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Abstract

Introduction

The COVID-19 pandemic required careful management of intensive care unit (ICU) admis-
sions, to reduce ICU overload while facing limitations in resources. We implemented a stan-
dardized, physiology-based, ICU admission criteria and analyzed the mortality rate of
patients refused from the ICU.

Materials and methods

In this retrospective observational study, COVID-19 patients proposed for ICU admission
were consecutively analyzed; Do-Not-Resuscitate patients were excluded. Patients pre-
senting an oxygen peripheral saturation (SpO,) lower than 85% and/or dyspnea and/or
mental confusion resulted eligible for ICU admission; patients not presenting these criteria
remained in the ward with an intensive monitoring protocol. Primary outcome was both
groups’ survival rate. Secondary outcome was a sub analysis correlating SpO, cutoff with
ICU admission.

Results

From March 2020 to January 2021, 1623 patients were admitted to our Center; 208 DNR
patients were excluded; 97 patients were evaluated. The /CU-admitted group (n = 63) mor-
tality rate resulted 15.9% at 28 days and 27% at 40 days; the ICU-refused group (n = 34)
mortality rate resulted 0% at both intervals (p < 0.001). With a SpO, cut-off of 85%, a signifi-
cant correlation was found (p = 0.009), but with a 92% a cut-off there was no correlation with
ICU admission (p = 0.26). A similar correlation was also found with dyspnea (p = 0.0002).

Conclusion

In COVID-19 patients, standardized ICU admission criteria appeared to safely reduce ICU
overload. In the absence of dyspnea and/or confusion, a SpO, cutoff up to 85% for ICU
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admission was not burdened by negative outcomes. In a pandemic context, the SpO, cutoff
of 92%, as a threshold for ICU admission, needs critical re-evaluation.

Introduction

In a dramatic situation such as the COVID-19 pandemic, a careful definition of the intensive
care unit (ICU) admission criteria is required [1], with the aim to avoid inappropriate
resources abuse and to provide adequate patient-tailored management. Clinicians should in
fact distinguish between patients who will benefit from ICU admission and those who are
unlikely to benefit from it, in order to avoid inappropriately invasive and traumatic measures
in those at high risk for poor outcome despite intensive treatment [1-3]. In this regard, triage
regulations based on appropriate and accepted ethical principles have been developed in Swit-
zerland, in order to reserve ICU admission only to those who will actually benefit from an
intensive medical intervention [4].

Due to the out-of-ordinary pandemic situation, with the concomitant lack of human and
material resources, it was relevant to define clear guidelines for ICU admission, with rules
respecting ethical principles and structured on the health-system specific medical resources
and ICU limits [4]. As a consequence of this peculiar setting, restricting decisions were neces-
sary [5].

Patients affected by SARS-CoV-2 interstitial pneumonia often present with tachypnea and
desaturation without dyspnea or respiratory distress, defined as “silent hypoxemia” [6, 7]. The
SpO; equal or less than 92%, despite maximum oxygen supplementation with a rebreathing
mask, is usually defined as the indication of mechanical ventilation [8-11]. However, during
the emerging pandemic, preliminary empirical experience showed that patients with SpO,
lower than 92% presented with a good tolerance to the silent hypoxemia. For this reason, the
SpO, threshold of 85% was arbitrarily determined by our group as definition of silent hypox-
emia, which is in accord with the findings of Sohrabi C et al [6] and Harutyunyan et al [7].

We conceived and implemented a standardized procedure in our COVID-19 Center in
South Switzerland, based on well-determined criteria for ICU admission, which were mainly
based on patient’s respiratory pathophysiology. Aim of this study was to analyze the mortality
rate and the clinical characteristics of patients assessed for eventual ICU admission, based on
these established criteria.

Materials and methods
Study population and data

A retrospective analysis was conducted on consecutive patients with acute respiratory distress
syndrome due to COVID-19 pneumonia, triaged for ICU admission from March 2020 to Jan-
uary 2021 in a single COVID-19 center. According to WHO guidelines [12], SARS-COV-2
laboratory confirmation was defined as a positive result of real-time reverse transcriptase-poly-
merase chain reaction (RT-PCR) on nasal and pharyngeal swabs. After in-hospital admission,
according to the Swiss Academy of Medical Sciences (SAMS) criteria [5, 8], patients were
assigned a Do-Not-Resuscitate (DNR) order if they satisfied the following criteria: endotra-
cheal intubation refusal, hypoxia-related cardiocirculatory arrest, ongoing metastatic oncologi-
cal disease, end-stage neurodegenerative disease and severe, irreversible chronic diseases like
heart failure NYHA IV, COPD GOLD D, liver cirrhosis Child-Pugh > 8, and severe dementia.
These patients were consequently excluded from the possibility of ICU admission and were
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instead followed by specialists in palliative care, as well as treated according to current stan-
dards [9]. They were not further referred for consultation regarding ICU admission during
their hospital stay.

For a standardized evaluation of patients admitted to the hospital who resulted eligible for
ICU admission, the Early Warning Score (EWS) was applied by nursing and medical staff [9,
10]. The daily frequency of EWS evaluation was performed based on the patients’ clinical con-
dition: for EWS less than 4, the evaluation was performed four times a day, while for EWS
greater than 5, the evaluation was performed up to twice an hour [9]. For EWS equal or greater
than 7, an Intensivist consultation was required.

ICU evaluation criteria

With the aim to quickly identify patients with worsened clinical conditions [5, 11] and to
avoid ICU overload, the Intensivist Consultant evaluated patient’s symptoms, peripheral oxy-
gen saturation (SpO5,), blood gas analysis values and clinical status. Patients with a partial
respiratory failure with a SpO, lower than 85% at maximum oxygen supplementation with
non-rebreathing mask and new onset dyspnea (and/or new onset mental confusion) were eli-
gible for ICU admission (ICU-admitted group). Dyspnea was defined as a sensation of new
onset subjectively reported by the patient and confirmed with a functional assessment scales,
such as MRC 5 as dyspnea at rest [13]. Patients admitted to the ICU immediately underwent
endotracheal intubation and invasive mechanical ventilation as standard of care. Patients who
did not meet the previously mentioned ICU inclusion criteria (ICU-refused group) were fol-
lowed in their clinical course until the ICU criteria were met or a clinical improvement was
achieved. DNR patients, as previously mentioned, were not included in these evaluations. The
mortality rate of both groups at 28 and 40 days was compared thereafter. Demographics, clini-
cal data and laboratory/radiological results collected during patient’s hospitalization were
extrapolated from electronic health records.

Outcomes

Primary endpoint was the determination of the survival rate in ICU-refused and ICU-admitted
groups at 28 and 40 days, further comparing the mortality rate between two groups. Secondary
endpoint was a comparison between the two groups in relation to clinical and biological
aspects, in order to determine any predictive variables associated with ICU admission. These
included demographic characteristics (such as age, gender, body-mass-index—BMI), comor-
bidities (such as arterial hypertension, ischemic heart disease, diabetes, obstructive sleep apnea
syndrome—OSAS—and chronic obstructive pulmonary disease—COPD), hemodynamic and
respiratory parameters (systolic and diastolic blood pressure, heart rate, temperature, lactate,
SpO,, partial pressure of oxygen—pQO,, partial pressure of carbon dioxide -pCO,, the need for
oxygen therapy and the presence of dyspnea at ICU admission) and prognostic score system
like SAPS, NEMS and SOFA. Although these scores are specific for the ICU evaluation, we
applied them to the ICU-refused group at the day of the Intensivist Consultation to verify and
stratify the severity of their disease. A specific analysis on patients’ hypoxia distribution
between two groups according to SpO, cut-offs of 92% [14-17] vs 85% was also performed.

Statistical analysis

Descriptive statistic was performed to summarize the collected clinical data. Data were pre-
sented as mean (SD) or median (IQR) for continuous variables, according to data distribution,
and as absolute number (and percentage) for categorical variables; data distribution was veri-
fied by Kolmogorov-Smirnov test and Shapiro-Wilk test. Differences between patient
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outcomes were studied by t-test for independent groups or by Mann-Whitney test if non-
parametric analysis was required. Similarly, comparison of clinical evolution over time was
performed by t-paired test or by non-parametric Wilcoxon test, depending on data distribu-
tion. Study of differences between groups of categorical data was carried out by Chi-square sta-
tistics. In order to calculate a posterior probability to ICU admission according to clinical
binomial data used for patients selected during ICU consultation, a Bayesian analysis of con-
tingency tables were performed. Kaplan-Meier analysis was used to study patients’ survival
with the Cox-Mantel log-rank test to ascertain differences between the groups, analyzing all
event by time to ICU admission. All Intervals of Confidence (CI) were established at 99%; sig-
nificance level was established to be < 0.01. Statistical data analysis was performed using the
SPSS.26 package (SPSS Inc., Armonk, NY; USA).

Ethics committee permissions

This study has been approved by the Ethics Committees of Canton Ticino (Comitato Etico
Cantonale, CE_TI_3807), according to the local Federal rules. No funding has been required.

Results

During the study period 1623 patients were admitted to our COVID-19 center (Fig 1); two-
hundred and eight DNR patients were excluded from the analysis. Of the remaining 1415
patients, 100 (7%) underwent Intensivist Consultation during their hospitalization; three (3%)
patients refused to give informed consent to their data treatment and were therefore excluded
(Fig 1). Demographics and patients’ characteristics at consultation are summarized in Table 1.
Of the 100 patients undergoing Intensivist consultation, sixty-three (65%) presented one or
more ICU admission criteria and were therefore admitted to the ICU (ICU-admitted group),
while thirty-four (35%), who did not present the aforementioned criteria (ICU-refused group),
remained under strict follow-up out of ICU (Fig 1). All data groups are depicted in Table 1.

Clinical and biological comparison

In the ICU-admitted versus ICU-refused comparison (Table 1), no significant difference was
found in relation to age, BMI, pO,, pCO,, lymphocytes count, CRP, creatinine kinase, total bil-
irubin, lactate and hemoglobin levels. There were more females in the ICU-refused group, with
lower LDH and higher platelet counts. No significant difference was found concerning the
presence of ischemic cardiomyopathy, diabetes and COPD. Concerning hemodynamics
parameters at admission, such as systolic and diastolic blood pressure) and body temperature
we could not find significant difference between the two groups. Patients in the ICU-admitted
group were more prone to arterial hypertension. The rest of the collected data are reported in
Table 1. In the ICU-admitted group the length of hospital stay (LOS) resulted 26+18 days
(min-max 2-79) while in the ICU-refused group resulted 20+9 days (min-max 9-47, p = 0.04).

Survival rate analysis

At 28 days, the ICU-refused group mortality rate was 0%; all ICU-refused patients’ clinical con-
dition eventually improved and at forty days from the intensivist consultation some of the
patients were already discharged from the hospital. For ICU-admitted group, the 28-days mor-
tality rate was 15.9% (10 patients), increasing up to 27% (17 patients) at 40 days (Fig 1). Com-
paring the 28- and 40-days survival rate, a difference in favor of the ICU-refused group was
found (Fig 2).
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In-hospital patients

(n=1623)
> DNR patients
(n =208)
v
Intensivist Consultation — Denied ICF
(n = 100) (n=3)
" )
Criteria:
Sp0:<85% / dyspnea
/)

ICU-admitted group ICU-refused group
n =63 (64.9%) n =34 (35.1%)
Death rate at 28 days Death rate at 28 days

n=10 (15.9%) n=0(0%)
Death rate at 40 days Death rate at 40 days
n=17 (27%) n=0(0%)

Fig 1. Study design. Management of COVID-19 patients evaluated at our COVID-19 center from March 2020 to January 2021. ICU admission was
allowed according to standardized criteria. Patients not admitted followed according to EWS score, to quickly identify any change in their medical
status. Death rate at 28 and 40 days is reported.

https://doi.org/10.1371/journal.pone.0260318.g001

Hypoxia distribution rate

Using the SpO, cut-off of 92%, the distribution of the hypoxia rate in both groups did not
seem to correlate with ICU admission (Table 2). In the ICU-admitted group, out of 63 patients
52 (82%) presented a SpO, lower than 92% (Fig 3); similarly, 24 patients (71%) of the ICU-
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Table 1. Baseline characteristics at intensivist consultation.

ICU admitted ICU refused p value
DEMOGRAPHIC DATA
Number n (%) 63 (65) 34 (35)
Age years 69 + 9 (38-89) 70 + 13 (31-93) 0.87
Male n (%) 53 (80) 18 (53) < 0.001*
BMI kg/m2 28.0 (24.6-32.3) 27.9 (24.3-31.0) 0.63
SAPS 42 (33-56) NA -
NEMS 31.0 £ 9.5 (18.0-39.0) NA -
SOFA score points 4(3-4) 2(0-2) 0.02*
P/F ratio points 4 (3-5) 2 (0-2) 0.03*
Platelets points 0(0-1) 0 (0-0) 0.99
Total Bilirubin points 0 (0-0) 0 (0-0) 1
Arterial Pressure points 0 (0-0) 0 (0-0) 1
GCS points 0 (0-0) 0 (0-0) 1
Creatinine points 0(0-1) 0(0-1) 0.99
COMORBIDITIES
Arterial Hypertension n (%) 42 (67) 16 (47) < 0.001*
Ischemic cardiopathy n (%) 18 (29) 8 (24) 0.57
Diabetes n (%) 23 (37) 11 (32) 0.69
OSAS n (%) 10 (15.9) 0 -
COPD n (%) 9 (14) 6 (18) 0.59
HEMODYNAMICS
Systolic arterial pressure mmHg 127 (115-140) 124 (109-151) 0.61
Diastolic arterial pressure mmHg 65 (60-72) 68 (57-74) 0.58
Heart Rate bpm 87 (77-100) 78 (69-86) 0.13
Temperature °C 36.8 (36.2-37.9) 36.4 (36.0-37.3) 0.15
Lactate mmol/L 1.6 + 1.1 (0.5-6.9) 1.2 (0.9-1.5) 0.20
RESPIRATORY
SpO, % 88 (55-100) 90 (88-93) 0.001*
pO- mmHg 58 (49-81) 64 (56-76) 0.07
pCO, mmHg 35 (32-44) 34.5(31-39) 0.81
Hemoglobin g/L 13.9+ 1.7 (9.8-17.5) 13.4 (11.9-14.8) 0.69
LABORATORY
ASAT U/L 49 (44-85) 45 (34-68) 0.97
ALAT U/L 38 (33-54) 35 (22-52) 0.59
Leucocyte G/L 9.1+2.0(2.3-12.3) 5.8 (4.0-8.7) 0.04*
Lymphocyte G/L 0.6 (0.4-0.6) 0.7 (0.4-1.1) 0.19
C-Reactive-Protein mg/L 135 (116-237) 90 (53-170) 0.82
Ferritin ng/mL 1781(1308-4320) 1397 (699-2082) 0.23
LDH U/L 598 + 213 (416-1048) 375 (321-468) 0.05"
Creatinine umol/L 110 + 9 (50-410) 73 (60-102) 0.23
Creatinine Kinase U/L 267 (172-573) 214 + 330 (12-1611) 0.26
Platelets G/L 198 (150-254) 264 (175-330) 0.03*
Total Bilirubin umol/L 9.1 (7.1-16.5) 7.4 (5.5-10.2) 0.21

Data comparison between ICU-admitted and ICU-refused groups regarding clinical and biological data. Continuous measurements are presented as mean + SD (min-

max), otherwise as median (25-75™ interquartile) if they are not normally distributed. Categorical variables are reported as counts and percentages.

https://doi.org/10.1371/journal.pone.0260318.t001
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Fig 2. Groups’ survival. Kaplan-Meier survival at 40 days according to outcome of Intensivist consultation (ICU-admitted versus ICU-refused), based
on the presence of dyspnea and/or confusion and/or SpO; less than 85%. No patients presented mental confusion as criteria for ICU admission.

https://doi.org/10.1371/journal.pone.0260318.9002

refused group presented a SpO, lower than 92%. An identical distribution according to SpO,
cut-off value of 92% between the two groups was found (Chi-square 1.85, df = 1 p = 0.26).
However, using the SpO, cut-off at 85% (Table 2), a significant correlation was found between
SpO; < 85% distribution and ICU-admission. A similar correlation was also found between
symptomatic dyspnea distribution and ICU-admission; the Chi square was 13.1 (df =1,

p = 0.0002) and the odds ratio (OR) to be admitted to the ICU in case of dyspnea resulted 4.86
(CI95%, 1.95-12.10). In none of the patients were mental confusion present on assessment by
the intensivists.

Table 2. Patients’ distribution at consultation.

ICU-admitted ICU-refused P value
Dyspnea Yes 41 (42.2%) 9 (9.3%) p = 0.0002
No 22 (22.7%) 25 (25.8%)
SpO, < 92% Yes 52 (53.7%) 24 (24.7%) p=0.26
No 1(11.3%) 10 (10.3%)
SpO, < 85% Yes 23 (23.7%) 4 (4.1%) p =0.009
No 40 (41.2%) 30 (30.9%)

ICU admission criteria distribution in patients affected by COVID-19 pneumonia at the time of Intensivist consultation, according to outcome (ICU-admitted/refused).
No patients presented mental confusion as criteria for ICU admission.

https://doi.org/10.1371/journal.pone.0260318.t002
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Fig 3. Patients SpO, distribution. Prevalence of SpO, distribution in patients at the Intensive Care consultation, stratified according to ICU
admission (ICU-admitted, ICU-refused). In the ICU-admitted group, 52 of 63 patients (82%) presented a SpO, less than 92%; in the ICU-refused
group, 24 of 34 patients (71%) presented a SpO; less than 92%. Chi-square analysis confirmed the identical distribution (p value = 0.26). Nearly
a quarter of patients in the ICU-refused group presented a SpO, lower than 92%, without any ICU specific inclusion criteria, and their clinical
conditions progressively improved.

https://doi.org/10.1371/journal.pone.0260318.9003

Using a SpO, of 92% as a hypothetical cut-off allowing ICU admission, the OR for patients
with SpO, lower than 92% compared to those with SpO, greater than 92% resulted 1.96 (CI
95%, 0.73-5.26). Conversely, using SpO, of 85% as a cut-off point, the OR to be admitted to
the ICU for patients with SpO, lower than 85% resulted 4.31 folds higher than those with SpO,
higher than 85% (CI 95%, 1.33-13.79). According to these data, the Bayesian post-test proba-
bility predicting model indicated that the probability to be admitted to the ICU for a SpO, cut-
off value of 92% is equal to 69.5%; the same probability increased up to 85.3% when the SpO,
cut-off value was changed to 85%.

Discussion

Acute respiratory distress induced by SARS-CoV-2 is a critical condition associated with the
COVID-19 pandemic [18, 19]. In order to minimize the high mortality rate associated with
the disease, the adequate hospital management must also require a well-structured triage and
frequent patients’ clinical evaluations [10, 20]. With the aim to avoid ICU overload and to
ensure simultaneously adequate medical care, we defined standardized ICU admission criteria
based on partial respiratory failure with SpO, lower than 85% and/or dyspnea. To better man-
age patients presenting silent hypoxemia [6, 7], even in the case of SpO, lower than 92%, a con-
servative approach based on strict in-ward surveillance and regular EWS measurement [5, 9,
10] was implemented, until an eventual onset of dyspnea or of SpO, below 85% allowed ICU
admission. An increased pulmonary compliance is probably the main explanation for the
silent hypoxemia in these patients [9], although further mechanisms have been proposed [21,
22]. Following these criteria, none of the 34 patients not admitted to the ICU died at 28 days
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follow-up; all the patients improved their clinical status and all of them were subsequently
discharged.

Our data suggest that in COVID-19 patients there is a low correlation between dyspnea and
SpO, with a cut-off value of 92%. The most interesting finding was that the ICU-refused and
the ICU-admitted groups presented a similar SpO, lower than 92% distribution. According to
the patients’ distribution, the cause of ICU admission in patients with SpO, greater than 92%
was due to the onset of either dyspnea and/or mental confusion, confirming the lack of corre-
lation between SpO, values and the subjective feeling of shortness of breath. Similarly, there
was a significant percentage of patients with SpO, lower than 92% who were not admitted to
the ICU, due to the absence of dyspnea and/or confusion; all of them were subsequently dis-
charged alive and in good general condition, with a median LOS shorter than ICU-admitted
patients. These data allow us to speculate that, in a pandemic scenario, the criteria for ICU
admission based on patient’s respiratory pathophysiology resulted the more appropriate. All
the collected data induce us to implement a physiology-based approach, relating to signs and/
or symptoms of hypoxia together with SpO, values, as the more appropriate to define ICU
admission criteria. Probably, we should not just look at the degree of hypoxemia, but for a bet-
ter patients management we should also evaluate patients’ work of breathing, respiratory
mechanics and degree of respiratory distress. The presence of patients without hypoxia-related
signs or symptoms despite SpO, less than 92%, and the absence of mortality in this group sug-
gests that the SpO, cut-off of 92% as a threshold for ICU admission in the COVID-19 context
requires future re-evaluation.

A further effect of this management was the reduction of ICU-workload for healthcare pro-
fessionals, which has been shown to pose a great risk for ICU-healthcare burnout [23, 24], a
problem gaining uttermost importance in dramatic situations such as the COVID-19 pan-
demic, which are subject to lack of human and material resources. A more careful manage-
ment regarding ICU-admission could allow a better management both of patients that will
benefit from an intensive medical intervention than patients that do not require ICU
hospitalization.

One major concern regards the increased risk of peri-intubation events related to higher
level of hypoxemia in ICU-admitted group [24], possibly induced by a prolonged observation
period in the ward. Before the evaluation for ICU admission, patients were treated with oxygen
therapy with mask and/or mask with reservoir bag in the ward; after ICU admission, patients
were immediately intubated, using the HFNC/NIV as a bridge therapy to IMV. One could
argue that in this scenario, the ICU admission was delayed but resulted earlier endotracheal
intubation, where the bridge therapy allowed to achieve higher pO, and SaO, values during
the peri-intubation period. This strategy could explain the reason of absence of peri-intubation
major adverse events related such as profound hypoxemia and/or cardiovascular instability
[24, 25]. It is also important to note that no patient had to be admitted as a delayed admission
to the ICU from the ICU-refused group. This could be a true positive signal but may also be
affected by the relatively small sample size, hence it needs further validation.

Our study has several limitations. First, it was a monocentric, observational, retrospective
study, with a relatively small series of patients and a lack of direct comparison with a control
group. However, a stronger evaluation of our method was supplied by its application to the
two different waves of COVID-19 pandemic. Second, the two groups were not completely
homogeneous, differing in male sex incidence, arterial hypertension rate and serum CRP val-
ues; however, none of these values was used as criteria for decision making during the intensi-
vist consultation. Male sex [25], arterial hypertension [26, 27], leukocytosis [27] and LDH
increase [27] may possibly be interpreted as risk factors [28] for ICU admission, rather than
predicting factors; moreover, the key-message concerning the absence of mortality in the ICU-
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refused group, whose classification criteria did not involve these non-homogeneous parame-
ters, remains intact. Third, patients admitted to the ICU were treated immediately with IMV
according to our internal protocols. Although some studies suggest other alternatives, such as
HFNC and/or NIV during early ICU management for critically ill COVID-19 patients, this
topic remains controversial [29, 30]. Finally, we are unable to define whether the SpO, cut-off
of 85% was the absolute best criteria to identify patients needing ICU-admission; although our
study suggests that the SpO, 92% threshold was unreliable in COVID-19 patients, it was not
designed to specifically identify the best SpO, threshold for ICU admission.

Conclusion

In COVID-19 patients, standardized ICU admission criteria appeared to be a safe method to
reduce ICU-admission, simultaneously guaranteeing a high standard of care. In case of silent
hypoxemia, even with SpO, lower than 92%, a conservative approach based on strict surveil-
lance with regular EWS measurement in the ward was not associated with increased mortality.
All collected data induce us to consider a physiology-based approach to guide ICU admission
as the more appropriate during pandemics. The absence of hypoxia-related signs and/or symp-
toms, despite SpO, less than 92%, suggests that this SpO, cut-off as the threshold for COVID-
19 patients’ ICU admission needs further re-evaluation.

Supporting information

S1 Table. Baseline characteristics between all ICU patients and patients admitted in ICU
from Intensivist consultation.
(DOCX)

S1 Dataset.
(XLSX)

Author Contributions

Conceptualization: Samuele Ceruti, Andrea Glotta, Maira Biggiogero.
Data curation: Pier Andrea Maida, Martino Marzano.

Formal analysis: Samuele Ceruti, Andrea Glotta, Patrizia Urso.
Supervision: Samuele Ceruti, Christian Garzoni, Zsolt Molnar.

Writing - original draft: Samuele Ceruti, Andrea Glotta, Giovanni Bona.

Writing - review & editing: Maira Biggiogero, Giovanni Bona, Zsolt Molnar.

References

1. Packham V, Hampshire P. Critical care admission for acute medical patients. Clin Med J R Coll Physi-
cians London. 2015; 15: 388—391. https://doi.org/10.7861/clinmedicine.15-4-388 PMID: 26407393

2. Peigne V, Somme D, Guérot E, Lenain E, Chatellier G, Fagon JY, et al. Treatment intensity, age and
outcome in medical ICU patients: results of a French administrative database. Ann Intensive Care.
2016; 6: 1-8.

3. Nates JL, Nunnally M, Kleinpell R, Blosser S, Goldner J, Birriel B, et al. ICU admission, discharge, and
triage guidelines: A framework to enhance clinical operations, development of institutional policies, and
further research. Crit Care Med. 2016; 44: 1553—1602. https://doi.org/10.1097/CCM.
0000000000001856

PLOS ONE | https://doi.org/10.1371/journal.pone.0260318  November 29, 2021 10/12


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0260318.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0260318.s002
https://doi.org/10.7861/clinmedicine.15-4-388
http://www.ncbi.nlm.nih.gov/pubmed/26407393
https://doi.org/10.1097/CCM.0000000000001856
https://doi.org/10.1097/CCM.0000000000001856
https://doi.org/10.1371/journal.pone.0260318

PLOS ONE

Physiology based criteria in COVID-19 patients ICU admission

10.

11.

12.

13.

14.

15.
16.

17.

18.

19.

20.

21.

22,

23.

24,

Suter Peter M. Good rules for ICU admission allow a fair allocation of resources, even in a pandemic.
Swiss Medical Weekly. EMH Swiss Medical Publishers Ltd.; 2020. https://doi.org/10.4414/smw.2020.
20230

Swiss Academy Of Medical Sciences. COVID-19 pandemic: triage for intensive-care treatment under
resource scarcity. Swiss Med Wkly. 2020; 150: w20229. https://doi.org/10.4414/smw.2020.20229

Sohrabi C, Alsafi Z, O'Neill N, Khan M, Kerwan A, Al-Jabir A, et al. World Health Organization declares
global emergency: A review of the 2019 novel coronavirus (COVID-19). Int J Surg. 2020; 76: 71-76.
https://doi.org/10.1016/j.ijsu.2020.02.034 PMID: 32112977

Harutyunyan GGG, Harutyunyan GGG, Mkhoyan G, Harutyunyan V, Soghomonyan S, Daniel Y, et al.
Haemoglobin oxygen affinity in patients with severe COVID-19 infection: Still unclear. Br J Haematol.
2020; 190: 725-726. https://doi.org/10.1111/bjh.17051 PMID: 32866279

Societé Suisse de Médecine Intensive. DIRECTIVES MEDICO-ETHIQUES Mesures de soins intensifs.
2013.

Liao X, Wang B, Kang Y. Novel coronavirus infection during the 2019-2020 epidemic: preparing inten-
sive care units—the experience in Sichuan Province, China. Intensive Care Med. 2020; 46: 357—360.
https://doi.org/10.1007/s00134-020-05954-2 PMID: 32025779

Bouadma L, Lescure FX, Lucet JC, Yazdanpanah Y, Timsit JF. Severe SARS-CoV-2 infections: practi-
cal considerations and management strategy for intensivists. Intensive Care Med. 2020; 46: 579-582.
https://doi.org/10.1007/s00134-020-05967-x PMID: 32103284

Fumagalli J, Santiago RRS, Teggia Droghi M, Zhang C, Fintelmann FJ, Troschel FM, et al. Lung
Recruitment in Obese Patients with Acute Respiratory Distress Syndrome. Anesthesiology. 2019; 130:
791-803. https://doi.org/10.1097/ALN.0000000000002638 PMID: 30844949

World Health Organization. Clinical management of severe acute respiratory infection when novel coro-
navirus (2019-nCoV) infection is suspected: interim guidance 28 January 2020. Who. 2020. WHO/
2019-nCoV/clinical/2020.5%0ACC BY-NC-SA 3.0 IGO%0AWHO/2019-nCoV/clinical/2020.5%0ACC
BY-NC-SA 3.0 IGO%0A https://apps.who.int/iris/handle/10665/330893e

Williams N. The MRC breathlessness scale. Occupational medicine (Oxford, England). Occup Med
(Lond); 2017. pp. 496—497. https://doi.org/10.1093/occmed/kqx086 PMID: 28898975

Nous M, Selon PS, Spo U. Nouvelles recommandations de la SSMI sur | * oxygénothérapie pour les
patients COVID-19. 2020; 60—61.

Supplemental Oxygenation. https://covidprotocols.org/quick-guides

Frat JP, Thille AW, Mercat A, Girault C, Ragot S, Perbet S, et al. High-flow oxygen through nasal can-
nula in acute hypoxemic respiratory failure. N Engl J Med. 2015; 372: 2185-2196. https://doi.org/10.
1056/NEJMoa1503326 PMID: 25981908

Alhazzani W, Mgller MH, Arabi YM, Loeb M, Gong MN, Fan E, et al. Surviving Sepsis Campaign: guide-
lines on the management of critically ill adults with Coronavirus Disease 2019 (COVID-19). Intensive
Care Med. 2020; 46: 854—887. https://doi.org/10.1007/s00134-020-06022-5 PMID: 32222812

Poston JT, Patel BK, Davis AM. Management of Critically Ill Adults with COVID-19. JAMA—Journal of
the American Medical Association. American Medical Association; 2020. pp. 1839—1841. https://doi.
org/10.1001/jama.2020.4914 PMID: 32215647

Gattinoni L, Quintel M, Marini JJ. “Less is More” in mechanical ventilation. Intensive Care Med. 2020;
46: 780—782. https://doi.org/10.1007/s00134-020-05981-z PMID: 32162029

Xie J, Tong Z, Guan X, Du B, Qiu H, Slutsky AS. Critical care crisis and some recommendations during
the COVID-19 epidemic in China. Intensive Care Med. 2020; 46: 837—840. https://doi.org/10.1007/
s00134-020-05979-7 PMID: 32123994

Gattinoni L, Coppola S, Cressoni M, Busana M, Rossi S, Chiumello D. COVID-19 does not lead to a
“typical” acute respiratory distress syndrome. American Journal of Respiratory and Critical Care Medi-
cine. American Thoracic Society; 2020. pp. 1299—-1300. https://doi.org/10.1164/rccm.202003-0817LE
PMID: 32228035

Bendjelid K, Raphaél G. Treating hypoxemic patients with SARS-COV-2 pneumonia: Back to applied
physiology. In: Anaesthesia Critical Care and Pain Medicine [Internet]. Elsevier Masson SAS; 1 Jun
2020 [cited 5 Oct 2020] pp. 389-390. https://doi.org/10.1016/j.accpm.2020.04.003 PMID: 32305591

Pastores SM, Kvetan V, Coopersmith CM, Farmer JC, Sessler C, Christman JW, et al. Workforce,
Workload, and Burnout among Intensivists and Advanced Practice Providers: A Narrative Review. Crit
Care Med. 2019; 47: 550-557. https://doi.org/10.1097/CCM.0000000000003637 PMID: 30688716

Chuang CH, Tseng PC, Lin CY, Lin KH, Chen YY. Burnout in the intensive care unit professionals: A
systematic review. Med (United States). 2016; 95: €5629. https://doi.org/10.1097/MD.
0000000000005629 PMID: 27977605

PLOS ONE | https://doi.org/10.1371/journal.pone.0260318  November 29, 2021 11/12


https://doi.org/10.4414/smw.2020.20230
https://doi.org/10.4414/smw.2020.20230
https://doi.org/10.4414/smw.2020.20229
https://doi.org/10.1016/j.ijsu.2020.02.034
http://www.ncbi.nlm.nih.gov/pubmed/32112977
https://doi.org/10.1111/bjh.17051
http://www.ncbi.nlm.nih.gov/pubmed/32866279
https://doi.org/10.1007/s00134-020-05954-2
http://www.ncbi.nlm.nih.gov/pubmed/32025779
https://doi.org/10.1007/s00134-020-05967-x
http://www.ncbi.nlm.nih.gov/pubmed/32103284
https://doi.org/10.1097/ALN.0000000000002638
http://www.ncbi.nlm.nih.gov/pubmed/30844949
https://apps.who.int/iris/handle/10665/330893e
https://doi.org/10.1093/occmed/kqx086
http://www.ncbi.nlm.nih.gov/pubmed/28898975
https://covidprotocols.org/quick-guides
https://doi.org/10.1056/NEJMoa1503326
https://doi.org/10.1056/NEJMoa1503326
http://www.ncbi.nlm.nih.gov/pubmed/25981908
https://doi.org/10.1007/s00134-020-06022-5
http://www.ncbi.nlm.nih.gov/pubmed/32222812
https://doi.org/10.1001/jama.2020.4914
https://doi.org/10.1001/jama.2020.4914
http://www.ncbi.nlm.nih.gov/pubmed/32215647
https://doi.org/10.1007/s00134-020-05981-z
http://www.ncbi.nlm.nih.gov/pubmed/32162029
https://doi.org/10.1007/s00134-020-05979-7
https://doi.org/10.1007/s00134-020-05979-7
http://www.ncbi.nlm.nih.gov/pubmed/32123994
https://doi.org/10.1164/rccm.202003-0817LE
http://www.ncbi.nlm.nih.gov/pubmed/32228035
https://doi.org/10.1016/j.accpm.2020.04.003
http://www.ncbi.nlm.nih.gov/pubmed/32305591
https://doi.org/10.1097/CCM.0000000000003637
http://www.ncbi.nlm.nih.gov/pubmed/30688716
https://doi.org/10.1097/MD.0000000000005629
https://doi.org/10.1097/MD.0000000000005629
http://www.ncbi.nlm.nih.gov/pubmed/27977605
https://doi.org/10.1371/journal.pone.0260318

PLOS ONE

Physiology based criteria in COVID-19 patients ICU admission

25.

26.

27.

28.

29.

30.

Palaiodimos L, Kokkinidis DG, Li W, Karamanis D, Ognibene J, Arora S, et al. Severe obesity is associ-
ated with higher in-hospital mortality in a cohort of patients with COVID-19 in the Bronx, New York.
Metabolism. 2020; 108: 154262. https://doi.org/10.1016/j.metabol.2020.154262 PMID: 32422233

Tadic M, Cuspidi C, Grassi G, Mancia G. COVID-19 and arterial hypertension: Hypothesis or evidence?
Journal of Clinical Hypertension. J Clin Hypertens (Greenwich); 2020. https://doi.org/10.1111/jch.13925
PMID: 32627330

Izcovich A, Ragusa MA, Tortosa F, Marzio MAL, Agnoletti C, Bengolea A, et al. Prognostic factors for
severity and mortality in patients infected with COVID-19: A systematic review. PLoS One. 2020; 15.
https://doi.org/10.1371/journal.pone.0241955 PMID: 33201896

Grasselli G, Greco M, Zanella A, Albano G, Antonelli M, Bellani G, et al. Risk Factors Associated with
Mortality among Patients with COVID-19 in Intensive Care Units in Lombardy, Italy. In: JAMA Internal
Medicine. American Medical Association; Oct 2020 pp. 1345—-1355. https://doi.org/10.1001/
jamainternmed.2020.3539 PMID: 32667669

COVID-19 Lombardy ICU Network, Foti G, Giannini A et al. Management of critically ill patients with
COVID-19: Suggestions and instructions from the coordination of intensive care units of Lombardy.
Minerva Anestesiologica, 2020; 86(11). https://doi.org/10.23736/S0375-9393.20.14762-X PMID:
33228329

Gattinoni L, Chiumello D, Rossi S COVID-19 pneumonia: ARDS or not? Critical Care, 2020; 24(1):154,
$13054-020-02880-z. https://doi.org/10.1186/s13054-020-02880-z PMID: 32299472

PLOS ONE | https://doi.org/10.1371/journal.pone.0260318  November 29, 2021 12/12


https://doi.org/10.1016/j.metabol.2020.154262
http://www.ncbi.nlm.nih.gov/pubmed/32422233
https://doi.org/10.1111/jch.13925
http://www.ncbi.nlm.nih.gov/pubmed/32627330
https://doi.org/10.1371/journal.pone.0241955
http://www.ncbi.nlm.nih.gov/pubmed/33201896
https://doi.org/10.1001/jamainternmed.2020.3539
https://doi.org/10.1001/jamainternmed.2020.3539
http://www.ncbi.nlm.nih.gov/pubmed/32667669
https://doi.org/10.23736/S0375-9393.20.14762-X
http://www.ncbi.nlm.nih.gov/pubmed/33228329
https://doi.org/10.1186/s13054-020-02880-z
http://www.ncbi.nlm.nih.gov/pubmed/32299472
https://doi.org/10.1371/journal.pone.0260318

