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Do Mechanically Ventilated COVID-19 Patients Present a
Higher Case-Fatality Rate Compared With Other Infectious
Respiratory Pandemics? A Systematic Review
and Meta-Analysis

Orit Blumenfeld, PhD, MSc, MBA, BPT, * Shai Fein, MD, MHA, 1} Asaf Miller, MD,§ Yael Hershkovitz, MSc, *
Inbar Caspi, MD,/| Yaron Niv, MD,¥ and Lital Keinan-Boker, MD, PhD*#

Background: Early reports on COVID-19 patient outcomes showed
a marked fatality rate among patients requiring invasive mechanical
ventilation (IMV).

Objective: Our aim was to compare case fatality rate (CFR) outcomes for
patients requiring IMV due to severe acute respiratory syndrome (SARS)-
associated coronavirus 2 (COVID-19), SARS-associated coronavirus 1,
Middle East respiratory syndrome (MERS), and influenza (HIN1).
Materials and Methods: We searched PubMed, EMBASE, MEDLINE,
Google Scholar, and Cochrane Library for relevant studies published
between December 2019 and April 2021 for COVID-19, between January
2002 and December 2008 for SARS, between January 2012 and
December 2019 for MERS, and between January 2009 and December
2016 for influenza (HIN1).

Results: Overall, this study included 81 peer-reviewed studies, pertaining
to 65,058 patients requiring IMV: 61 studies including 62,809 COVID-19
patients, 4 studies including 148 SARS patients, 9 studies including 875
MERS patients, and 7 studies including 1226 influenza (HIN1) patients.
The CFR for COVID-19 patients requiring IMV was not significantly different
from the CFR for SARS and influenza (HIN1) patients (45.5% [95% con-
fidence interval (CI), 38.5%52.8%] vs. 48.1% [95% CI, 39.2%—57.2%)]
and 39.7% [95% CI, 29.3%-51.3%], respectively). However, CFR for
COVID-19 patients was significantly lower compared with that for MERS
patients (CFR, 70.6%; 95% CI, 60.9%-78.8%).

Conclusions: COVID-19 patients requiring IMV show a similar CFR
compared with SARS and HIN1 influenza patients but a lower CFR com-
pared with MERS patients. To improve survival in future pandemics, we
recommend examining the pros and cons of the liberal use of endotracheal
intubation and considering drafting guidelines for the selection of patients
to intubate and the timing of intubation.
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ow respiratory tract infections are the most fatal communicable
diseases globally, causing millions of deaths per year.' Four
viral pandemics associated with acute hypoxemic respiratory fail-
ure (AHRF) have occurred during the last 2 decades. The first was
the severe acute respiratory syndrome coronavirus 1 pandemic in
2002, caused by a coronavirus, infecting 8098 people globally,
with a case fatality rate (CFR) of approximately 10.5%.% Second,
the influenza virus (HIN1) pandemic took place in 2009, with a
CFR of 0.2%.® The third pandemic, the Middle East respiratory
syndrome (MERS-CoV), caused by a different coronavirus, occurred
in 2012 with a total of 2519 laboratory-confirmed cases and a CFR of
34.4%.* The fourth pandemic, starting in December 2019 and still
ongoing, is caused by a novel coronavirus (severe acute respira-
tory syndrome coronavirus 2 [SARS-CoV-2]) that led to AHRF
known as the coronavirus disease 2019 (COVID-19). The number
of persons infected by SARS-CoV-2 continues to increase glob-
ally, with 160,686,749 confirmed cases and 3,335,948 deaths re-
ported as of May 14, 2021.°
Genetic sequencing of the SARS-CoV-2 virus suggests that
it is a beta-coronavirus closely linked to the severe acute respira-
tory syndrome (SARS) virus.® The novel virus shares 88% of its
genetic sequence with 2 coronaviruses found in bats, namely, bat
SLCoVZ(C45 and bat-SL-covVZXC21; 79% of its sequence is
identical to the SARS coronavirus, and nearly half of its genetic
sequence is identical to the MERS coronavirus.” The overall mor-
tality due to COVID-19 ranges between 3% and 4% among iden-
tified cases according to the World Health Organization's reports.®
Some patients (5%—-10%) require admission to an intensive care
unit (ICU).” In the absence of guidelines, there was difficulty to
distinguish between critically ill patients requiring mechanical
ventilation and those who could be managed with noninvasive re-
spiratory support. Several studies conducted early in the pandemic
concluded that noninvasive options (continuous positive airway
pressure/bilevel positive airway pressure and or high-flow nasal
cannula) were of questionable value and that they could cause aero-
solization of the virus under positive pressure. Thus, intubation is
preferred. Furthermore, delaying intubation would cause a more
severe form of acute respiratory distress syndrome (ARDS).!*!!
Yang et al'® reported that 56% of COVID-19 patients who were crit-
ically ill required invasive mechanical ventilation (IMV), whereas
Richardson et al'? claimed that as much as 89.9% required IMV,
Several experts have shown in their studies that each day of me-
chanical ventilation exposes patients to complications. In addition,
several studies reported places that experienced insufficient supply
of ventilators (some authorities recommend connecting 4 patients to
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a single ventilator)."! Taken these facts together had raised concerns
that survival among those receiving mechanical ventilation would
be poor.'* 6 Available recommendations on the type of first-line
therapy of acute respiratory failure in pulmonary infections, espe-
cially in pandemics, when there is lack of knowledge about the vi-
rus and its clinical manifestation, are based mostly on published
studies and experience from other pandemics: SARS epidemic in
2003, MERS epidemic in 2012, and influenza epidemic in 2009.

To address the question of whether COVID-19 patients re-
quiring IMV present a high CFR, we decided to compare CFR of
COVID-19 patients with CFR of patients with other coronaviruses
(SARS, MERS) and with those with HIN1 influenza infection,
during the pandemic stages of these diseases using systematic re-
view and meta-analysis. Systematic reviews can be very useful
decision-making tools for physicians. They objectively summarize
large amounts of information, identifying gaps in medical research,
and point out beneficial or harmful interventions that may be useful
for clinicians, researchers, and even the public and policymakers.

Addressing this knowledge gap will assist in intensive care
resource allocation and public health strategies, as the COVID-19
pandemic is still current and active.

MATERIALS AND METHODS

This study-level systematic review and meta-analysis was
performed following the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses guidelines.!”

Search Strategy

PubMed, EMBASE, MEDLINE, Google Scholar, and Cochrane
Library were searched for relevant published literature on COVID-19,
severe acute respiratory syndrome coronavirus 1, MERS-CoV,
and influenza (HIN1). Studies in English, which included data
concerning mortality among critically ill patients requiring IMV,
were identified. Articles published between December 2019 and
May 1, 2021, on COVID-19, between January 2002 and December
2008 on SARS, between January 2012 and December 2019 on
MERS, and between January 2009 and December 2016 on influ-
enza (HIN1) were considered.

Two authors reviewed the titles and abstracts identified for
the search with the intent to select studies that met the following
inclusion criteria: (1) the study was peer reviewed, (2) the study re-
lated to laboratory-confirmed COVID-19/SARS/MERS/influenza
(HIN1) infections, (3) the study included IMV and patients’
survival/mortality/death data, (4) the study participants were com-
posed of adults 18 years and older, and (5) for influenza (HIN1),
only cohorts based on patients who were given a diagnosis of the
disease between years 2009 and 2010—the pandemic era.

The 2 authors (O.B. and 1.C.) who independently conducted
the literature search uploaded their findings in an online file stor-
age service (Google Drive) to cross-check them. Full-text screen-
ing was performed independently by the same authors, and any
disagreement was resolved through discussion or involving a third
reviewer (A.M.). The final choice of articles and the included ref-
erences were based on the reviewers’ judgment regarding their rel-
evance to this subject. Figure 1 shows the article selection process
for each disease.

We used the key phrases for COVID-19: (COVID-19 OR
2019nCoV OR SARS-CoV-2) AND (“critically ill” OR “ventilated
patients” OR “mechanical ventilation” OR “invasive mechanical
ventilation”) AND (“mortality” OR “fatality” OR “outcomes” OR
“survival” OR “death”). The key phrases for SARS were SARS-
CoV-1 OR SARS OR severe acute respiratory syndrome, and
for MERS, these were MERS-CoV OR MERS OR Middle East
respiratory syndrome.

2 | www.infectdis.com

Data Extraction

Study characteristics, treatment (IMV), and clinical outcome
were extracted from the identified studies. Data on clinical out-
come included mortality and hospital/ICU data. Patients who were
intubated early or late were considered as patients requiring IMV;
all causes of mortality of patients requiring IMV and all durations
of ventilation were included in the meta-analysis.

STATISTICAL ANALYSIS

This meta-analysis was performed using RStudio version
3.6.1, “meta” and “forestplot” packages, based on data extracted
from peer-reviewed studies retrieved from the PubMed, EMBASE,
and Cochrane Library databases. Categorical variables were de-
scribed as counts and percentages. Case fatality rate was calculated
by dividing the number of deaths of confirmed cases requiring IMV
by the total number of confirmed cases that required IMV. The re-
sulting ratio was then multiplied by 100 expressed as a percentage
(Supplementary Tables 1-4, available at http://links.lww.com/
IDCP/A45, http://links.Ilww.com/IDCP/A46, http://links.lww.
com/IDCP/A47, and http:/links.Iww.com/IDCP/A48, respectively).
Summary CFR's estimates and the corresponding 95% confidence
intervals (Cls) were obtained through meta-analyses using inverse
variance method and generalized linear mixed model for pooling.'®!°

Forest plots were used to evaluate the pooled estimates of
CFRs and corresponding 95% ClIs for each study. The /? statistical
test was performed to assess heterogeneity in this meta-analysis. A
random-effects model was chosen where / statistical tests (hetero-
geneity) were greater than 50%, and fixed-effects model was cho-
sen where ? statistical tests were less than 50%.%°

Ethics committee approval was waived because of study type
(meta-analysis). This study was registered in PROSPERO (Inter-
national Prospective Register of Systematic Reviews) and re-
ceived a registration number (CRD 42021237186).

RESULTS

Overall, 1931 records were identified during the search con-
ducted on the PubMed, EMBASE, MEDLINE, Google Scholar,
and Cochrane Library databases. Of these identified records,
1332 were excluded based on title and abstract screening, 122
were excluded because they were reviews/systematic reviews/
meta-analyses, 181 were excluded for duplication of the remain-
ing 296 records, and 215 were excluded through full-text evalua-
tion, because they did not meet the inclusion criteria. A total of 81
peer-reviewed studies were included in the final analysis.

COVID-19

Overall, 1541 records were identified from the search con-
ducted on the 5 databases, of which 1290 were excluded based on
title and abstract screening, duplications, or systematic reviews/
meta-analyses. Of the remaining 251 records, 190 were excluded
through full-text evaluation. Finally, a total of 61 peer-reviewed
studies were included in the final analysis (Fig. 1A).!%1%13-21-78
Of these final 61 studies, 11 studies were conducted in China, 3
were conducted in America (2 studies from South America
and 1 study from Central America), 17 involved centers in the
United States, 16 involved centers in Europe, 3 involved centers
in Canada, 9 involved centers in Asia, and 2 were based on mul-
tinational collaborations (one was between the United Kingdom
and Ireland, and the second was between the United States,
Europe, Canada, and Japan). Of the 61 studies, 51 were retrospec-
tive cohorts, 9 were prospective cohorts, and 1 cross-sectional.

The 61 studies were conducted between December 2019 and
September 2020: 15 were conducted up to March 2020, 19 were
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Case Fatality Rate of COVID-19 Patients

A Flow chart for COVID-19 studies

B Flow chart for SARS studies
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FIGURE 1. Flowchart of the study selection.

conducted between March and April 2020, and 27 were conducted
between March and September 2020. The number of patients re-
quiring IMV ranged between 2 and 45,205 (Supplemental Table 1,
http://links.lww.com/IDCP/A45). The reported CFR across these
studies was calculated at 45.5% (95% CI, 38.5%—-52.8%). High
heterogeneity was observed across all studies (2 = 99%). The re-
ported CFRs varied between 0% (95% CI, 0%—4.3%) and 100%
(95% CI, 54.1%—-100%) among different studies (Fig. 2).

Severe Acute Respiratory Syndrome

Overall, 151 records were identified from the search con-
ducted on the 5 databases, of which 143 were excluded based on ti-
tle and abstract screening, duplications, or systematic reviews/meta-
analyses. Of the remaining 8 records, 4 were excluded after full-text
evaluation. Finally, a total of 4 peer-reviewed studies were included
in the final analysis (Fig. 1B).”"®* Three of these studies were
conducted in Asian countries, whereas 1 study involved centers
in Canada. Of the 4 studies, 3 were retrospective cohorts and 1 was
a prospective cohort. All studies were conducted during 2003. The
number of patients requiring IMV ranged from 27 to 46 (Supple-
mental Table 2, http:/links.lww.com/IDCP/A46). The reported
CFR across these studies was calculated at 48.1% (95% CI,
40.1%-56.2%). Low heterogeneity was observed across all stud-
ies (P = 19%). The reported CFRs varied between 37% (95% CI,
23.2%-52.5%) and 56.5% (95% CI, 41.8%—71.1%) among dif-
ferent studies (Fig. 3).
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Middle East Respiratory Syndrome

Overall, 42 records were identified from the search conducted
on the 5 databases, of which 32 were excluded based on title and
abstract screening or duplications. Of the remaining 10 studies, 1
was excluded after full-text evaluation. Finally, a total of 9 peer-
reviewed studies were included in the final analysis (Fig. 1C).5*!
Eight studies were conducted in Saudi Arabia, and 1 involved a cen-
ter in Jordan. Of the 9 studies, 8 were retrospective cohorts and 1
was a prospective cohort. Eight studies were conducted between
2012 and 2015, 1 study was carried out between 2012 and 2018,
and 1 study was conducted in 2019. The number of patients requir-
ing IMV ranged between 3 and 297 (Supplemental Table 3, http://
links.lww.com/IDCP/A47). The reported CFR across these studies
was calculated at 70.6% (95% CI, 60.9%—78.8%). High heteroge-
neity was observed across all studies (* = 77%). The reported
CFRs varied between 30.8% (95% CI, 14.3%-51.8%) and 100%
(95% CI, 29.2%—100%) among different studies (Fig. 4).

Influenza (HINT1)

Overall, 197 studies were identified from the 3 databases, of
which 170 were excluded based on title and abstract screening
(only studies who were based on cohorts between years 2009
and 2010 were included), duplications, or systematic reviews/
meta-analyses. Of the remaining 27 records, 20 were excluded
after full-text evaluation. Eventually, 7 peer-reviewed studies
were included in the final analysis (Fig. 1D).”>°® Of these, 1
study was conducted in North America and 6 were carried out in
Europe. Of the 7 studies, 4 were retrospective cohorts and 3 were
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FIGURE 2. Study analysis of the case fatality rate (CFR) of COVID-19
patients requiring invasive mechanical ventilation. Diamond
indicates overall estimates from the meta-analysis, squares indicate
point estimates of the result of each study, and horizontal lines
represent 95% confidence interval (CI) of CFR.

prospective cohorts. All 7 studies were conducted between 2009
and 2010, when influenza (HIN1) was considered a pandemic.
The number of patients requiring IMV ranged between 6 and
233 (Supplemental Table 4, http://links.lww.com/IDCP/A4S8).
The reported CFR across these studies was calculated at 39.7%
(95% CI, 29.3%-51.0%). High heterogeneity was observed
across all studies (7 = 87%). The reported CFRs varied between
22.9% (95% CI, 13.7%—34.5%) and 80% (95% CI, 44.4%—-97.5%)
among different studies (Fig. 5).

Summary of Main Results

The CFR of patients requiring IMV was highest among
MERS patients (70.6% [95% CI, 60.9%—78.8%]), followed by
SARS patients (48.1% [95% CI, 39.2%-57.2%]) and COVID-
19 patients (45.5% [95% CI, 38.5%52.8%]). Lowest CFR was
observed for influenza HIN1 patients (39.7% [95% CI, 29.3%—
51.0%]).

The CFR of COVID-19 patients requiring IMV was not sig-
nificantly different from that of SARS and influenza (HIN1) pa-
tients requiring IMV (according to 95% Cls) but was significantly
lower than that of MERS patients requiring IMV.

DISCUSSION

This systematic review and meta-analysis, which included
62,809 critically ill, mechanically ventilated COVID-19 patients,
148 ventilated SARS patients, 875 MERS patients, and 1226 in-
fluenza (HIN1) patients, indicates that the CFR of invasively me-
chanically ventilated patients was highest among MERS patients,
followed by SARS patients and COVID-19 patients, and lowest
for intubated influenza (HIN1) patients. Although the CFR of
invasively mechanically ventilated COVID-19 patients was not
significantly different from that of invasively mechanically venti-
lated SARS and influenza (HIN1) patients, it was significantly
lower than the rate observed for intubated MERS patients.

Although COVID-19 characteristics are similar to previous
historical coronavirus infections (SARS/MERS), with a relatively
stable transmission rate and a deceptively slow incubation time,
significant differences in CFR were found between COVID-19 pa-
tients requiring IMV and MERS patients requiring IMV. It may be
explained by the fact that COVID-19 is less pathogenic than
MERS-CoV (x40%).”” Middle East respiratory syndrome causes
amore severe clinical composite than seen among COVID-19 and
SARS patients, requiring hospitalization more frequently.'’ The
study by Al-Hameed et al*’ showed that AHRF developed in up
to 70% of hospitalized patients with MERS and was associated
with high mortality. Most patients with MERS arrived to the hos-
pital late in the manifestation of the disease and in clinically crit-
ical conditions. This delay in treatment may be due to the lack of
clinically informative global data and the lack of public press that
we are witnessing in the current COVID-19 pandemic.

Other studies showed that patients with COVID-19 pneumo-
nia and respiratory distress share many clinical similarities with pa-
tients having other types of severe viral pneumonia and often meet
the Berlin definition of ARDS; accumulating clinical evidence
suggests that there are important phenotypic differences in their
manifestation.'®!

Events per 100
Study Events Total observations Events 95%-Cl Weight
Fowler RA (March-April 2003) 15 29 = 51.72 [32.53;7055] 21.1%
Lew TW ( March-June 2003) 17 46 C] ; 36.96 [23.21;52.45] 28.9%
Gomersall CD ( March- April 2003) 13 27 =5 4815 [28.67;68.05] 19.8%
Leong HN ( Feb-July 2003) 26 46 56.52 [41.11;71.07] 30.2%
Random effects model 148 —ee— 48.11 [39.17; 57.17] 100.0%
Heterogeneity: 1% = 19%, 1> = 0.0262, p = 0.30 ' ' ' ! '
30 40 50 60 70

FIGURE 3. Study analysis of the case fatality rate (CFR) of severe acute respiratory syndrome patients requiring invasive mechanical ventilation.
Diamond indicates overall estimates from the meta-analysis, squares indicate point estimates of the result of each study, and horizontal lines

represent 95% confidence interval (CI) of CFR.
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Events per 100
Study Events Total observations Events 95%-Cl Weight
Arabi YM (Dec 2012-Aug 2013) 5 12 = : 4167 [1517; 7233] 86%
Saad M ( Oct 2012-May 2014) 42 46 i —*— 09130 [79.21; 97.58] 9.7%
Arabi YM (Sept 2012-Jan 2018) 232 297 - 7811 [72.97; 8268] 19.3%
Khalid M (2014) 3 3 100.00 [29.24;100.00] 2.0%
Al-Hameed F (March -June 2014) 5 7 i 7143 [29.04; 96.33] 53%
Alraddadi BM ( Sept 2012-Oct 2015) 150 197 TR 76.14 [69.57; 81.91] 18.7%
Shalhoub S ( Sept 2012-Sept 2015) 8§ 26 ——— 30.77 [14.33; 51.79] 11.9%
Arabi YM ( Jan 2014-Oct 2015) 204 281 - 7260 [66.98; 77.73] 19.5%
Al Awaidy ST ( Jan -Feb 2019) 4 6 e 66.67 [22.28; 9567] 5.0%
Random effects model 875 ot 70.64 [60.87; 78.83] 100.0%

I T T T 1
20 40 60 80 100

FIGURE 4. Study analysis of the case fatality rate (CFR) of Middle East respiratory syndrome patients requiring invasive mechanical ventilation.
Diamond indicates overall estimates from the meta-analysis, squares indicate point estimates of the result of each study, and horizontal lines
represent 95% confidence interval (Cl) of CFR.

Heterogeneity: 1% = 77%, 1> = 0.2367, p < 0.01

The study by Cobb et al'®* compared critically ill patients the outcomes, had it included outcomes only upon conclusion of
with COVID-19 and patients with influenza. They found that, all COVID-19 patients' final course.
whereas among patients with influenza, the cause of ICU admis- Contrary to our study, a study by Lim et al'® reported that
sion may have been more responsive to antibiotic treatment, pa- the CFR of COVID-19 patients requiring IMV was higher than
tients with COVID-19 not only had higher rates of ARDS but also that of HINI influenza patients (45% [95% CI, 39%—-52% vs.
had a different trajectory of respiratory failure with longer dura- 24.2%-26.5%, respectively]) and the CFRs of SARS and MERS
tions of mechanical ventilation. Ackermann et al'® described cer- patients receiving IMV were similar to those of COVID-19 out-
tain histologic features, including alveolar microthrombi and vas- break patients (45%—48% and 60%—74%, respectively). However,
cular angiogenesis, that may be more common among patients they based their results on a very small number of studies and did
with COVID-19 than in patients with ARDS secondary to influ- not compare 95% CI to find whether these results are significantly
enza. These histologic features could explain higher mortality different.

rates among COVID-19 patients requiring IMV compared with Studies based on nonpandemic diseases showed that mortal-
influenza (HIN1) patients. It should be noted that Cobb et al's ity for pneumonia requiring IMV was between 34.2% and 44.2%.'%
study was based on a very small sample of patients and not during Maca et al'” found in a systematic review on ARDS mortality rate
the disease pandemic era. that rates of in-hospital, ICU, and 28/30- and 60-day mortality

Another study from Tang et al'® was aiming to explore the were 45%, 38%, 30%, and 32%, respectively. Other studies found
different clinical presentations between COVID-19 and influenza that, frequently in a lifesaving intervention, patients requiring

(HIN1) pneumonia in patients with ARDS. This group found a IMV have hospital mortality exceeding 35%,'°*"11? pertaining
higher mortality rate in those with HIN1-induced ARDS than in to severity of the underlying condition. In this regard, we cannot
COVID-19—induced ARDS (34.7% vs. 28.8%). However, in this conclude that during a pandemic of an infectious disease—induced
study, approximately 36% of patients with COVID-19 remained AHRF/ARDS/pneumonia (COVID-19/SARS/influenza [HIN1]),
hospitalized at the end of the study, a finding that could change CFRs of patients requiring IMV are comparable with those during

Events per 100
Study Events Total observations Events 95%-Cl Weight
Dominguez-Cherit G ( March-June 2009) 24 48 ——— 50.00 [35.23;64.77] 15.6%
Martin-Loeches | ( 2009) 233 631 - 36.93 [33.15;40.82] 19.8%
Brink M ( Aug 2009-Feb 2010) 16 70 —=— | 2286 [1367,3445] 157%
Teke T ( Nov-Dec 2009) 20 28 P 7143 [51.33;86.78] 12.4%
Sertogullarindan B ( Nov -Dec 2009) 8 10 i 80.00 [44.39;9748] 6.2%
Masclans JR ( Jan 2009-Dec 2010) 104 417 = 2494 [20.86;29.38] 19.4%
Rello J ( June-July 2009) 6 22 —==—+— 2727 [10.73;50.22] 11.0%
Random effects model 1226 ~eaafiia=— 39.66 [29.30; 51.03] 100.0%

I T T 1
20 40 60 80

FIGURE 5. Study analysis of the case fatality rate (CFR) of influenza (H1N1) patients requiring invasive mechanical ventilation. Diamond
indicates overall estimates from the meta-analysis, squares indicate point estimates of the result of each study, and horizontal lines represent
95% confidence interval (Cl) of CFR.

Heterogeneity: 1> = 87%, t° = 0.2724, p < 0.01
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anonpandemic era of infectious diseases because Cls were not in-
troduced in the previously mentioned studies.

The wide range of CFRs among COVID-19 patients requiring
IMYV in different countries could be multifactorial. Among the stud-
ies published in the beginning of the outbreak, we found a higher
CFR among patients requiring IMV. Studies from China with the
highest mortality outcomes 28 days after hospital and ICU admis-
sion started recruiting patients in December 2019 up to February
2020.10-21:23-2628 Thyg. they reported CFRs among patients receiv-
ing IMV at earlier stages during the pandemic, compared with the
studies from France,””®* the United States,>’>*! Spain,>® and
Netherlands,*? which started recruiting patients in March 2020
and reported lower mortality rates at the same lengths of follow-up.

At the beginning of the outbreak, healthcare systems were
overwhelmed and sometimes over their maximal capacities.>® Specif-
ically, critical care departments experienced insufficiently staffed
settings and shortage of ventilators. As time went on, countries
whose peak COVID-19 pandemic outbreak occurred later (March
2020 and onwards) already managed to obtain sufficient equip-
ment, including mechanical ventilators, and to have proper staffing
and processes of care.*®

Another possible cause for the disparity is that most mortal-
ity cases, especially at the beginning, occurred among patients
older than 60 years. It could be explained by less physiologic re-
serve and additional comorbidities. For example, Richardson
et al'? reported that 97.2% of patients were older than 65 years,
and similarly in other studies, a mean age of 70 years was evi-
dent.>"'"3 The population in China has 10% of its total population
(1,440,661,405) older than 60 years and 7% older than 65 years.'™*
The number of people older than 65 years amounts to 3,214,000
in New York and 1,460,000 in Georgia.1 15 The difference in the
total number of patients who would potentially require IMV and
possibly die explains the significant regional and national vari-
ance in mortality rate.

The third possible factor is that high-income countries com-
pared with mid- and low-income countries had the means to ob-
tain ventilators, protective equipment, and medicines earlier and
to affect CFR as such.!'® For example, as personal protective
equipment was scarce during the preliminary phases of the pan-
demic, early intubation preference for AHRF patients was in
place, in an attempt to protect staff and other patients from possi-
ble cross-contamination using noninvasive ventilation strategies.
Yet, another possible factor is that different countries started the
pandemic with different healthcare system capacities and different
strategies to contain the pandemic in their respective country. Sev-
eral used “mitigation” strategy, and some used “containment” strat-
egy, which led to varying depletion of hospital resources and surge
of patients in hospitals.!'” A fifth possible explanation is changes in
practices and guidelines, such as clustered nursing care, changes in
sedation practices, and environmental services that may have af-
fected care and patient outcomes compared with the beginning of
the outbreak. As time passed and more evidence emerged regarding
the appropriate treatment strategies, clinicians conducted the care of
critically ill patients differently. For example, anticoagulation and
dexamethasone-treated mechanically ventilated patients have im-
proved mortality rates.!'® All these facts could also potentially ex-
plain the higher mortality rates evidenced earlier in the pandemic.
Data from the Intensive Care National Audit and Research Center
in the United Kingdom show that ICU mortality in all ages except
those older than 80 years old has declined significantly from April
to May/June and points to better outcomes in patients with longer
stays in the ICU.'"?

Globalization increases the likelihood that infectious dis-
eases appearing in one country will spread rapidly to another
and cause a pandemic and a surge of people who require IMV,
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as respiratory support with IMV remains a cornerstone of critical
care medicine.'”® To mitigate CFRs among patients requiring
IMV earlier during a possible future pandemic outbreak, several
steps should be observed: First, governments should impose travel
restrictions, once the World Health Organization warns against an-
other pandemic outbreak. This will delay the spread of the patho-
gen and diminish the number of infected people who will require
healthcare. Second, at the outbreak of a pandemic, vulnerable in-
dividuals, such as people with comorbidities and those of ad-
vanced age, should be protected by the use of social distancing.
Third, national healthcare systems should empirically prepare suffi-
ciently and systematically for the occurrence of the next pandemic,
by allocation of sufficient means, equipment, and training for such
contingencies. These funds are substantial and require proper plan-
ning, as one can view for example that, during a nonpandemic era,
patients requiring IMV represent 2.8% of hospital admissions, but
that translates to 12% of all hospital costs at $27 billion per year
in the United States.'"

As we view it, this study’s results can assist clinicians in
reaching appropriate decisions while approaching future pandemic
viral diseases at their early stages. The evolution of knowledge
pertaining to appropriate treatment modalities usually lags the ra-
pidity of spread and accumulation of patients. The understanding
of the varied nature of these outbreaks, as well as their possible
evolution over time, and the impact of ventilation of severely ill
patients on their projected outcomes can be useful tools in the
general approach of clinicians.

Limitations of the Study

First, we observed substantial differences of mortality re-
ports. Several studies report on cohorts with incomplete outcomes
for large proportions of the patients, pertaining to the time of sub-
mission. This prevents an accurate estimate of mortality. Second,
there were differences of triage and care systems. For example,
when ventilators were depleted, like in some regions in Italy dur-
ing the earlier phases of the COVID-19 pandemic, prioritization
systems and strict selection criteria were advocated by local medical
societies, to benefit those more likely to survive. Another factor to
be considered is inconsistencies in data collection of the various
studies. Fifth in the different pandemics, different drugs were
administered at different stages of the disease. For instance,
oseltamivir was administered at the beginning of the HIN1 pan-
demic, whereas steroids were proven to reduce mortality a few
months into the COVID-19 pandemic. We cannot rule out the ef-
fect this had on the difference in mortality among 4 viruses. Sixth
and finally, studies were based on data acquired from different
waves of the disease, which had a very different impact on health
systems.

In conclusion, COVID-19 patients requiring IMV showed
similar CFRs when compared with influenza (HIN1) patients re-
quiring IMV, during its pandemic phase, and with SARS patients
requiring IMV. It did show lower CFRs for COVID-19 patients
compared with MERS patients. To improve survival in future pan-
demics, we recommend examining the pros and cons of the liberal
use of endotracheal intubation and considering drafting guidelines
for the selection of patients to intubate and the timing of intubation.
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