
Page 1/12

Clinical e�cacy of a systematic lung-protective
protocol for COVID-19 pneumonia requiring invasive
ventilation: A single-center retrospective study
Yoshihiko Takahashi  (  the.way.hope.goes.0907@gmail.com )

Maebashi Red Cross Hospital
Shu Utsumi 

National Centre for Child Health and Development
Kenji Fujizuka 

Maebashi Red Cross Hospital
Hiroyuki Suzuki 

Maebashi Red Cross Hospital
Noritaka Ushio 

Maebashi Red Cross Hospital
Yu Amemiya 

Osaka Medical and Pharmaceutical University
Mitsunobu Nakamura 

Maebashi Red Cross Hospital

Research Article

Keywords: COVID-19 pneumonia, intensive care unit, invasive ventilation, acute respiratory distress
syndrome, lung-protective strategy, protocol

Posted Date: February 28th, 2022

DOI: https://doi.org/10.21203/rs.3.rs-1402410/v1

License:   This work is licensed under a Creative Commons Attribution 4.0 International License.  
Read Full License

https://doi.org/10.21203/rs.3.rs-1402410/v1
mailto:the.way.hope.goes.0907@gmail.com
https://doi.org/10.21203/rs.3.rs-1402410/v1
https://creativecommons.org/licenses/by/4.0/


Page 2/12

Abstract

Background
The bene�ts of introducing a systematic lung-protective protocol for patients with coronavirus disease
(COVID-19) pneumonia and who require invasive ventilation in the intensive care unit (ICU) are unknown.
Herein, we aimed to evaluate the clinical effects of introducing such a protocol in the context of mortality,
duration of ventilation, and length of ICU stay.

Methods
In this single-center, retrospective, quality comparison study, we identi�ed patients with COVID-19
pneumonia who received invasive ventilation in our ICU between February 2020 and October 2021. We
established a systematic lung-protective protocol for the pre-introduction group until March 2021 and the
post-introduction group after April 2021. Patients who did not receive invasive ventilation and who
underwent veno-venous extracorporeal membrane oxygenation in a referring hospital were excluded. We
collected patient characteristics at the time of ICU admission, including age, sex, body mass index (BMI),
comorbidities, sequential organ failure assessment (SOFA) score, acute physiology and chronic health
evaluation II (APACHE II) score, and Murray score. The study outcomes were ICU mortality, length of ICU
stay, and duration of ventilation.

Results
The pre-introduction and post-introduction groups included 18 and 50 patients, respectively. No
signi�cant differences were observed in sex, BMI, SOFA score, APACHE II score, and Murray score;
however, age was lower in the post-introduction group (70 vs. 56, p = 0.003). The introduction of this
protocol did not improve ICU mortality. However, it reduced the ICU length of stay (26 days vs. 11 days, p 
= 0.003) and tended to shorten the duration of ventilation (15 days vs. 10 days, p = 0.06).

Conclusions
The introduction of the protocol was associated with a decrease in the length of ICU stay and duration of
ventilation; however, it did not change mortality. The application of the protocol could improve the
security of medical resources during the COVID-19 pandemic. Further prospective multicentre studies are
needed.

Background
The coronavirus disease (COVID-19) pandemic has spread at an overwhelming rate and has caused
many deaths [1]. The severity of COVID-19 pneumonia varies, and most cases are mild and non-fatal [2].
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However, the most severe cases requiring invasive ventilation, which will be addressed as severe COVID-
19 pneumonia, meet the criteria for acute respiratory distress syndrome (ARDS) and have a high fatality
rate [3]. Since these patients require intensive care, each country needs to secure intensive care unit (ICU)
resources and provide effective treatments [4].

Severe COVID-19 pneumonia has been found to share many similarities with ARDS in terms of respiratory
mechanics [5]. Therefore, lung-protective strategies, such as lung-protective ventilation with continuous
intravenous infusion of a neuromuscular blocking agent, early application of prone positioning, and
prolonged prone positioning, could be effective not only for patients with ARDS but also for those with
severe COVID-19 pneumonia [6–10].

It would be valuable to establish a systematic protocol for severe COVID-19 pneumonia and therefore we
implemented a lung-protective strategy. The bene�ts of introducing a protocol for severe COVID-19
pneumonia remain unknown. The aim of our study was to evaluate the clinical effects of a systematic
lung-protective protocol for COVID-19 pneumonia in the context of mortality, duration of ventilation, and
length of ICU stay.

Methods

Study setting
This was a single-center, retrospective, quality comparison study with a systematic lung-protective
protocol conducted at Maebashi Red Cross Hospital. The study period was from February 2020 to
October 2021, with the pre-introduction group until March 2021, and the post-introduction group after
April 2021. We identi�ed patients over 18-years-old with COVID-19 pneumonia in our ICU. Patients who
did not receive invasive ventilation, had contraindications for prone positioning (see Additional File 1),
and those who underwent veno-venous extracorporeal membrane oxygenation (V-V ECMO) in a referring
hospital were excluded. Our study was approved by the Ethics Committee of the Maebashi Red Cross
Hospital (ID: 2021-51), which waived the requirement for informed consent from patients and their
relatives, given the retrospective and observational nature of the study.

Data collection
Data was collected as follows: ( ) patient characteristics at the time of ICU admission included the
following: age, sex, body mass index, comorbidities, sequential organ failure assessment (SOFA) score,
acute physiology and chronic health evaluation II (APACHE II) score, Murray score [11]; ( ) medications
received during ICU stay; ( ) availability of treatment with V-V ECMO; ( ) ventilator parameters within two
days after ICU admission (tidal ventilation volume/predicted body weight, driving pressure, plateau
airway pressure, positive end-expiratory pressure), induction time and average duration time of prone
positioning, and presence of complications associated with prone positioning; ( ) the incidence of
ventilator-associated pneumonia (VAP) as de�ned in previous literature [12]. These data were collected
retrospectively from electronic medical records.
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Outcome measures
The primary outcome was mortality in the ICU. The secondary outcomes were duration of ventilation and
length of stay in the ICU. Ventilation duration was de�ned as the absence of reintubation or the use of
noninvasive ventilation within 48 h of extubation. For patients with tracheostomy, we de�ned weaning
from the ventilator as the ability to breathe without assistance from a tracheostomy cannula for more
than 24 h [6].

Protocol
The eligible patients were included in the protocol immediately after ICU admission.

Firstly, after ICU admission, all patients were introduced to a high-�ow nasal cannula, and oxygenation,
respiratory acidosis, and respiratory effort were assessed. The criteria for intubation were as follows:
Patients met one of the conditions PaO2/FIO2 < 150 mmHg [13], respiratory acidosis with pH < 7.30, or
excessive respiratory efforts. Secondly, patients were placed in prone positioning with lung-protective
ventilation and administered continuous intravenous infusion of rocuronium, a neuromuscular blocking
agent, promptly after intubation.

The target parameters of lung-protective ventilation were as follows: (i) tidal ventilation volume at 6
mL/predicted body weight [14], (ii) driving pressure < 15 cm H2O [15], and (iii) plateau airway pressure < 
30 cm H2O [16]. In addition, the positive end-expiratory pressure (PEEP) was determined according to the
lower PEEP/higher FIO2 table proposed by the ARDS Clinical Trials Network [17]. The targets of prone
positioning were as follows: (i) early prone positioning: the application of prone positioning within 36 h
after intubation, and (ii) prolonged prone positioning: average duration being at least 16 h per session [6].
Thirdly, prone positioning was discontinued when PaO2/ FIO2 > 200 mmHg could be maintained for more
than 4 h in the supine position. It was discontinued using a neuromuscular blocking agent
simultaneously when prone positioning was completed.

Even if PaO2/ FIO2 > 200 mmHg could not be achieved, the continuation of prone positioning was limited
to 96 h after intubation, at which point the need for V-V ECMO was discussed [18].

Fourthly, patients were slowly weaned off the respiratory setting by adjusting the respiratory setting and
sedatives and if necessary, using a neuromuscular blocking agent for respiratory effort and ventilation
asynchrony.

Finally, the protocol was withdrawn if they met the criteria for the initiation of spontaneous awakening
test and spontaneous breathing test [19]. In addition, the protocol was terminated when V-V ECMO was
introduced (Fig. 1). Drug therapy during the protocol is shown separately in Additional File 2.

Statistical analysis
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Distributed continuous variables without a normal distribution were presented as median and
interquartile range. Categorical data were summarized as numbers or percentages. For univariate
analysis, the Mann−Whitney U test for continuous variables and Fisher’s exact test for categorical
variables were used for comparison. For multivariate analysis, if the residues did not follow a normal
distribution, they were log-transformed and subjected to multiple regression analysis, adjusting for
signi�cant covariates at baseline. Data were assumed to be missing at random, with no imputation or
interpolation of the missing values. Statistical tests were two-tailed, and statistical signi�cance was set
at p < 0.05. All statistical analyses were performed using EZR [20], a graphical user interface for R (R
Foundation for Statistical Computing, Vienna, Austria).

Results
Baseline characteristics

A total of 96 patients were admitted to our ICU, and 68 patients who received invasive

ventilation were eligible for our study (Figure 2). Eighteen patients were included in the pre-introduction
group, and 50 patients were included in the post-introduction group. Table 1 summarizes the patients’
characteristics. There were no signi�cant differences between the groups in sex, body mass index, SOFA
score, APACHE II score, or Murray score; however, age was lower in the post-introduction group (70 vs. 56,
P=0.003). The type of antiviral drug used changed over time in the two groups, while the use of
corticosteroids was not different. The incidence of VAP was not different between the two groups (OR,
0.64; 95% Cl, 0.18 2.16), although the use of antibiotics was higher in the post-introduction group
(p<0.001). The rate of V-V ECMO signi�cantly reduced from 33% to 2% in the post-introduction group (OR,
0.04; 95% Cl, 0.01 0.41).

Lung-protective strategy

Table 2 shows the parameters of ventilation, prone positioning, and complications associated with prone
positioning. The parameters of lung-protective ventilation did not differ between the two groups. The
achievement of early prone positioning increased from 56% to 98% in the post-introduction group, and the
average duration of prone positioning signi�cantly increased from 15 h to 18 h in the post-introduction
group (p=0.007). Although the duration of prone positioning increased, there was no increase in the
number of complications in the post-introduction group.

Primary and Secondary outcomes

The results of outcomes are shown in Table 3. The mortality rate in the ICU showed a decreasing trend
from 17% to 4%; however, it did not show statistical signi�cance (OR, 0.21; 95% Cl, 0.01 2.05). The
duration of ventilation was reduced from 15 days to 10 days, with statistical signi�cance in the univariate
analysis; however, it did not remain statistically signi�cant after adjusting for age, sex, and SOFA score
(see Additional File 3). The length of stay in the ICU was reduced from 33 to 11 days, with statistical
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signi�cance. Even after adjusting for age, sex, and SOFA score, the differences remained statistically
signi�cant (p=0.003, see Additional File 4).

Discussion

Overview
The introduction of the protocol for COVID-19 pneumonia requiring invasive ventilation did not improve
mortality in the ICU; however, it reduced the length of ICU stay and shortened the duration of ventilation.

Mortality
In our study, mortality in the ICU did not improve by introducing the protocol. This may be because the
rate of V-V ECMO tended to be higher in the pre-introduction group. The results of V-V ECMO treatments
for COVID-19 pneumonia have been good, according to a report by the Extracorporeal Life Support
Organization [21]. The high rate of V-V ECMO may have positively affected mortality in the pre-
introduction group. However, it is important to note that despite the lack of difference in severity between
the two groups, the rate of V-V ECMO was reduced by introducing the protocol, and ICU mortality was not
worse in the post-introduction group. In addition, ICU mortality tended to be lower in our hospital than
reported in previous studies. For example, the overall mortality of 7% in the ICU in our cohort was lower
compared with 38% reported in the PRoVENT-COVID cohort (Table 3) [22]. The small number of death
events may have contributed to the lack of statistically signi�cant differences. Therefore, it is important
that the introduction of the protocol did not worsen mortality with no increase in V-V ECMO initiation.

Length of ICU stay and duration of ventilation
The protocol reduced the length of ICU stay and ventilation duration. In our study, despite no difference in
the rate of achievement of lung-protective ventilation in the two groups, the achievement of early applied
prone positioning and the duration of prone positioning increased signi�cantly, suggesting that these
approaches could be effective. In the PROSEVA study, the achievement of early prone positioning and the
duration of prone positioning reduced the length of stay in the ICU and duration of ventilation [6].
Therefore, the results of our study are consistent with those of the PROSEVA study. Therefore, the
introduction of the protocol could comply with these approaches, contributing to an improvement in the
length of stay in the ICU and the duration of ventilation.

Adverse events associated with prone positioning
There were no signi�cant differences between the groups with respect to adverse events associated with
prone positioning in our study, as well as in the PROSEVA study [6]. The low incidence of adverse events
could be related to the fact that our hospital and the facilities that participated in PROSEVA study were
familiar with the management of severe respiratory failure.

Limitation
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In addition to our study design being single-centered and retrospective, the mutation, prevalence of
COVID-19, and drug treatment strategy for COVID-19 pneumonia changed signi�cantly before and after
the introduction of the protocol. This could have in�uenced the results, and the number of cases was not
su�cient to adequately adjust for the confounding factors. Despite these limitations, during a pandemic,
this protocol could contribute to securing medical resources by reducing the length of ICU stay and
duration of ventilation. With no increasing adverse events, this protocol could be generalised since it does
not require special drugs or equipment but only prone positioning.

Conclusions
The introduction of the protocol for COVID-19 pneumonia patients requiring invasive ventilation was
associated with improved length of stay in the ICU and duration of ventilation; however, the difference
was not statistically signi�cant. Nevertheless, the protocol could contribute to the e�cient use of medical
resources during the pandemic. Further investigation regarding the e�cacy of the protocol using a
multicentre prospective study is required.
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Figures

Figure 1

Maebashi COVID-19 Protocol.

De�nition of abbreviations: P/F=PaO2/FIO2; PBW=predicted body weight; Vt=Tidal Volume (mL);
Pplat=plateau airway pressure; NMBA=neuromuscular blocking agent; V-V ECMO=veno-venous
extracorporeal membrane oxygenation; SAT=spontaneous awakening test; SBT=spontaneous breathing
test

Maebashi COVID-19 Protocol (included the lung-protective strategy): Lung-protective ventilation with
neuromuscular blocking agents, early application of prone positioning, and prolonged prone positioning.
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Figure 2

Study �ow.

We identi�ed 96 patients over 18-years-old with coronavirus disease 2019 (COVID-19) pneumonia in our
intensive care unit; 26 patients did not receive invasive ventilation, and 2 patients who underwent veno-
venous extracorporeal membrane oxygenation in a referring hospital were excluded. A total of 68 patients
were included in the analysis, with 18 in the pre-introduction group and 50 in the post-introduction group.
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