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Abstract

BACKGROUND

The novel coronavirus severe acute respiratory syndrome coronavirus 2 is
associated with a severe disease known as coronavirus disease 2019 (COVID-19).
A small percentage of patients with COVID-19 will require intensive care and
possibly mechanical ventilation. The mortality of intensive care interventions in
patients with COVID-19 remains unclear.

AIM
To identify mortality rate of COVID-19 patients receiving different interventions
in the critical care unit.

METHODS

We searched OVID Medline, SCOPUS, MedRxlv, preprints.org, and Centers for
Disease Control databases from November 2019 to April 10, 2020 for articles on
COVID-19. Teams of 2 independent reviewers reviewed titles and abstract for
studies that reported mortality of human adults with COVID-19 and exposure to a
critical care intervention [Intensive care admission, mechanical ventilation, acute
hemodialysis, extracorporeal membrane oxygenation, or cardiopulmonary
resuscitation (CPR)]. We used a descriptive analysis and unweighted averages of
mortality across studies.

RESULTS
Our search identified 6973 articles and 20 met inclusion: 17 for intensive care, 13
for mechanical ventilation, 5 for hemodialysis, 2 for extracorporeal membrane
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oxygenation, and 1 for CPR. Mortality associated with intensive care admission
ranged from 9%-83%, with overall mortality 32.5% (95%CI: 32.4%-32.6%).
Mortality associated with intubation from 16.7%-100% with overall mortality
64.0% (95%ClI: 62.4%-65.5%). In patients requiring hemodialysis, mortality ranged
from 0%-100%, with average mortality 75.3% (95%ClI: 72.6%-77.4%).

CONCLUSION

Patients with COVID-19 requiring intensive care have high mortality rates.
Authorities can use this data to establish pharmacoeconomic studies to make
decisions about allocation of scarce resources if necessary.

Key Words: Coronavirus; SARS-CoV-2; COVID-19; Mortality; Systematic review;
Critical care

©The Author(s) 2021. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: This systematic review identifies the mortality associated with critical care
interventions in patients with novel coronavirus disease 2019. These include intensive
care admission, mechanical ventilation, acute hemodialysis, extracorporeal membrane
oxygenation, or cardiopulmonary resuscitation. Average mortality for intensive care
admission was 32.5%. While mortality is high, this is lower than initially described in
early reports of the pandemic. Physicians can hopefully use this data to inform
decisions about goals of care or, if necessary, allocation of scarce resources.

Citation: Davis J, Leff R, Patel A, Venkatesan S. Mortality of critical care interventions in the
COVID-19: A systematic review. World J Meta-Anal 2021; 9(1): 64-73

URL: https://www.wjgnet.com/2308-3840/full/v9/i1/64.htm

DOI: https://dx.doi.org/10.13105/wjma.v9.i1.64

INTRODUCTION

The novel coronavirus disease 2019 (COVID-19) has caused an international pandemic.
The pandemic nature of this virus is largely attributed to its virulence and high
mortality. Initial reports had mortality as high as 2% in Chinal'l; 4% in Wuhan, China
(the site of initial outbreak)”; and 6% in Italy. Later data with widespread testing
placed case fatality rate estimates closer to 1%!". Nonetheless, another major issue in
the pandemic nature of this virus is its ability to overwhelm healthcare systems,
particularly the critical care needs of healthcare systems!". This includes intensive care
beds, ventilators, and dialysis units and was particularly evident in “hot spot” areas,
for example Lombardy, Italy and New York City, New York early in the pandemic and
many other areas since.

Patients in critical care have mortality rates as high as 50%"}, and patients who
require mechanical ventilation have mortality as high as 80%. This is higher than
typical patients with viral pneumonia or acute respiratory distress syndrome, which
has mortality closer to 35%-45%!"1. Mortality with COVID-19 is much higher in the
elderly and those with comorbid conditions, hypertension, diabetes, obesity, and
heart disease®”. However, there have been young cases, without any preexisting
medical conditions, who required mechanical ventilation and died"”. Further, patients
admitted to intensive care have markedly long lengths of stay in the hospital, on the
order of weeks to months!'!l.

This overwhelming burden on healthcare systems has led to unprecedented
discussions about rationing of carel! and universal Do Not Resuscitate orders!**4.
These discussions arise in order to preserve precious healthcare resources in
overburdened systems as well as to protect healthcare workers from increased
exposure to potentially aerosolizing procedures like cardiopulmonary resuscitation,
intubation, or bag ventilation. If interventions were universally futile, the decision to
not perform them might be easier.

Nonetheless, a small percentage of patients do survive intensive care admission and
mechanical ventilation. There are even case reports of patients surviving
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extracorporeal membrane oxygenation (ECMO)"' and cardiopulmonary
resuscitation (CPR)'. Thus, these interventions, when implemented in the correct
patient population, can save lives.

In order to help inform decisions and discussions about critical care interventions in
patients with COVID-19, the authors sought to perform a systematic review of the
mortality rate of COVID-19 patients receiving different interventions in the critical
care unit.

MATERIALS AND METHODS

This study had no human subjects and was, therefore, exempt from review by th
Institutional Review Board Review. This study was conducted in accordance with
Preferred Reporting in Systematic Review and Meta-Analysis Guidelines
(PRISMA)!2, The PRISMA Checklist is available in Supplement and the research
protocol is available from the authors upon request.

Search strategy and study selection

We searched OVID Medline, SCOPUS, MedRxlv, preprints.org, and Centers for
Disease Control (CDC) databases from November 2019 to April 10, 2020. The search
used keyword terms for “COVID-19”, “SARS”, and “coronavirus”. The CDC database
was already compiled and was only filtered for English articles. An example search
strategy is available in Supplementary material. We also reviewed citations from
included articles, review articles, and suggestions from select content experts to find
relevant articles that may have been missed. Titles and abstracts from these search
methods were screened independently by 3 trained reviewers (Leff R, Patel A,
Venkatesan S). If any reviewer thought an article was potentially relevant, a full text
copy of the article was ordered and again reviewed for inclusion by these 3 authors.
Inclusion criteria were studies that evaluated human adult patients with COVID-19
and exposure to a critical care intervention, defined as either (1) intensive care
admission; (2) endotracheal intubation or mechanical ventilation; (3) acute
hemodialysis or renal replacement; (4) ECMO; or (5) CPR. Exclusion criteria included
opinions, abstracts, non-English papers, studies on children, studies with <5
participants, or studies with not enough data to address the research question. We did
plan to contact authors for updated data if data was incomplete. All authors
independently identified articles for exclusion and any discrepancies were resolved
with a consensus meeting among all 4 authors.

Data extraction and data synthesis

After title and abstract selection, a standardized abstraction form was developed by all
of the authors. Two of three authors (Leff R, Patel A, Venkatesan S) abstracted data
from the studies and compared their results for discrepancies. These were resolved by
consensus among all authors. Data included author, publication year, population,
setting, intervention, mortality, and other outcomes.

Statistical analysis

Data were tracked in Microsoft Excel® (Seattle, WA, United States). Inter-rater
reliability was assessed using accuracy and Cohen’s kappa. We used the Newcastle-
Ottawa Scale to assess risk of bias in the studies?l. Given the observational nature of
these studies without intervention, heterogeneity was not formally assessed. It is
assumed to be high. Where applicable, simple meta-analysis was performed using
raw, unweighted percentages.

RESULTS

We identified 6973 articles in our search and 20 met inclusion criterial”'** [17 for
Intensive care unit (ICU) carel””*, 13 for mechanical ventilation!>***>*1 5 for
hemodialysist*****71, 2 for ECMOF**], and 1 for CPR!"), Figure 1]. Details of each
study are presented in Table 1. We attempted to reach all authors for updated data and
received responses from one authort!. We also found an updated publication of the
report from International Care National Audit and Research Centre ICNARC) and
used the May 1% version of this report”l. All of the studies were published in 2020,
with 15 from Asial*#*»22%1, 2 from Europe®*’, 2 from the United States*?, and one
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Table 1 Studies included in a systematic review of mortality and critical care interventions in coronavirus disease 2019

Data available

Newcastle-Ottawa quality

Ret 'c"at:e“s"’e ‘“’":nct';::'::' Hemodialysis ECMO CPR scale
Bhatraju et all’! X X 4
Shao et all"®l X 6
Arentz et all*’] X 4
Cai et all*’] X X 6
Cao et al*!] X X X 6
Chen et all*! X 5
Grasselli ef all*°] X 5
Han et al”’! X 7
Huang et al”*! X 7
Intensive Care National Audit and Research X X X 5
Centrel’!

Li et all™] X X X 4
Ling et al’'] X X 6
Wang et all™”! X X 7
Wang et all*’] X X 7
Wang et all*'] X X 6
Wu et all™] X X 6
Yang et al*! X X X X 7
Zhou et all”’ X X X 7
Deng et all*"] X 6
Grein et al*] X 5

ECMO: Extracoropreal membrane oxygenation; CPR: Cardiopulmonary resuscitation.

study which included multiple regions™. The ICNARC data was the largest reported
cohort and greatly overwhelmed other studies” sample size. Given this and that overall
heterogeneity was subjectively high and there was a low number of studies, meta-
analysis was not performed for any intervention other than ICU admission or
intubation/mechanical ventilation. Quality scoring revealed generally moderate
quality observational studies (Table 1). The accuracy among two selectors was 81%,
and interrater reliability for selection was moderate at x = 0.63 (95%CI: 0.39-0.87).

ICU admission

The 17 studies on mortality in COVID-19 patients requiring ICU admission included
9828 patients”*¥l. Mortality associated with ICU admission ranged from 9% to
83%1, with overall mortality of 32.5% (3198/9828, 95%Cl: 32.4%-32.6%). However, it
is important to note that several studies still had a significant number of patients in the
hospital or ICU or did not report long term outcomes. Of studies that reported
discharge to home, 242/401 (60.3%. 95%CI: 55.5%-65.1%) patients are clearly reported
to be discharged home (Table 2). As mentioned, the ICNARC data is the largest
sample and showed a mortality rate of 33% and contributed 7542 of the 9828 patients.
The ICNARC sample only reports patients discharged from critical care (2642/7542,
35.0%, 95%Cl: 33.9%-36.1%), and not long-term disposition to home. The mortality was
similar when excluding ICNARC data (701/2286, 30.7%, 95%CI: 28.8%-32.6%).

Endotracheal intubation/mechanical ventilation
The 13 studies on mortality in COVID-19 patients requiring mechanical ventilation
included 3865 patients!”*****>7**], The mortality ranged from 16.7%" to 100%" with
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Table 2 Mortality associated with intensive care admission in coronavirus disease 2019

Ref. Died  Sent home Total patients Mortality

Bhatraju et all’] 12 3 24 50.0%

Arentz et al””] 11 21 52.4%

Cai et all”) 3 30 10.0%

Cao et all*'] 6 12 18 333%

Chen et all*! 2 22 9.1%

Grasselli et al*"] 405 1581 25.6%

Han et al”’ 3 12 15 20.0%

Huang et al”! 5 7 13 38.5%

Intensive Care National Audit and Research Centre!*’ 2497 7542 33.1%

Liet all" 4 8 50.0%

Ling et alt®!! 1 1 8 12.5%

Wang et all”’] 6 9 36 16.7%

Wang et all*’] 7 11 63.6%

Wang et all**! 133 185 344 38.7%

Wu et all”’] 44 53 83.0%

Yang et all*"! 20 52 38.5%

Zhou et all”’ 39 11 50 78.0%

Total 3198 242 9828 32.5% (average)
a mean of 64.1% (2422/3787, 95%CI: 62.4%-65.5%) (Table 3). Many patients remain
intubated or in the ICU. Of studies reporting it, there were 14% (32/322, 95%CI: 10.6%-
18.2%) of intubated patients who were eventually discharged to home. Again, the
ICNARC data contributed 3,508 of these patients with a mortality of 62.0% (2175/3508,
95%Cl: 63.6%-60.4%). The ICNARC data for this category only reports patient with an
outcome of discharged from the ICU or death. Patient still receiving mechanical
ventilation and long-term dispositions are not reported in this data. When not
including the ICNARC data, the average mortality was 77.1% (262/340, 95%Cl: 72.6%-
81.6%).
Hemodialysis/renal replacement
There were 5 studies of 1203 patients that reported outcomes of patient who received
acute hemodialysis, which included continuous renal replacement therapy or
intermittent hemodialysis*******"1 (Table 4). Mortality ranged from 0% to 100%",
with the average mortality being 75.3% (898/1193, 95%ClI: 72.6%-77.4%), with
ICNARC contributing 1163 of these patients and the ICNARC mortality being 75%
(870/1163, 95%Cl: 72.5%-77.5% ). Mortality of studies not including ICNARC data
was 80% (32/40, 95%Cl: 92.4%-67.3%). Of the remaining 8 patients not in the ICNARC
data, 7 were discharged from the hospital and one was discharged from the ICU.
ECMO
Only 2 studies met our criteria for reporting more than 5 patients who received
ECMOF*I, In these studies, the mortality was 50% (4/8)"" in one and 83% (5/6)F in
the other. Li ef al® report of the remaining 4 patients, 3 were taken off ECMO and one
is still on ECMO, and Yang et al™! report their surviving patient to be discharged from
the hospital. Several other studies included in our analysis report 100% mortality for
small numbers of patients on ECMO: 1, 2, and 301 patients. Cao ef al™ report that
of their 3 patients, 1 died and 2 were discharged from the hospital, and Grein et al*”
report that of their 4 patients, 1 was discharged home and 3 remain on ECMO.
CPR
Only 1 study reported of significant sample size on cardiac arrest. In this study of
136 patients who received CPR in the hospital, ROSC was achieved in 18 (13.2%,
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Table 3 Mortality associated with endotracheal intubation in coronavirus disease 2019

Ref. Died Total patients Mortality
Bhatraju et all’] 9 18 50.0%

Cai et all™! 3 30 10.0%
Cao et al*] 12 14 33.3%
Intensive Care National Audit and Research Centrel”’! 2175 3508 33.1%

Li et alt™"] 4 8 50.0%
Ling et al®!] 1 6 12.5%
Wang et all*”! 6 17 35.2%
Wang et all*'] 97 10 38.7%

Wu et al™] 44 67 83.0%
Yang et al*! 19 22 38.5%
Zhou et al™’] 31 32 78.0%
Deng et all*"! 21 21 100.00%
Grein et all*”] 6 34 17.6%
Total 2428 3787 64.1% (average)

Table 4 Mortality associated with hemodialysis in coronavirus disease 2019

Ref. Died Total patients Mortality

Cao et al™!! 5 6 83.3%

Intensive Care National Audit and Research Centre!”’) 870 1163 74.8%

Wang et all*’] 5 5 100.0%

Yang et al*} 8 9 88.9%

Zhou et al”’! 10 10 100.0%

Total 898 1193 75.3% (average)

JBaishideng®

95%Cl: 7.5%-18.9%) patients, of which 4 (2.9%, 95%CI: 0%-5.7%) patients were still
alive at 30 days, and 1 was reported to have a good neurologic outcome (0.7%, 95%CI:
0%-2.1%) with a cerebral performance category score of 1 or 2.

DISCUSSION

Our study is the first systematic review on outcomes in critical care patients with
COVID-19. We showed an average ICU mortality of 33% and mortality of intubated
patients of 64%. The mortality rates we found are less than those initially reported out
of China™*l, but higher than similar reports of patients with acute respiratory distress
syndrome or viral pneumonial’. Other, more intensive interventions (Hemodialysis,
ECMO, and CPR) were associated with increasing mortality.

Given the nature and spread of COVID-19, healthcare resources have been
overwhelmed. This has led some institutions to discuss appropriate allocation of these
scarce resources (i.e., ventilators, ICU beds, healthcare personnel). Many long-term
care facilities and hospitals have placed an appropriate emphasis on advanced
directives among those patients most at risk for severe disease. Our data should help
physicians quantify outcomes associated with various critical care interventions.

Some hospitals have controversially instituted universal “Do Not Resuscitate”
orders in order to conserve resources and protect healthcare resources!”'l. We only
identified one study on a large data set of patients receiving CPR. This showed only
1/136 patients (0.7%) who required CPR survived neurologically intact. This supports
the concept that CPR is largely, though not universally futile. Given that there is also
risk to healthcare workers, institutions should proactively work to identify which
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Figure 1 The Preferred Reporting in Systematic Review and Meta-Analysis Guidelines flow diagram for a systematic review of mortality
and critical care interventions in coronavirus disease 2019.

patients with COVID-19 would benefit from CPR. For example, ventilated patients
who suffer hypoxic arrest probably have little to gain from CPR, unless it is a bridge to
some other form of oxygenation like ECMO.

Of course, decisions regarding patient care and limitations must also be
personalized to individual patients. Unfortunately, given the summary nature of our
data, it cannot be used to express a patient’s individual risk. This will be based on
many factors, including age and comorbidities which are not included in our analysis.
Mortality alone is also not the only prognostic outcome of interest to many patients.
Further, beyond prognosis, decisions regarding care limitations must also consider a
patient’s functional status and preferences and values.

One of the most important limitations of our analysis is that many patients
remained in the ICU at the time of this analysis. This undoubtedly leads to incomplete
estimates of mortality. Of the studies that reported data, we attempted to include data
on patients discharged from the hospital, as well. We also attempted to reach authors
for updated data in this regard, but only received a response from one author. There
have also been reported concerns regarding duplicate publications of data, which
could lead to overrepresentation of some samples!*l. Some analyses are influenced by
a few large data sets (i.e., ICNARC), but it is reassuring that mortality estimated
remain nearly the same when not including this data. Finally, the data on COVID-19
continues to rapidly evolve, and treatment paradigms continue to change. Therefore, it
is possible that mortality may improve as treatments improve.

CONCLUSION

In conclusion, COVID-19 is a novel disease process, which is associated with high
mortality in those patients requiring critical care. The intensity of intervention seems
to be associated with increasing mortality. Clinicians should consider this data, along
with patient-specific factors, when deciding which intensive care interventions to
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initiate. Complete data considering disposition of all patients will improve our
understanding of the prognosis of this new disease process.
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Research background

The novel coronavirus disease 2019 (COVID-19) has ravaged humans across the globe.
Mortality is high, especially in the most critically ill patients. Due to the pandemic
nature of the virus, some locations have been forced to ration resources.

Research motivation

Critical care is, by nature, highly resource intensive. With limited resources and an
overwhelming number of critically ill patients in some communities, discussions about
rationing limited resources have begun. Fundamental to these discussions is
understanding the probability of survival of the most intensive interventions.

Research objectives

Our objective was to identify, via systematic review, the mortality rate of COVID-19
patients receiving different interventions in the critical care unit, namely intensive care
admission, mechanical ventilation, acute hemodialysis, extracorporeal membrane
oxygenation, or cardiopulmonary resuscitation.

Research methods

We conducted a systematic review of several databases using accepted systematic
review methods to identify the mortality rate of COVID-19 patients receiving intensive
care admission, mechanical ventilation, acute hemodialysis, extracorporeal membrane
oxygenation (ECMO), or cardiopulmonary resuscitation (CPR). Studies included were
observational.

Research results

Our search identified 20 studies overall. Mortality associated with intensive care
admission averaged 32.5%. Mortality associated with intubation averaged 64.0%. In
patients requiring hemodialysis, mortality averaged 75.3%. There were limited studies
on ECMO and CPR. The one study on CPR showed only 0.7% (1/136) had a good
neurologic outcome.

Research conclusions

Mortality among COVID-19 patients requiring intensive care is high, though not as
high as initially reported. This information can be used to guide goals of care of
individual patients and system level discussion about rationing scarce resources when
locales are overwhelmed.

Research perspectives

Critical care does have a high, but certainly not universal, mortality rate. Further
research should identify individual risk factors for poor outcome among patients
requiring critical care. CPR, though, appears to have low chance of survival. The
decision to perform CPR on critically ill patients should be very carefully considered.
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