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‘Do-not-intubate’ orders in patients assisted by
noninvasive respiratory support for acute hypoxaemic
failure caused by coronavirus disease 2019; a systematic
review and meta-analysis

Gianmaria Cammarota, Teresa Esposito, Rachele Simonte, Antonio Messina, Maurizio Cecconi,

Rosanna Vaschetto, Luigi Vetrugno, Paolo Navalesi, Danila Azzolina, Chiara Robba, Paolo Pelosi,

Federico Longhini, Salvatore M. Maggiore and Edoardo De Robertis
BACKGROUNDNoninvasive respiratory support (NIRS) has
been revealed feasible solutions to cope with the massive
request for ventilatory support in patients subjected to ‘do-
not-intubate’ order (DNI).

OBJECTIVES The aims of the present systematic review and
meta-analysis was to estimate pooled incidence of DNI
orders and the associated in-hospital mortality in patients
undergoing NIRS for hypoxaemic acute respiratory failure
(ARF) related to coronavirus disease 2019 (COVID-19).

DESIGN Systematic review of observational studies and
randomized-controlled trials with meta-analyses

DATA SOURCES PUBMED, EMBASE, and Cochrane Con-
trolled Clinical trials register were searched for observational
studies and randomised-controlled trials from inception to
the end of April 2022.

ELIGIBILITY CRITERIA Inclusion criteria were: observation-
al studies enrolling �50 hospitalised patients with hypox-
aemic COVID-19-related ARF requiring NIRS and DNI order
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RESULTS Thirty-one observational studies were included for
a total of 6645 COVID-19 patients undergoing NIRS, of
whom 1590 received DNI orders. Among patients assisted
by NIRS, a DNI order was expressed in a summary estimate
of 25.4% [20.0–31.1] of the cases with a high between-
study heterogeneity. The summary estimated of in-hospital
mortality was 83.6% [75.3–90.7] for DNI patients and
20.0% [14.2–26.5] for full treatment patients, both with a
high between-study heterogeneity.

CONCLUSIONS In COVID-19 patients assisted through
NIRS for hypoxaemic ARF, a DNI order was frequently issued
and associated with a high in-hospital mortality
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KEY POINTS

� Noninvasive respiratory support is feasible in

patients subjected to ‘do-not-intubate’ orders.

� ‘Do-not-intubate’ order depends on patients’ clini-

cal status and wishes, and relatives’ wishes.

� ‘Do-not-intubate’ orders are associated to a high in-
u

hospital mortality.
Introduction
Hypoxaemic acute respiratory failure (ARF) is the main

cause of hospital admission in patients with coronavirus-

19 disease (COVID-19).1 Among patients admitted for

hypoxaemic ARF related to COVID-19, invasive me-

chanical ventilation (IMV) onset has been described

varying from 9% to 33%.2–5 Due to the rapid spread of

the severe acute respiratory syndrome coronavirus 2

(SARS-CoV-2) outbreak and massive demand for venti-

latory assistance, the intensive care unit (ICU) surge

capacity response was overloaded worldwide.6,7 Several

strategies had been developed to increase ICU capacity6,8

and, at the same time, stabilise patients’ respiratory status

to avoid intubation.9 In this context, noninvasive respira-

tory support (NIRS), that is, continuous positive airway

pressure (CPAP), noninvasive bi-level ventilation, and

high flow oxygen (HFO) therapy, played a key role in

treatment of hypoxaemic ARF in the lower dependency

wards outside the ICU.9,10 In turn, NIRS modes have

demonstrated to be effective strategies to avoid intuba-

tion9–11 and, at the same time, to reduce mortality

compared with conventional oxygen therapy in patients

suffering from COVID-19 related hypoxaemic ARF.11

Since the very beginning of the COVID-19 pandemic,

NIRS has been shown to be a feasible approach to cope

with the massive demand for ventilatory support and also

in those patients in whom a decision to not pursue IMV

was taken, that is, with a ‘do-not-intubate’ (DNI) order.9

According to recent data obtained principally from an

Italian experience,9 the rate of DNI order administration

in patients undergoing noninvasive bi-level ventilation

and CPAP during the first wave of COVID-19 outbreak

reached 23%, with a pooled in-hospital mortality of 72%.

Thus, after two years from the spread of COVID-19,

describing updated insights on the rate of application of

DNI orders and the associated in-hospital mortality in the

cohort of COVID-19 patients undergoing NIRS for

hypoxaemic ARF, including also HFO, could be particu-

larly relevant for both the optimisation of patient care, as

well as hospital resource allocation in pandemic scenarios.

In addition, shedding light on the clinical and nonclinical

factors underlying the decision-making process for the

administration of such a DNI order could provide
r J Anaesthesiol Intensive Care Med 2023; 2:1
significant informationontheclinicalevaluationofpatients

in contexts such as that of the COVID-19 outbreak.

The aim of the present systematic review and meta-

analysis was to estimate the pooled incidence of DNI

orders in patients undergoing NIRS for COVID-19 relat-

ed hypoxaemic ARF. As secondary aim, the associated

intra-hospital mortality and all the factors underlying the

use of NIRS as a ceiling ventilatory support therapy were

assessed in the same population. We hypothesised that,

in the COVID-19 pandemic context, the application of

DNI orders might have been exceptionally elevated due

to the imbalance between the massive influx of patients

requiring NIRS and the hospital surge capacity response

also reported worldwide.

Methods
The present systematic review and meta-analysis

was conducted following the Preferred Reporting

Items for Systematic reviews and Meta-analysis

(PRISMA) guidelines12 and was registered on PROS-

PERO (CRD42021271313).

Patients, intervention, comparator, outcome) questions
We sought information about the application of NIRS

(CPAP, noninvasive bi-level ventilation, and HFO (I) in

adult patients admitted for hypoxaemic ARF consequent

to COVID-19 (P) with or without comparator (C) and

aimed to ascertain the rate of application of DNI orders

and the related intra-hospital mortality (O). Regarding

the rate of application of DNI orders and in-hospital

mortality we took the time-points of applications of

the DNI and in-hospital mortality reported by each

enrolled study at database closure.

Search strategy and study selection
We searched PUBMED, EMBASE and the Cochrane

Controlled Clinical trials register from inception to April

2022 for observational studies and randomised controlled

trials without language restrictions. The search was car-

ried out applying the following terms, combined accord-

ing to database syntax (search strategy in additional file 1,

Supplemental Digital Content, http://links.lww.com/

EJAIC/A21):

‘COVID-19’, ‘Novel Coronavirus 2019’, ‘SARS-CoV-2’,

‘SARS-CoV-19’, ‘Severe Acute Respiratory Syndrome’,

‘Severe Acute Respiratory Syndrome Coronavirus relat-

ed’, ‘Positive Pressure Respiration’, ‘NIV’, ‘Non Invasive

Ventilation’, ‘CPAP’, ‘Continuous Positive Airway Pres-

sure’, ‘noninvasive positive pressure respiration’,

‘NIPPV’, ‘NIRS’, ‘Non-Invasive Respiratory Support’,

‘High flow oxygen therapy’, ‘high flow nasal cannula’,

‘Do not intubate orders’, ‘limitations of care’, ‘ceiling

therapy’, ‘ceiling therapies’.

In addition, we reviewed the references of the selected

papers, review articles, commentaries, and editorials on
(e0018)
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the same topic to discover other relevant studies missed

during the primary search.

The titles and abstracts of the investigations retrieved

from the search were independently evaluated by two

authors (G.C. and T.E.) according to the following inclu-

sion criteria: observational studies or randomised clinical

trials enrolling �50 patients admitted for hypoxaemic

ARF related to COVID-19 requiring NIRS and applica-

tions of DNI orders. In case of potentially overlapping

cohorts from multiple publications of the same research

group/centre, the most recent publication was selected.

The same authors separately evaluated the full texts, and

any divergence was resolved by discussion or involving a

senior review author (EDR). When necessary, the corre-

sponding authors of the selected studies were contacted

to obtain essential information not available in the

published format.

Data extraction, study quality, and bias assessment
Once study screening and selection were completed, two

authors (G.C. andT.E.) independentlyextracteddata from

these. Similarly, any disagreement was resolved by discus-

sion or involving a senior review author (E.D.R.).

Data extracted included: investigation features (e.g., study

design, setting), demographic characteristics (e.g., age,

sex, body mass index), presence of comorbidities (with

special attention tohypertension,diabetes, kidneydisease,

respiratory disease, and cardiac disease), Charlson comor-

bidity index,13 characteristics at hospital admission, e.g.,

arterial oxygen tension to inspired oxygen fraction ratio

(PaO2/FIO2), peripheral oxygen saturation (SpO2), respi-

ratory rate, laboratory tests, NIRS regulations, rescue

therapies, DNI order application, and clinical outcomes.

The articles selected were evaluated for methodological

quality according to the classification of the different

items ofmethodological index for nonrandomized studies

(MINORS) tool, namely prospective calculation of the

study size, loss to follow-up less than 5%, follow-up

period appropriate to the study aim, unbiased assessment

of the study endpoint, endpoints appropriate to the study

aim, prospective data collection, inclusion of consecutive

patients, and a clearly stated aim, as adequate, inade-

quate, or unclear.14

Statistical analysis
The analysis was conducted on the data obtained from

peer-reviewed manuscripts.

All the selected variables considered in the included

studies were descriptively analysed. Continuous or non-

continuous variables were reported as appropriate. Pro-

portions with 95% confidence intervals (CIs) and model

fitting weights were calculated through the Der Simo-

nian-Laird method9 with a random-effects model, based

on the expected heterogeneity. The Freeman–Tukey

double-arcsine transformations were considered to stabi-

lise and weigh the variances of incidence measures.15
Eur J Anaes
Heterogeneity across the studies was assessed through

both Q and I2 tests, which were considered significant

when the P-value was <0.05 and I2> 75%,16 along with

graphical evaluation of forest plots for the summary

estimate of patients who received DNI orders assisted

by NIRS and the related in-hospital morality, summary

estimate of patients who deemed as deserving full treat-

ment assisted by NIRS and the related in-hospital mo-

rality, and the summary estimate of patients assisted by

NIRS overall.

A general linear (mixed-effects) meta-regression model

was carried out by using the outcome as the dependent

variable and the study size as the independent variable.

In patients admitted for hypoxaemic ARF consequent to

COVID-19 and undergoing NIRS, meta-regression was

conducted to assess the impact of study type (retrospec-

tive vs. prospective), country where study was conducted
(Italian vs. non-Italian study), in-hospital setting (in- vs.
outside ICU), and center characteristics (university vs.
hospital center). The variables were chosen if reported in

all the studies included in the meta-analysis. The obser-

vations were weighted by the inverse variance of the

estimate to allow for possible heteroscedasticity.

The analyses have been conducted with the R 4.2.1

(R Core Team 2022) System with the meta and metafor

packages.17,18

Results
The search identified a total of 1825 potentially eligible

records, as illustrated in additional File 2, Supplemental

Digital Content, http://links.lww.com/EJAIC/A22. Once

duplicates were excluded, titles and abstracts were

screened and full texts were evaluated (additional File

3, Supplemental Digital Content, http://links.lww.com/

EJAIC/A23). Thirty-one eligible observational studies

were identified for a total of 26 100 patients with

COVID-19 related infection on hospital admission, of

whom 6645 received NIRS.10,19,28–37,20,38–47,21,48,49,22–27

Among the patients receiving NIRS, 5055 subjects were

deemed as deserving ‘full treatment’ while 1590 patients

received a DNI order (additional file 4-Table 1, Supple-

mentalDigitalContent, http://links.lww.com/EJAIC/A24).

Characteristics of the studies included
The main characteristics of the selected studies are

described in additional File 4-Table 2, Supplemental

Digital Content, http://links.lww.com/EJAIC/A24.

Among the 31 investigations included, three were pro-

spective studies and 14 were multicenter studies; 42.5%

of the enrolled studies were carried out in Italy from the

end of February to the end of May 2020, and 38.7% of

the included investigations was performed in ICU. More-

over, as reported in additional File 4-Table 2, Supple-

mental Digital Content, http://links.lww.com/EJAIC/

A24, 48.4% of the included studies were performed in

university centres.
thesiol Intensive Care Med 2023; 2:1(e0018)

http://links.lww.com/EJAIC/A22
http://links.lww.com/EJAIC/A23
http://links.lww.com/EJAIC/A23
http://links.lww.com/EJAIC/A24
http://links.lww.com/EJAIC/A24
http://links.lww.com/EJAIC/A24
http://links.lww.com/EJAIC/A24


CE: ; EA9/EJAIC-D-22-00045; Total nos of Pages: 11;

EJAIC-D-22-00045

4 Cammarota et al. EJAIC

The MINORS tool, assessing the methodological quality

of the investigations included, is described in additional

File 4-Table3,SupplementalDigitalContent,http://links.

lww.com/EJAIC/A24 and additional File 5, Supplemental

Digital Content, http://links.lww.com/EJAIC/A25.

Patient characteristics
The overall demographic characteristics of the patients’

population subjected to NIRS are reported in additional

File 4-Table 4, Supplemental Digital Content, http://

links.lww.com/EJAIC/A24, whereas the demographic

characteristics of ‘full treatment’ patients and DNI

patients undergoing NIRS are described in additional

File 4-Table 5, Supplemental Digital Content, http://

links.lww.com/EJAIC/A24 and additional File 4-Table 6,

Supplemental Digital Content, http://links.lww.com/

EJAIC/A24, respectively.

In additional File 4 -Table 7, Supplemental Digital

Content, http://links.lww.com/EJAIC/A24, additional Fi-

le 4 -Table 8, Supplemental Digital Content, http://links.

lww.com/EJAIC/A24, and additional File 4 -Table 9,

Supplemental Digital Content, http://links.lww.com/

EJAIC/A24, PaO2/FiO2, respiratory rate, and SpO2 ac-

quired on hospital admission are reported for the total

population, ‘full treatment’ patients, and DNI patients

undergoing NIRS, respectively.

The settings of NIRS are shown in additional File 4-

Table 10, Supplemental Digital Content, http://links.

lww.com/EJAIC/A24, additional File 4-Table 11, Sup-

plemental Digital Content, http://links.lww.com/EJAIC/

A24, and additional File 4-Table 12, Supplemental Digi-

tal Content, http://links.lww.com/EJAIC/A24 for the total

study population, full treatment patients, and DNI

patients under NIRS, respectively.

The studies providing criteria for the application of DNI

orders are presented in additional File 4-Table 13, Sup-

plemental Digital Content, http://links.lww.com/EJAIC/

A24. In the 32 studies enrolled, 12 investigations reported

criteria for the application of DNI orders.10,20–22,26,29,

32,36–38,46,49 Among these, 16.7% of the studies were

conducted in nonuniversity centres whereas 50% were

conducted in exclusively university centres. In additional

File 4-Table 14, Supplemental Digital Content, http://

links.lww.com/EJAIC/A24, the criteria for application of

DNI orders are presented. The presence of comorbidities

was the most commonly described criterion (9/12 inves-

tigations), followed by patient refusal (7/12 investiga-

tions), frailty (6/12 investigations), and age (5/12

investigations). In additional File 6, Supplemental Digi-

tal Content, http://links.lww.com/EJAIC/A26, DNI crite-

ria and the countries where the studies were conducted

are presented. As depicted in additional File 6, Supple-

mental Digital Content, http://links.lww.com/EJAIC/

A26, clinical judgment, low predicted hospital survival,

and disease severity were DNI criteria reported only in
Eur J Anaesthesiol Intensive Care Med 2023; 2:1
the Italian studies.10,20–22,26,37,38,46 According to our data-

set, relatives’ wishes were not considered as a DNI

criterion in the Italian investigations. ICU capacity was

taken in account in the DNI application decision-making

process in the French study only.36

Clinical outcomes
The pooled incidence of DNI orders in patients undergo-

ing NIRS is depicted in Fig. 1. Among patients assisted

through NIRS, a DNI order was expressed in a summary

estimate of 25.4% [20.0–31.1] of the cases with a high

between-study heterogeneity (P< 0.01, I2¼ 97.0%). As

depicted in additional File 7-Figure 1, Supplemental Dig-

ital Content, http://links.lww.com/EJAIC/A27, patients

were deemed as deserving full treatment in a summary

estimate of 74.2% [68.5–79.5] of the cases with a high

between-study heterogeneity (P< 0.01, I2¼ 97.0%).

The pooled in-hospital mortality for patients undergoing

NIRS who received DNI order is illustrated in Fig. 2.

The summary estimated of in-hospital mortality for DNI

patients was 83.6% [75.3–90.7] with a high between-

study heterogeneity (P< 0.01, I2¼ 98.0%). As depicted

in Fig. 3, the summary estimate of in-hospital mortality of

DNI patients on overall in-hospital mortality of general

population assisted by NIRS ratio was 58.7% [48.0–69.0]

with a high between-study heterogeneity (P< 0.01,

I2¼ 97.0%).

The summary estimate of in-hospital mortality of overall

patients’ population undergoing NIRS was 37.0% [31.2–

43.0] with a high between-study heterogeneity (P< 0.01,

I2¼ 96.0%) (additional File 7-Figure 2, Supplemental

Digital Content, http://links.lww.com/EJAIC/A27). In

Fig. 4, the pooled in-hospital mortality of patients sub-

jected to NIRS deemed to deserve full treatment. The

summary estimate of in-hospital mortality of patients

subjected to NIRS deemed to deserve full treatment

was 20.0% [14.2–26.5] with a high between-study het-

erogeneity (P< 0.01, I2¼ 97.0%). At meta-regression,

heterogeneity among studies did not change when ex-

amining study type (retrospective vs. prospective), coun-
try where study was conducted (Italian vs. non-Italian
study), in-hospital setting (in- vs. outside ICU), and

centre characteristics (university vs. hospital center).

Duration of NIRS as well as hospital length of stay are

described in additional File 4-Table 15, Supplemental

Digital Content, http://links.lww.com/EJAIC/A24 for the

overall study population, full treatment patients, and

DNI patients under NIRS.

Discussion
In patients with hypoxaemic ARF related to COVID-19

and assisted byNIRS, we found that the pooled incidence

of DNI orders reached 25%,with a pooled intra-hospital

mortality higher than 80%. According to the availability

data, factors underlying the use of NIRS as a ceiling
(e0018)
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Fig. 1 Summary estimate of patients with ‘do-not-intubate’ orders receiving noninvasive respiratory support. Vertical dotted line: summary estimate of
‘do-not-intubate’ orders. Red squares: study estimates of ‘do-not-intubate’ orders. Black horizontal lines: 95% confidence intervals. Diamond:
summary estimate 95% confidence intervals. IV, interval variable.
ventilatory support were principally related to patients’

clinical status and wishes, as well as relatives’ wishes.

The present systematic review and meta-analysis

was performed two years after the beginning of the

COVID-19 pandemic. Compared with those data
Eur J Anaes
reported mainly from the Italian experience on the rate

of application of DNI orders in COVID-19 patients

undergoing NIRS, excluding HFO, and outside the

ICU (17 investigations, 822 DNI patients),9 the present

investigation was performed on data retrieved from 31

studies conducted worldwide that addressed the role of
thesiol Intensive Care Med 2023; 2:1(e0018)
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Fig. 2 Pooled in-hospital mortality of patients who received ‘do-not-intubate’ orders assisted by noninvasive respiratory support. Vertical dotted line:
summary estimate of in-hospital mortality of patients receiving DNI orders. Red squares: study estimates of intra-hospital mortality of patients
receiving DNI orders. Black horizontal lines: 95% confidence intervals. Diamond: summary estimate 95% confidence intervals. DNI, do-not-intubate;
IV, interval variable.
NIRS, including HFO therapy, in COVID-19 ARF, with

a higher population of DNI patients (1590). Additionally,

our investigation provided an in-depth analysis on the

criteria used for the DNI decision-making process in

these studies.
Eur J Anaesthesiol Intensive Care Med 2023; 2:1
NIRS has been extensively employed to defer the fre-

quent requests for ventilatory assistance during COVID-

19 pandemic, within and outside the ICU.9,11 In this

context, the decision-making process for applications of

DNI orders would have been particularly complex due to
(e0018)
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Fig. 3 Summary estimate of in-hospital mortality of ‘do-not-intubate’ patients on overall in-hospital mortality ratio of patients assisted by noninvasive
respiratory support. Vertical dotted line: summary estimate of in-hospital mortality of patients with DNI orders on overall in-hospital mortality ratio of
patients receiving noninvasive support. Red squares: estimates of in-hospital mortality of DNI patients on overall in-hospital mortality ratio of patients
receiving noninvasive support. Black horizontal lines: 95% confidence intervals. Diamond: summary estimate 95% confidence intervals. DNI, do-not-
intubate; IV, interval variable.
the crisis facing ICU surge capacity.6,7,50 In patients

suffering from hypoxaemic ARF related to COVID-19

who underwent NIRS outside the ICU, the rate of

application of DNI orders has been recently described

as 23%,9 consistent with our findings obtained in a greater
Eur J Anaes
worldwide population of patients receiving NIRS both

within and outside of the ICU. Also our results were

consistent with a previous investigation conducted in

non-COVID-19 ARF, which reported a rate of adminis-

tration of DNI orders during NIRS of 32%.51
thesiol Intensive Care Med 2023; 2:1(e0018)
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Fig. 4 Pooled in-hospital mortality of patients on ‘full treatment’ receiving noninvasive support. Vertical dotted line: summary estimate for in-hospital
mortality. Red squares: study estimates of the in-hospital mortality. Black horizontal lines: 95% confidence intervals. Diamond: summary estimate
95% confidence intervals. IV, interval variable.
Orders to limit life-sustaining treatment have appreciably

increased over the years in patients suffering from non-

COVID-19 ARF assisted by NIRS.51 In issuing a DNI

order, several factors must be considered that will depend

on the characteristics of the patients, their families,

physicians, and hospitals.51 Also, the variability in DNI

order applications depends on differences in policies,
Eur J Anaesthesiol Intensive Care Med 2023; 2:1
practices, medical ethics, social attitudes, culture, and

religion.51

In our subset of COVID-19 patients, DNI criteria were

reported in<40% of the investigations included, of which

<20% were conducted in non-university centres. In our

dataset, the factors influencing DNI order applications
(e0018)
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were principally related to patients’ clinical status and

wishes in �50% of the 12 studies reporting DNI,10,20–

22,26,29,32,36–38,46,49 66.7% of which were conducted in

Italy.10,20–22,26,37,38,46 DNI orders also relied on factors

not strictly related to the patient’s condition, that is,

relatives’ wishes and ICU capacity, as described in those

investigations conducted in countries other than Italy. In

particular, the involvement of patients’ relatives in the

ceiling of therapies was described only in 25% of the

enrolled studies reporting DNI criteria (3/12 investiga-

tions). However, these findings are in clear contradiction

with the latest end-of-life care recommendations, sup-

porting the participation of patients’ relatives and family

members in life-sustaining therapies withdrawal.52 Of

course, in interpreting our data, it is worth considering

the effects of ‘lockdown’, social restrictions, and social

distancing policies adopted worldwide in order to contain

the spread of COVID-19.

The in-hospital mortality of COVID-19 patients under-

going NIRS outside the ICU and subjected to DNI

orders was reported as 71.7%.9 In our study, we describe

a high in-hospital mortality (>80%) for DNI patients

undergoing NIRS, accounting for 60% of the overall

in-hospital mortality characterising global patient popu-

lations assisted by NIRS. As expected, from our COVID-

19 cohort, in-hospital mortality of DNI patients was

greater than in-hospital mortality described for patients

deserving full treatment undergoing NIRS (20%) as well

as in-hospital mortality reported from countries where

DNI is not legally allowed.53 Regarding this optimisti-

cally, the survival rate in patients with DNI was reported

close to 20%, suggesting that NIRS was not strictly

employed as palliative therapy, but also as a curative

strategy, and supported in some cases also by the awake

prone position as a rescue therapy.27

Our systematic review and meta-analysis addressed the

application of DNI orders in patients assisted by NIRS

for COVD-19 ARF. Nevertheless, in the light of our

results, new questions arise for DNI patients concerning

the quality of life in the days following NIRS onset,

quality of death in nonsurvivor patients, quality of life in

the survivors, and the characteristics of hospital wards/

units essential to provide high-quality support.

Regarding clinical implications, our data would encour-

age the use of NIRS in dealing with DNI patient. This is

even more true in consideration of the survival rate

observed in our subset of patients, despite hospital surge

capacity crisis and limitations imposed by a ‘lockdown’

policy. In the management of DNI patients it is of pivotal

importance to undertake a therapeutic strategy directed

at solving the condition responsible for ARF and dys-

pnoea and, at the same time, be respectful of patients’

and family wishes51 with the focus of avoiding discomfort,

distress, and agonizing situations. Hence, future investi-

gations should be targeted toward the identification of all
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the clinical and nonclinical factors affecting the quality of

life of DNI patients assisted by NIRS, with particular

regard to those strategies focused on the assessment and

enhancement of comfort.

Surprisingly, data fromour cohort of patients are consistent

with the crude intrahospital mortality (35.8%) observed

in conventional ARF patients undergoing NIRS.54 These

findings validate the use of NIRS outside the ICU in

dealing with acute respiratory failure regardless of

COVID-19, provided that proper clinical monitoring is

ensured to avoid undue prolongation of NIRS and a con-

sequent delay in intubation upon clinical deterioration.

Our study has several limitations that require mention.

The studies included in our systematic review and meta-

analysis were mainly conducted during the first wave of

COVID-19 pandemic when ICU surge capacity was

profoundly compromised by overwhelming requests for

ventilatory assistance.3,55,56 A large part of the investiga-

tions included were retrospective studies. Accordingly,

the retrospective nature of most studies included, along

with the great proportion of single-center investigations

(17/31), led to the high heterogeneity observed in the

study analysis. However, the random-effect model

adopted yielded summary estimates that adequately

reflected this situation. We retrieved data regarding

the criteria for application of DNI orders in less than

50% of the studies enrolled. As a consequence, the role of

factors other than those reported in the present investi-

gation, i.e., ICU capacity, might be underestimated. Also,

our data might be also underestimate because, in some

countries, DNI orders are not legally permitted.53 Thus,

no definitive conclusions can be drawn on the factors

leading to the application of DNI orders in our cohort of

COVID-19 patients. A high proportion of studies enrolled

were conducted in Italy. Thus, our findings cannot be

generalised to different contexts and countries.

In conclusion, during COVID-19 pandemic, in patients

assisted by NIRS for hypoxaemic ARF, both within and

outside the ICU, DNI orders were frequently issued and

were associated with a high in-hospital mortality.
Acknowledgements relating to this article
Assistance with the study: none.

Financial support and sponsorship: none.

Conflicts of interest: no conflict of interest for TE, DA, CR, PP, LV,

RS, GC reports speaking honoraria from Getinge and MSD outside

the scope of this work. RV declares honoraria for lectures from

Intersurgical S.p.A. outside the scope of this work. MC reported

personal fees from Edwards Lifesciences, Directed Systems, and

Cheetah Medical outside the scope of this work. AM declares to

have received personal fees for services provided, as well as other

benefits, from Vygon, unrelated to this paper. SMM discloses

having received speaking fees by GE Healthcare, Masimo, and

Aspen outside the scope of this work. PN declares to have received:

grants, personal fees and nonfinancial support fromMaquet Critical
thesiol Intensive Care Med 2023; 2:1(e0018)



CE: ; EA9/EJAIC-D-22-00045; Total nos of Pages: 11;

EJAIC-D-22-00045

10 Cammarota et al. EJAIC

Care; grants and nonfinancial support from Draeger and Intersur-

gical S.p.A.; and personal fees from Oriopharma, Philips, Resmed,

MSD, and Novartis, in each case for reasons that remain unrelated

to this study. PN also contributed to the development of the

patented ‘helmet Next’, the royalties for which are paid to Inter-

surgical Spa. PN contributed to the development of a device not

discussed in the present study with patent application number:

EP20170199831. EDR received conference fees from MSD,

Getinge, and Baxter outside the scope of this work.

Presentation: Not applicable.

References
1 WiersingaWJ, Rhodes A, Cheng AC, et al. Pathophysiology, transmission,

diagnosis, and treatment of coronavirus disease 2019 (COVID-19): a
review. JAMA 2020; 324:782–793.

2 Docherty AB, Mulholland RH, Lone NI, et al.Changes in in-hospital mortality
in the first wave of COVID-19: a multicentre prospective observational
cohort study using theWHOClinical Characterisation Protocol UK. Lancet
Respir Med 2021; 9:773–785.

3 Wang D, Hu B, Hu C, et al. Clinical characteristics of 138 hospitalized
patients with 2019 novel coronavirus-infected pneumonia in Wuhan,
China. JAMA 2020; 323:1061–1069.

4 Goyal P, Choi JJ, Pinheiro LC, et al. Clinical characteristics of COVID-19 in
New York City. N Engl J Med 2020; 11:2372–2374.

5 Richardson S, Hirsch JS, Narasimhan M, et al. Presenting characteristics,
comorbidities, and outcomes among 5700 patients hospitalized with
COVID-19 in the New York City area. JAMA 2020; 323:2052–2059.

6 Aziz S, Arabi YM, AlhazzaniW, et al.Managing ICU surge during theCOVID-
19 crisis: rapid guidelines. Intensive Care Med 2020; 46:1303–1325.

7 Cammarota G, Ragazzoni L, Capuzzi F, et al.Critical care surge capacity to
respond to the COVID-19 pandemic in italy: a rapid and affordable solution
in the Novara Hospital. Prehosp Disaster Med 2020; 35:431–433.

8 Tonetti T, Grasselli G, Zanella A, et al. Use of critical care resources during
the first 2weeks (February 24–March 8, 2020) of the COVID-19 outbreak
in Italy. Ann Intensive Care 2020; 10:133.

9 Cammarota G, Esposito T, Azzolina D, et al. Noninvasive respiratory support
outside the intensivecareunit for acute respiratory failure related tocoronavirus-
19 disease: a systematic review and meta-analysis. Crit Care 2021; 25:268.

10 Franco C, Facciolongo N, Tonelli R, et al. Feasibility and clinical impact of
out-of-ICU noninvasive respiratory support in patients with COVID-19-
related pneumonia. Eur Respir J 2020; 56:2002130.

11 Perkins GD, Ji C, Connolly BA, et al. Effect of noninvasive respiratory
strategies on intubation or mortality among patients with acute hypoxemic
respiratory failure and COVID-19: the RECOVERY-RS Randomized
Clinical Trial. JAMA 2022; 326:546–558.

12 Moher D, Liberati A, Tetzlaff J, et al. Preferred reporting items for systematic
reviews and meta-analyses: the PRISMA Statement. PLoS Med 2009;
6:336–341.

13 Charlson M, Pompei P, Ales K, et al. A new method of classifying
prognostic comorbidity in longitudinal studies: development and validation.
J Chronic Dis 1987; 40:373–383.

14 Slim K, Nini E, Forestier D, et al. Methodological index for nonrandomized
studies (minors): development and validation of a new instrument. ANZ J
Surg 2003; 73:712–716.

15 Freeman MF, Tukey JW. Transformations related to the angular and the
square root. Ann Math Stat 1950; 21:607–611.

16 Higgins JP, Thompson SG, Deeks JJ, et al. Measuring inconsistency in
meta-analyses. J Intell Inform Syst 2006; 27:159–184.
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