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ABSTRACT

Background:

Accurate accounting of coronavirus disease 2019 (COVID-19) critical care outcomes has important implications for
health care delivery.

Research Question:
We aimed to determine critical care and organ support outcomes of intensive care unit (ICU) COVID-19 patients and
whether they varied depending on the completeness of study follow-up or admission time period.

Study Design and Methods:

We conducted a systematic review and meta-analysis of reports describing ICU, mechanical ventilation (MV), renal
replacement therapy (RRT), and extracorporeal membrane oxygenation (ECMO) mortality. A search was conducted
using PubMed, Embase, and Cochrane databases.

We included English language observational studies of COVID-19 patients, reporting ICU admission, MV, and ICU
case fatality, published from December 1, 2019 to December 31, 2020. We excluded reports of less than 5 ICU patients
and pediatric populations. Study characteristics, patient demographics, and outcomes were extracted from each article.
Subgroup meta-analyses were performed based on the admission end date and the completeness of data.

Results:

Of 6,778 generated articles, 145 were retained for inclusion (n = 60,357 patients). Case fatality rates across all studies
were 34.0% (95% CI1=30.7%, 37.5%, P <0.001) for ICU deaths, 47.9% (95% Cl=41.6%, 54.2%, P <0.001) for MV
deaths, 58.7% (95% CI1=50.0%, 67.2%, P <0.001) for RRT deaths, and 43.3% (95% CI =31.4%, 55.4%, P <0.001) for
extracorporeal membrane oxygenation deaths. There was no statistically significant difference in ICU and organ support
outcomes between studies with complete follow-up versus studies without complete follow-up. Case fatality rates for
ICU, MV, and RRT deaths were significantly higher in studies with patients admitted before April 31st 2020.

Interpretation:
Coronavirus disease 2019 critical care outcomes have significantly improved since the start of the pandemic. Intensive
care unit outcomes should be evaluated contextually (study quality, data completeness, and time) for the most accurate

reporting and to effectively guide mortality predictions.

INTRODUCTION

Although overall mortality for coronavirus disease 2019
(COVID-19) approaches 4% or lower, estimated case fatal-
ity rates (CFR) for severely ill COVID-19 patients have been
much higher, although varying widely, ranging from 10% to

“Department of Medicine, Uniformed Services University of Health
Sciences, Bethesda, MD 20814, USA

TThe Metis Foundation, San Antonio, TX 78216, USA

#Walter Reed National Military Medical Center, Bethesda, MD 20814,

USA
The opinions and assertions expressed herein are those of the author(s)

and do not necessarily reflect the official policy or position of the Uniformed
Services University or the Department of Defense.
doi:https://doi.org/10.1093/milmed/usac143
Published by Oxford University Press on behalf of the Association of
Military Surgeons of the United States 2022. This work is written by (a) US
Government employee(s) and is in the public domain in the US.

MILITARY MEDICINE, Vol. 00, Month/Month 2022

90% over the span of a year. A large observational study in
China of 72,314 cases (5% critically ill) reported an intensive
care unit (ICU) mortality of 49%." In Italy, 16% of total hospi-
talizations required ICU-level care within the first 2 weeks.>
Of 1,591 critically ill patients in Italy, 72% were mechani-
cally ventilated, 26% died, 58% remained in the ICU, and
only 16% were discharged from the ICU.? In the rush to dis-
seminate information to the medical community and public,
it has become apparent that outcomes vary depending on the
completeness of data. When initial coverage of the study by
Richardson et al. appeared in press, they reported a mortality
of 88.1% for patients requiring mechanical ventilation (MV).
When the paper was published in April 2020, the mortality
for patients requiring MV was reported as 24.5%. This drasti-
cally different rate comes from comparing the same numer-
ator (282 deaths) to different denominators (1,151 patients
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requiring MV total or 320 patients requiring MV that have
all died or discharged alive). Neither of these figures gives the
reader an accurate portrayal of mortality as 831 (72%) patients
remained hospitalized at the time of publication (i.e., final
outcome to be determined).* When a physician counsels a
critically ill patient about the need for MV and chances of sur-
vival, having an 88% chance of dying could lead some patients
to decline a potentially lifesaving intervention that they would
accept if there were told that the mortality was closer to 24%.
For the lay public, perception that a vital treatment, such as
MYV, could have a higher mortality than the disease itself is
misleading and dangerous. It can impact individual patient
decisions, physician decision making, and hospital policy
making regarding allocation of scarce resources. The litera-
ture quality has been variable as many studies were available
for review online prior to peer review.

It is of vital importance that we have accurate and up-
to-date information about COVID-19 ICU outcomes for
expectation management, facilitating end-of-life discussion,
resource allocation, and planning clinical research. Multi-
ple meta-analyses and systematic reviews on COVID-19 ICU
outcomes have emerged, but the quality and scope are vari-
able. We conducted a systematic review with meta-analysis to
summarize updated outcomes of COVID-19 patients requir-
ing intensive care and MV. The purpose of this study is
to determine the overall outcomes associated with ICU
and organ support outcomes across the first year of the
pandemic.

MATERIALS AND METHODS

This systematic review follows the recommendations estab-
lished by the Preferred Reporting Items for Systematic
Reviews statement and is reported in the Prospective
Register of Systematic Reviews (PROSPERO) database
(CRD42020180607).> We included English language peer-
reviewed observational studies of confirmed COVID-19
patients, reporting at least 2 of the following parameters:
ICU admission or ICU level of care, ICU and MV mortal-
ity and published from December 1, 2019 to December 31,
2020. We excluded reports of fewer than 5 patients, articles
not representing original data, studies with pediatric popula-
tions, and preprints. The search was conducted through April
24, 2020 by a professional medical librarian using PubMed,
Embase, and Cochrane databases. The following search terms
were used: COVID-19, Novel coronavirus 2019 and MV, intu-
bation, pneumonia, ICU, critical care, critically ill patients,
severely ill patients, clinical characteristics, mortality, and
outcomes.

The search identified a total of 6,778 records after dupli-
cates were removed. The final results were exported to Covi-
dence (covidence.org), an online systematic review software.
After search results were obtained, 2 authors (R.M. and
M.L.) independently screened and selected articles by title and
abstract and cross-matched selections with the other. Full-text
articles were then reviewed by the same method. Two separate

authors (S.L. and M.W., J.C and S.A., E.T. and B.F., R. M. and
M.L., M.B. and Z.H.) extracted data including study design,
country of origin, age, gender, number of COVID-19 patient
admissions, number of ICU admissions, number of patients
diagnosed with acute respiratory distress syndrome (ARDS),
number of ICU patients requiring MV (i.e., invasive MV via
endotracheal intubation), renal replacement therapy (RRT)
and extracorporeal membrane oxygenation (ECMO), ICU
mortality, and mortality associated with organ support (MV,
RRT, and ECMO). We defined MV as patients who under-
went endotracheal intubation with placement on a mechanical
ventilator.

We defined complete datasets or complete follow-up
datasets as those with hospitalized populations where all
patients had either recovered and been discharged or died.
This meant that reported outcomes for endpoints such as
mortality did not include patients who remained in the hos-
pital with an unclear disposition at the time of evaluation.
Studies with incomplete data were those that included an over-
all population encompassing those who had recovered and
been discharged, those who had died, as well as those who
remained in the hospital.

All outcomes were evaluated temporally based on when
they occurred during the COVID-19 pandemic (i.e., first
6 months, admission ending on or before April 30, 2020, and
after).

The data were recorded on a standardized electronic data
collection sheet. Summary tables were constructed, data
extraction and resultant figures were reviewed to ensure they
were free from discrepancies. Any discrepancies were adjudi-
cated by a fifth author (M.A.A.). The quality of the included
studies was assessed independently based on the Newcastle—
Ottawa Scale by 2 researchers (J.C. and S.L.).°

All statistical analyses were conducted in Stata statistical
software version 15.1. Each fatality outcome variable was
dichotomous in nature and was analyzed separately using the
meta-analysis of proportions in Stata (metaprop command).
In this study, the meta-analysis summary estimate of the pro-
portions represents the case fatality rate of the outcome and is
estimated using the meta-analysis random-effects model. This
model employs the DerSimonian and Laird method and esti-
mates heterogeneity using the inverse-variance fixed-effect
model. In several studies, the proportions were equal to (or
close to) 0 or 1. To stabilize their variances, the Freeman—
Tukey double arcsine transformation was used in the data.
The pooled estimate of the rate was then back transformed
and presented, along with their Wald 95% CI estimated using
the Score method. Heterogeneity between studies was esti-
mated using the /7 statistic and its P-value. In this study, we
used the pooled estimates obtained from the meta-analysis
to report the fatality rates, which are often different from
the rates obtained by manually combining all the number of
deaths and cases from individual studies. Publication bias was
assessed by examining visually the funnel plots and perform-
ing Egger tests. We also explored subgroup variations based
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FIGURE 1. Preferred Reporting Items for Systematic Reviews flowchart of
included and excluded studies.

on the date of last admission (admission ending on or before
April 30, 2020), or after and completeness of data (with or
without follow-up data).

RESULTS

Study Selection and Characteristics

A total of 6,778 articles were retrieved. After screening by
abstract and title, 461 articles were selected for full-text
assessment (Fig. 1). Three hundred and sixteen studies were
excluded due to a lack of information on ICU admissions, MV,
and mortality. We retained a total of 145 studies (n = 60,357
patients). The main characteristics of the studies included are
shown in Table S1.

Demographics of ICU Patients

There were 78 studies that reported exclusively on severely ill
patient cohorts (ICU-only studies). A total number of 21,510
ICU patients were included. The majority were male (64.2%).
The median ages of these cohorts ranged from 49 to 72 years
old. Additionally, 67 other “mixed” cohorts (ICU + Non-
ICU hospitalized patients) reported a total of 24,93 1confirmed
COVID-19 positive hospitalized patients with 6,186 (24.8%)
ICU patients. An average of 53.8% were males. The median
ages of these cohorts ranged from 32 to 72 years old.

ICU Case Fatality Rate

The total combined number of ICU deaths was 9,483 with
an overall estimated ICU CFR of 34.0% (95% CI=30.7%,
37.5%; I*>=96.2%, P<0.001). The ICU CFR in stud-
ies with complete follow-up (40.1%; 95% CIl=231.0%,
49.5%; I* = 98.0%, P <0.001) was worse compared to studies
with complete follow-up (31.9%, 95% CI=28.7%, 35.1%;
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FIGURE 2. A-B: Case fatality rates. (A) Case fatality rates, complete versus
incomplete follow-up. (B) Case fatality rates, hospitalization before and after
April 31, 2020. ECMO, extracorporeal membrane oxygenation; ICU, inten-
sive care unit; MV, mechanical ventilation; RRT, renal replacement therapy;
*P<0.05.

1> =93.4%, P=0.01), although the difference was not sta-
tistically significant (P =0.091) (Fig. 2A). When stratified
based on the date of last admission, the CFRs were statisti-
cally different from each other (P = 0.001), with 44.0% (95%
Cl=36.4%, 51.8%; I* =94.9%, P <0.001) from studies with
last date of admission prior to April 2020 and 29.9% (95%
CI=126.4%, 33.5; I* =95.71%, P <0.001) from studies with
last date of admission in/after April 2020 (Fig. 2B; Fig. S1A).

MV Case Fatality Rate

A total of 4,821 MV-related deaths (of 10,951 mechanically
ventilated patients) were reported in the studies. The over-
all MV CFR across all studies was 47.9% (95% Cl=41.6%,
54.2%; I*> =96.9%, P <0.001) based on a total of 4,446 MV-
related deaths. The MV CFR from studies with incom-
plete follow-up data was 45.3% (95% CI=37.1%, 53.6%;
1> =95.7%, P<0.001), which was not statistically differ-
ent (P=0.216) from the CFRs from studies with complete
follow-up: 54.3% (95% Cl1=42.7%, 65.7%; I*>=98.5%,
P <0.001) (Fig. 2A). Mechanical ventilation CFRs was sig-
nificantly different (P <0.001) based on the date of last admis-
sion, with 69.7% (95% CIl=56.6%, 81.6%; I*>=93.2%,
P <0.001) from studies with last date of admission prior to
April 2020 and 38.9% (95% CI = 32.5%, 45.5%; 1> = 96.9%,
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P <0.001) from studies with last date of admission in/after
April 2020 (Fig. 2B; Fig. S1B).

RRT Case Fatality Rate

There were 867 RRT-related deaths across the studies (of
1,498 patients who received RRT), and the overall RRT
CFR was 58.7% (95% Cl1=50.0%, 67.2%; I>=283.1%,
P<0.001). The mortality CFR from studies with incom-
plete follow-up data was 54.6% (95% Cl=44.9%, 64.2%;
1> =77.2%, P<0.001), which was not significantly differ-
ent (P =0.285) from the rate of the studies with complete
follow-up data: 64.9% (95% CI = 48.1%, 80.3%; I> = 86.3%,
P <0.001) (Fig. 2A). The RRT CFRs were significantly dif-
ferent (P =0.007) based on the date of last admission, with
79.2% (95% Cl=64.6%, 91.5%; I> =32.9%, P=0.155)
from studies with last date of admission prior to April 2020
and 54.2%, (95% CI = 45.0%, 63.4%; I> = 84.6%, P <0.001)
from studies with last date of admission in/after April 2020
(Fig. 2B; Fig. S1C).

ECMO Case Fatality Rate

A total of 269 ECMO-related deaths were reported in the
studies (of 1,498 patients who required ECMO). The over-
all ECMO CFR across these studies was 43.3% (95%
C1=31.4%, 55.4%; I>=177.4%, P<0.001). The ECMO
CFRs did not vary statistically (P =0.395) based on whether
studies had incomplete follow-up data or complete follow-
up data, with rates of 38.0% (95% Cl=24.7%, 51.9%;
1> =70.3%, P<0.001) and 49.6% (95% Cl = 28.5%, 70.7%;
1> =80.9%, P<0.001), respectively (Fig. 2A). The ECMO
case fatality for studies that occurred later in the pandemic
(32.6%; 95% CI=20.4%, 45.8%; I*=79.3%, P<0.001)
was significantly lower (P =0.009) compared to studies that
occurred later in the pandemic (67.2%; 95% Cl=44.2%,
87.4% I* = 64.5%, P <0.001) (Fig. 2B; Fig. S1D).

RISK OF BIAS ASSESSMENT

The funnel plots of the estimates versus the estimate pre-
cisions are shown in Figure S2A-D. The Eggers test
results showed there is no evidence of “small-study effects”
(P>0.05), suggesting that the estimates from smaller stud-
ies did not significantly differ from those from larger studies.
However, from visual assessment, the funnel plots of all out-
comes, except MV death, showed asymmetry, suggesting that
publication bias or other types of biases cannot be excluded.

DISCUSSION

Our study is the largest and most up-to-date systematic review
and meta-analysis for COVID-19 critical care outcomes, with
more than double the number of studies as the largest meta-
analyses to date.” Although the ICU and organ support out-
comes appear to have improved over time (early pandemic to
more recent cases), death rates continue to exceed 30% by any
measure. Our estimates for ventilator mortality are worse than
several other, smaller meta-analyses. Chang et al. estimated

ICU mortality at 28.5% and ventilator mortality at 43%.5 A
recent meta-analysis by Hasan demonstrated significant het-
erogeneity by region for mortality in over 10,000 COVID-19
patients with ARDS, averaging 39% overall (15-73%). We
did find that outcomes appear to be improving later in the pan-
demic as opposed to earlier, echoing the findings of the recent
meta-analysis by Armstrong et al.'” However, the high rates
of poor ICU outcomes for those patients that require organ
support remain concerning and our updated review would sug-
gest that even with improved outcomes over time, overall ICU
and organ support mortality are higher than expected. When a
physician counsels a patient or their family member regarding
prognosis it is imperative that we have current, high-quality
data, and valid comparisons. This has important implications
for patient—physician shared decision making, allocation of
resources, and the extent of societal response to the pandemic.

The mortality of mechanically ventilated COVID-19
patients appears to be much higher than that of other ICU pop-
ulations. Sepsis has an in-hospital mortality between 10% and
40% based on a Sequential Organ Failure Assessment score
of 2 points or higher.!! Severe community-acquired pneumo-
nia in a prospective cohort of 3,719 patients had a 30-day
mortality of 33% in mechanically ventilated patients.'?> The
high mortality is likely due to a high proportion of patients
who develop ARDS. Nearly 43% of patients who required
ICU level of care had ARDS. An international multicenter
observational study of 459 ICUs across 50 countries by Bel-
lani et al. determined that ARDS represented 10.4% (95%
CI, 10.0-10.7%) of ICU admissions with 40% mortality.'3
Regardless of the cause, mortality among those requiring
MYV in COVID-19 is clearly high when compared to his-
torical metrics obtained outside of epidemic or pandemic
circumstances.

Prior to COVID-19, there have been 3 recent global
viral pneumonia outbreaks: severe acute respiratory syn-
drome coronavirus (SARS-CoV) in 2002, Influenza A HIN1
(2009), and most recently Middle Eastern respiratory syn-
drome coronavirus (MERS-CoV) in 2012. Between 2002 and
2004, SARS-CoV resulted in over 8,000 admissions (20%
developed ARDS) with a CFR exceeding 9%.'*!> Intensive
care unit mortality for SARS-CoV was reportedly between
35% and 43%. Among those requiring MV, mortality was
reported to be between 52% and64%.'*~?! Wide annual vac-
cinations and existing anti-viral medications have somewhat
mitigated the impact of seasonal influenza on morbidity and
mortality.”> The 2009 Influenza A HIN1 pandemic led to
ICU admission in 9-31% of adults and mortality of 14-
27% among the critically ill with rates as high as 42% for
patients requiring MV.'3-23-28 For MERS-CoV, ICU mortal-
ity rates have been reported to be between 58% and 90% and
72% and 75% among those requiring MV.'>-?? Certainly, the
global mortality implications for COVID-19 are direr given
the drastic increase in range. The World Health Organiza-
tion has documented 854 deaths due to MERS-CoV since
2012. Coronavirus disease 2019 by contrast continues to
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spread with nearly 6.2 million deaths globally since January
2020. Clinical outcomes in a pandemic are affected by vari-
ables beyond pathogenicity, patient risk, and illness severity.
Patients treated in the first wave of a pandemic may have
worse outcomes due to supply—demand mismatch for inten-
sive care. The current pandemic has exposed limitations for
critical care disaster management at large tertiary care cen-
ters in first-world nations. Comparing critical care outcomes
between illnesses occurring in usual care settings and pan-
demics or other disasters may fail to account for these factors.
Our study adds to the literature by providing updated evidence
that COVID-19 ICU outcomes are improving as time pro-
gresses, resource shortages improve, and we gain increased
experience with this illness.

RRT has a substantial impact on resource utilization and
risk to the patient and exposure risk for providers. The need
for RRT in patients with respiratory failure portends worsened
outcomes with progression to multi-organ failure and death.>
Among critically ill COVID-19 populations, the need for RRT
has been documented in 15-58% of patients. The need for
RRT is significantly greater among patients that died com-
pared to survivors (53% versus 1%).3!:3 One recent study by
Eriksson et al. demonstrated a 90-day mortality of 45% and
ICU mortality of 39% for a population of critically ill COVID-
19 patients that required RRT.** All the patients in this study
were treated with MV. In our series, mortality in patients
requiring RRT approached 60%. Although not specified in the
studies we evaluated, our assumption from the clinical expe-
rience was that RRT rates reflected those patients that were
treated with MV and experienced worsening of their criti-
cal illness requiring additional support with RRT. The higher
mortality for RRT is consistent with that seen for other ARDS
populations.

Interventions like ECMO generally require transfer to a
specialty center and the impact on resource utilization and
provider exposure risk is immense. These patients are often
the most severely ill and have proven refractory to other
advanced interventions for ARDS. Interestingly, our data
found that ECMO mortality was lower than that of patients in
the ICU requiring RRT. Data regarding the impact of ECMO
on critically ill patients with COVID-19 are also evolving at a
rapid pace. Earlier data suggested poor outcomes in the major-
ity of cases, approaching 83% mortality.**~3¢ More recently,
outcomes look better and may mirror outcomes for other
patient populations that are placed on ECMO.?” The improved
outcomes with ECMO found in our systematic review and
meta-analysis may have a number of explanations. Patients
that are treated with ECMO are a select population and the cri-
teria for receiving ECMO have been dynamic over the course
of the pandemic and vary by local practice and resources.
These patients must have proven refractory to other inter-
ventions for ARDS, but also be considered good enough
candidates physiologically to benefit and survive following
ECMO. Several multicenter analyses of ECMO outcomes in
COVID-19 have demonstrated mortality rates similar to what
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we found in our study (40-45%). Although we did not eval-
uate outcomes in our study populations based on age, some
of the literature has demonstrated that as expected, outcomes
are improved in younger patients (30%) with worse mortal-
ity seen in older patients (50-75%).36-3% A full discussion on
the factors influencing ECMO as a treatment in COVID-19
is beyond the scope of this manuscript but worthy of further
study.

Our review has several limitations. First, it only analyzed
published data as reported in selected manuscripts. Including
those studies with patients still in the hospital likely drove the
mean mortality rates lower than they might actually have been
if all patients were followed through discharge from the hos-
pital. Hence, our outcomes associated with RRT and ECMO
were likely underreported. Second, we limited our review to
English language studies. While this choice may have limited
the scope of the data uncovered during this global pandemic,
the articles we reviewed represented a wide geographic scope.

CONCLUSION

Coronavirus disease 2019 critical care outcomes have sig-
nificantly improved since the start of the pandemic. Ventila-
tor mortality is high, approaching 70% in patients admitted
before April 30, 2020, and significantly improved, approach-
ing 40%, in patients admitted after April 30, 2020. Intensive
care unit outcomes should be evaluated contextually in terms
of study quality, data completeness, and time for the most
accurate reporting and to effectively guide mortality predic-
tions. Interventions that avoid, delay, or decrease the duration
of organ support may represent a target of opportunity to
improve outcomes.

SUPPLEMENTARY MATERIAL

Supplementary material is available at Military Medicine online.
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