discussed the risk
factors affecting the prognosis of COVID-19 patients with
mechanical ventilation. Most studies have shown that high
sequential organ failure assessment (SOFA) score, d-dimer
>1 pg/mL, and elevated procalcitonin level are risk factors
for poor prognosis in elderly patients with sequential organ
failure. D-dimer >1 pg/mL and elevated procalcitonin level
can be used as warnings of poor prognosis.>*

The second group of CNKI mainly studied the nutritional
treatment of severe pneumonia patients with different clin-
ical features. Yu Wang and other researchers found that
nutritional support therapy was the primary source of nutri-
tion for mechanically ventilated patients. Different nutri-

tional strategies for patients with different conditions. Nearly
90% of critically ill patients have an NRS2002 score of more
than 5, so the professional dietitians are needed to formu-
late treatment plans, and the priority is given to enteral nutri-
tion with high energy density, and the use of insulin pump to
control blood sugar.”* However, previous study found that
the incidence of gastrointestinal adverse reactions in criti-
cally ill patients is very high, and it is recommended to use
parenteral nutrition as much as possible, which is contrary to
the recommendations of expert guidelines.”** Therefore,
nutritional support therapy is essential, and appropriate
nutritional treatment can improve the prognosis of patients.

PubMed clusters 3 and 6 mainly covered the management,
production, and use of medical resources (medical masks,
N95 masks, ventilators) during public health emergencies
and pandemics. At present, the focus was on flexible nano-
apertures film masks (aperture less than 5nm), graphene
masks (reusable), and powered air purification respirators
(PAPRs).”**’ Paying attention to the performance of different
masks is also the main content of research. The perfor-
mance of mixed material masks was found to be better.”®
There was no difference between the use of two masks to
prevent infection in air-conditioned rooms and healthy
people in the community.”
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Figure 3: Visualisation of the author's collaboration.

In addition, professionals had difficulty communicating and
understanding them during the use of personal protective
equipment.”

The study of third and sixth groups of studies in CNKI shared
the same theme: mechanical ventilation in COVID-19
patients. Based on the treatment experience of critically ill
patients, FW Jia and other groups summarised the recom-
mendations and operating rules for endotracheal intubation,
determined the indications for invasive mechanical ventila-
tion from the mechanism of lung injury, and discussed issues
that should be noted in respiratory support treatment and
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nursing. Timely use of ventilator support (mechanical ventila-
tion, ECMO) that brings greater benefits. The pressure of
mechanical ventilation will be adjusted according to the
severity of the patient's condition to avoid lung injury, which
can be aggravated by blind lung reexpansion.’ Besides,
many studies have shown that ACE2 (angiotensin-converting
enzyme 2) may aggravate acute lung injury.”

The fourth group of PubMed data and the fourth group of
CNKI studied the efficacy of antiviral therapy. The clinical
effectiveness of COVID-19 antiviral agents has always been
a contradictory and controversial topic. Some studies have
shown that different studies have come to different conclu-
sions.

Six antiviral agents such as arbidol capsule and Lopinavir/ri-
tonavir tablets were not beneficial for critically ill patients.”
There was no significant correlation between hydroxychloro-
quine and intubation or death.’® In addition, the use of hydrox-
ychloroquine or chloroquine has no obvious benefit for the
treatment of COVID-19, which could reduce the in-hospital
survival rate of COVID-19 patients and increase the inci-
dence of ventricular arrhythmias.” There was no significant
difference in clinical improvement time between the
acyclovir group and the control group.* Lopinavir-ritonavir
had no substantial improvement in critically ill patients, and
has more adverse reactions,” a study on the contrary.

Famciclovir can improve the clinic status of ventilation, and
remdesivir can improve the symptoms of patients with
severe mechanical ventilation.*® Antiviral treatments, such
as lopinavir/ritonavir, hydroxychloroquine, and ribavirin, can
significantly reduce mortality and enhance ventilation.”
Peramivir can improve critically ill patients with mechanical
ventilation, but it has serious adverse reactions.”® Severe
patients should give priority to hydroxychloroquine or Lopi-
navir/ritonavir antiviral therapy.” The efficacy of arbidol and
LPV/r alone or in combination is also controversial. Favipi-
ravir (FPV) and Lopinavir (LPV) / ritonavir (RTV) treatment of
COVID-19 is superior to Favipiravir (FPV) alone in controlling
disease progression and shortening virus clearance time.***
which is inconsistent with the results of ZhenZz.*” The above
research results need to be verified by large-scale
randomised trials.

The fifth group of PubMed data mainly studied the treatment
of severe maternal hypoventilation, mainly related to the
mechanical ventilation of COVID-19 pregnant women. A
cohort study in the United States found that 73% of severe
COVID-19 pregnant women needed oxygen therapy, 95
percent of critically ill women required intubation, 50
percent of critically ill COVID-19 women opted to give birth
due to infection, nearly 88 percent of pregnant women gave
birth prematurely,®” and vaginal delivery had a lower risk of
new infections.*

The indicators used in previous studies to predict prognosis

and disease progression also apply to pregnant women.*
Postpartum management of newborns is a potential key
research field.

The fifth CNKI data clustering mainly studied the mechanical
ventilation, extracorporeal membrane oxygenation, and
other extracorporeal life-support nursing in intensive care
patients. Extracorporeal membrane lung combined with
mechanical ventilation patient transportation care strategies
include infection prevention, treatment, pre-, mid-, and post--
transport care.* Xin Liu 's team used prone position mechan-
ical ventilation for patients with mechanical ventilation to
improve ventilation conditions. At the same time, he also
recommended to pay attention to prevent loss of ventilation
tubes, skin management, and pneumothorax.*” The key to
preventing ventilation failure in nursing is to avoid air
leakage in the masks. For patients with thinner faces, gauze
can be filled between the mask and the skin, and the head-
band can be loosened to accommodate a finger, nasal
bridge, and cheeks on both sides to paste colloidal dressings
to prevent pressure damage to the skin.* It is also worth
noting that compared to the operational skills of ECMO, the
difficulty is the lack of professionals who detect and manage
ECMO, so training professionals is the current challenge.”’

The authors believe that this research can reflect the new
direction of COVID-19 mechanical ventilation treatment and
provide clues for COVID-19 mechanical ventilation.

CONCLUSION

The authors and keywords of the literature on COVID-19
mechanical ventilation in PUBMED and CNKI databases were
evaluated; and the research hotspots were analysed in the
field of COVID-19 mechanical ventilation in the past five
months. With the increasing number of patients with acute
respiratory distress syndrome, publications from PubMed
also paid attention to elderly COVID-19 patients, while CNKI
paid attention to extracorporeal life-support care, such as
extracorporeal membrane oxygenation. The application of
COVID-19 mechanical ventilation in infection prevention,
control and antiviral therapy has become the focus of global
research. At present, there is a lack of randomised
controlled trials.
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