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Abstract. Background and aim: During the first wave of the Severe Acute Respiratory Syndrome CoronaVirus
2 (SARS-CoV-2) pandemic, we faced a massive clinical and organizational challenge having to manage criti-
cally ill patients outside the Intensive Care Unit (ICU). This was due to the significant imbalance between
ICU bed availability and the number of patients presenting Acute Hypoxemic Respiratory Failure caused
by SARS-CoV-2-related interstitial pneumonia. We therefore needed to perform Non-Invasive Ventilation
(NIV) in non-intensive wards to assist these patients and relieve pressure on the ICUs and subsequently im-
plemented a new organizational and clinical model. This study was aimed at evaluating its effectiveness and
feasibility. Methods: We recorded the anamnestic, clinical and biochemical data of patients undergoing non-
invasive mechanical ventilation while hospitalized in non-intensive CoronaVirus Disease 19 (COVID-19)
wards. Data were registered on admission, during anesthesiologist counseling, and when NIV was started
and suspended. We retrospectively registered the available results from routine arterial blood gas and labora-
tory analyses for each time point. Results: We retrospectively enrolled 231 patients. Based on our criteria, we
identified 46 patients as NIV responders, representing 19.9% of the general study population and 29.3% of
the patients that spent their entire hospital stay in non-ICU wards. Overall mortality was 56.2%, with no
significant differences between patients in non-intensive wards (57.3%) and those later admitted to the ICU
(54%). Conclusions: NIV is safe and manageable in an emergency situation and could become part of an inte-
grated clinical and organizational model. (www.actabiomedica.it)

Key words: COVID-19, Hypoxia, HFNC, NIV, ICU

Introduction

During the early months of 2020, the COVID-19
pandemic swept over healthcare facilities around the
world, with a wave of patients being hospitalized for
pneumonia caused by Severe Acute Respiratory Syn-
drome Coronavirus 2 (SARS-CoV-2). As of May 8%,
2020, the World Health Organization (WHO) had
already reported 1,654,345 confirmed cases of Coro-
naVirus Disease 19 (COVID-19) in Europe causing

152,179 deaths, of which nearly 20% had occurred in
Italy (29,958)(1). Between March 8" and May 8%,
approximately 2300 patients were admitted to the
Ospedale Maggiore in Parma, Italy for SARS-CoV-
2-related interstitial pneumonia. From a clinical and
organizational point of view, the management of pa-
tients showing the advanced stages of the disease was
undoubtedly one of the most relevant criticalities we
had to deal with during the first wave of the COV-
ID-19 pandemic. Furthermore, the high number of
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cases in relation to the limited number of beds avail-
able in Intensive Care Units (ICUs) led to the need to
evaluate and treat patients with acute hypoxemic res-
piratory failure (AHRF) requiring high-intensity care
in non-intensive wards.

In this emergency context, anesthesiologists, to-
gether with specialists in internal medicine and pneu-
mology, responded promptly and competently to the
assistance needs determined by the COVID-19 pan-
demic, adapting to a new, non-conventional organiza-
tional and clinical model determined by the extreme
pressure on the national health service. Adequate res-
piratory support for critically ill patients outside the
ICU became an emergent priority, and on the basis
of anamnestic, clinical, instrumental, and laboratory
parameters Non-Invasive Ventilation (NIV) was in-
troduced(2-9). The use of NIV by highly specialized
personnel in a non-intensive, and therefore “uncon-
ventional”, context was each time carried out with
focus on the safety of both the healthcare personnel
and the patients, guaranteeing the latter the clinical
benefits provided by this method(2).

Nevertheless, we cannot ignore the fact that NIV
is not always effective in the presence of AHRF caused
by infective pneumonia, with a reported success rate as

low as 7.6 % in patients presenting with Middle East
Respiratory Syndrome (MERS) (10-12).

Objectives

The aim of this observational study was to record
the clinical course and main hospital outcome of criti-
cally ill patients undergoing NIV while being treated
in non-intensive wards during the study period.

Our primary objective was the observation of any
changes in respiratory index (RI) values (ratio between
arterial blood partial oxygen pressure (PaO2) and oxy-
gen inspiratory fraction (FiO2)).

As a secondary objective, we aimed to determine
whether it was possible to identify early predictive ele-
ments that could help detect patients with an increased
risk of negative clinical outcome (ICU admission and

hospital mortality).

Materials and Methods

This study was conceived as a monocentric, ob-
servational, retrospective study, and obtained approval
of the Local Ethics Committee. “Strengthening the
Reporting of Observational studies in Epidemiology”
(STROBE) guidelines were followed for the drafting
of this work.

Data collection was carried out maintaining the
anonymity of each patient identified by an alpha-nu-
meric code. The inclusion criteria considered were as
follows:

- Hospitalized patients diagnosed with SARS-CoV-2
interstitial pneumonia

- NIV treatment

- Age over 18 years old

In our study, we retrospectively collected clini-
cal records, laboratory test results and radiological ex-
aminations from patients with a confirmed diagnosis of
SARS-CoV-2-related interstitial pneumonia undergo-
ing non-invasive mechanical ventilation while hospi-
talized in non-intensive COVID-19 wards at the Os-
pedale Maggiore in Parma, Italy from March 8" to May
8h, 2020. Data were collected using a case record form
(CRF). We registered data regarding age, sex, body
mass index (BMI), past medical history (chronic car-
diac disease, chronic pulmonary disease, cerebrovascular
disease, chronic neurological disorder, diabetes, malig-
nancy), vital signs at admission (temperature, respira-
tory rate), and laboratory values (inflammatory markers,
ABG analysis, blood glucose). The flowchart (figure 1)
illustrates the step-by-step treatment we applied to pa-
tients with respiratory insufliciency: initially, incremen-
tal oxygen support was provided using Ventimask, with
a flow up to 151/ min. In the presence of non-response,
support with a reservoir mask and nasal cannula (151/
min + 151/ min) was used, delivering oxygen with an
estimated FiO2 of 70%. In the presence of further fail-
ure, after evaluation by the anesthesiologists’ team, the
patients underwent NIV trial. (Figures 1 and 2).

Data collection was performed on hospital admis-
sion (time point 0), during anesthesiologist counseling
(1), early after NIV trial start (2), and at the moment
of NIV interruption (3).

Clinical outcomes were expressed as follows:

length of hospital and ICU stay (days), transfer to ICU
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Figure 1. The study flow chart in line with the STROBE
(Strengthening the Reporting of Observational Studies in Epi-
demiology) statement (http://www.strobestatement.org). Step-
by-step treatment of patients with respiratory insufficiency.
Initially an incremental oxygen support was set up with a ven-
timask with flow up to 15 1 / min. In case of non-response, a
support with a reservoir mask and nasal cannulae (15 1/ min +
151/ min) was used, delivering oxygen with an estimated FiO2
of 70%. In case of further failure, after evaluation by the ICU
team, the patients underwent the NIV trial.

(yes or no), and in-hospital death (yes or no). In the
event of a transfer, the day of admission to the ICU,
with respect to hospitalization and the length of stay in
the ward, were recorded. Hospitalization outcome was

classified as discharge or in-hospital death.

Possible complications of NIV treatment: axillary
pressure sores, upper-limb edema, sense of gastric dis-
tension, agitation or poor compliance with the device,
others (any further complications not listed above).

All parameters were subsequently expressed in
absolute value and in terms of mean and standard
deviation or median and 25 and 75" percentile (in-
terquartile range, IQR). Comorbidities were recorded
according to commonly used clinical nomenclature.
The number of patients with SARS-CoV-2 interstitial
pneumonia undergoing NIV is expressed in terms of
absolute value and percentage in different sub-popu-
lations.

Three main types of NIV interface were used:
high-flow nasal cannula (HFNC), oral-nasal and full-
face Venturi masks, and NIV helmets. Patients were
closely monitored, with regular checks being carried
out by healthcare staff and the anesthesiologists (10—
12).

NIV settings and parameters were recorded as fol-
lows: type of interface: helmet, mask or HFNC. Posi-
tive End Expiratory Pressure (PEEP) was expressed
as cmH2O and FiO2 as percentages. NIV treatment
modality was encoded as follows: Continuous Posi-
tive Airway Pressure (CPAP), Bi-level Positive Air-
way Pressure (BPAP), and HFNC. NIV duration and
other time intervals were expressed in days.

We included the maximum number of patients
who met the inclusion criteria. We expressed descrip-
tive data as mean, median and standard deviation (SD)
for continuous variables, while categorical variables
were reported as number and percentage (%). IBM
SPSS software was applied for all analyses. We as-
sessed the differences between groups using Mann-
Whitney, Spearman and Pearson tests. We performed
a logistic regression analysis to assess the main risk
factors for eventual in-hospital death and/or admis-
sion to the ICU. The following factors were initially
entered into the model: age; BMI; C reactive protein
(CRP), procalcitonin (PCT) and D-dimer levels be-
fore NIV trial; RI ratio before and after NIV trial as
an improvement marker; and the ratio of admission RI
to the last available value before outcome occurred or
the case was censored. Akaike’s and Bayesian informa-
tion criteria were used to guide model analysis (factors
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Figure 2. Management of COVID 19 patients in hospital wards and non-invasive ventilation failure criteria

removed until criteria decreased <10 units). The opti-
mized logistic regression model did not include CRP
and D-dimer levels and had an area under the receiver
operating characteristics curve of 0.75, with age and
overall RI variation ratio as statistically significant in-
dependent factors.

Results

We retrospectively enrolled 231 patients in our
cohort study (Table 1 and figure 1). Mean age was
64+11 years (31-90), with a majority of male patients
(n=149, 64.5%). When possible BMI was calculated,

Table 1. Anthropometric, admission laboratory data and main clinical outcomes in general study population

n=231 n % Mean SD Med 25 75
Age (years) 64.0 10.3 65.0 58 71
Weight (kg) 86.1 19.2 84.0 75 95
BMI (kg/m?) 30.0 6.62 28.7 25.8 32.9
Hospital stay (days) 25.4 23.0 19.0 10 29.5
Admission - NIV start (days) 4.2 4.8 3.0 1 6
NIV duration (days) 6.5 5.2 5.0 3 9
Admission — ICU transfer (days) 8.7 6.8 8.0 4 10
ICU stay (days) 18.3 18.6 14.0 3 26.8
CRP at admission (mg/1) 142.3 69.0 129.2 95 201.3
PCT at admission (ng/ml) 0.57 0.83 0.30 0.15 0.62
Glycemia at admission (mg/dl) 150 71 126 108 163
D-dimer at admission (pg/ml) 1829 2539 823 606 1236
Gender (F) 82 35.5

ICU transfer 74 32.0

Mortality 130 56.3

n, number; SD, standard deviation Med, median; 25, 257 percentile; 75, 75% percentile; BMI, body mass index; NIV, non-

invasive ventilation; ICU, intensive care unit; CRE C reactive protein, PCT, procalcitonin; F female
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Table 2. Comorbidities in general study population, in survived/deceased and non-ICU/ICU patient subgroups.

n (%)

General population Non-ICU ICU Survived Deceased N

(n=231) (n=157) (n=74) (n=101) (n=130) P

Hypertension 137 59.3% 103 65.6% 34 45.9% 47 46.5% 90 69.2% <0.001
Diabetes 65 28.1% 55 35% 10 13.5% 28 27.7% 37 28.5% 0.901
Cardiac disease 40 17.3% 34 21.6% 6 8.1% 10 9.9% 30 23.1% 0.001
COPD 24 10.4% 19 12.1% 6.8% 16 15.8% 8 6.2% 0.017
Other 31 13.4% 24 15.2% 9.4% 19 18.8% 12 9.2% OSAS: 0.865
respiratory Asthma:
diseases 0.276
CKD 8 3.5% 7 4.5% 1 1.4% 1 1% 7 5.4% 0.070
Liver disease 14 6.1% 10 6.3% 4 5.6% 5 5.0% 6.9% 0.533
Vasculopathy 9 3.9% 7 4.5% 2 2.8% 3 3.0% 4.6% 0.522
Malignancy 13 5.6% 8 5.1% 5 6.7% 3 3.0% 10 7.7% 0.122
DVT/PE 6 2.6% 5 3.2% 1 1.4% 0 0.0% 6 4.6% 0.029
Stroke/ TIA 6 2.6% 3 1.9% 3 4.2% 2 2.0% 4 3.1% 0.629

n, number; ICU, intensive care unit; Cardiac disease: structural, valvular or arrbythmic; COPD, chronic obstructive pulmonary disease; Other
respiratory disease, asthma and OSAS (Obstructive Sleep Apnea Syndrome); CKD, chronic kidney disease; DV'T} deep vein thrombosis; PE,

pulmonary embolism; TIA, transient ischemic attack. *p value has been calculated for survived and deceased patients.

with the observed mean value being 30+6.62. We ob-
served a statistically significant difference between
deceased and discharged patients (p=0.021) for this
parameter. Hypertension was the most common co-
morbidity (prevalence: 59.3%), followed by diabetes
(28.1%), and heart disease (17.3%) (Table 2).

The median time between hospital admission and
first clinical evaluation performed by an anesthesiolo-
gist was 2 days (interquartile range, IQR: 1-3), while
on average 4.2 days passed between hospitalization
and NIV initiation (Table 1)

Helmet CPAP was the most common ventila-
tion method used in 78.3% of patients, as this inter-
face is compatible with the oxygen sources available in
non-ICU wards and is therefore easier to manage in
an emergency setting. On the other hand, 10.8 % of
patients were treated with a high-flow nasal cannula,
while a similar percentage (10.9%) was supported with
BPAP.

NIV was carried out for a mean period of 6.5+5.2
days, with values ranging from failed trials lasting less
than one day to a maximum of 30-day treatment based
on NIV cycles.

22 patients (9.5%) developed superior limbs ede-
ma during NIV treatment, and we observed 8 cases

(3.5%) of superior limbs deep vein thrombosis (DVT),
4 of both pneumothorax (PNX) and pleural effusion
(1.7%) We also recorded 3 episodes of nausea or vom-
iting in patients undergoing NIV (1.3%) and 2 cases of
hemoptysis (0.9%).

Median hospital stay was 19 days (IQR: 10-29.5);
this high variability was due to some cases of early-
death leading to a precocious outcome (minimum: 2
days) as well as some extremely long hospital stays
(maximum:123 days). Overall mortality was 56.2%,
which was comparable between the patients in non-
intensive wards (57.3%) and those admitted to the
ICU (54%). This cohort included 74 patients (32% of
the general population), mainly males (n=53, 71.7%),
with a moderately younger mean age (59.4 years) and a
lower prevalence of comorbidities (Tables 3-4). On av-
erage, patients were transferred on the 9* day of hos-
pital stay (1-39). Mean ICU stay was 18.3 days, with
values ranging from death on the day of admission to
a maximum of 83 days. D-dimer mean value at admis-
sion was noticeably higher in patients who were not
transferred to the ICU (p=0.002) (Table 5).

The inflammatory reactants CRP and PCT turned
out to be already altered on admission (Table 6), with a
significant difference between discharged and deceased



6 Acta Biomed 2021; Vol. 92, N. 5: €2021365

Table 3. Anthropometric, admission laboratory data and main clinical outcomes in survived and deceased patient subgroups.

Survived (n=101) Deceased (n=130)

n % Mean SD Med 25 75 n % Mean SD Med 25 75 P
Age (years) 59.1 111 60.0 53.0 66.0 67.8 9.0 68.0 623 720
Weight (kg) 90.2 192 90.0 77.0 106.5 82.5 185 80.0 70.9 90.0
BMI (kg/m?) 31.3 6.3 30.2 26.6 355 29.1 6.8 28.0 25.0 31.1 0.021
Hospital stay 38.7 27.2 27 20.0 48.0 151 113  11.0 7.0 20.0
Admission -NIV 3.4 3.7 3 1.0 4.8 4.7 5.5 4.0 1.0 6.0
NIV duration 6.6 4.6 6 3.3 9.0 6.3 5.6 4.0 3.0 9.0
Admission - ICU 7.1 4.4 7 3.5 9.0 10.0 8.1 8.0 4.5 11.5
transfer
ICU stay 283 212 27 125 370 104 114 4.0 1.5 205
Gender (F) 36 35.6 46 354
ICU transfer 34 33.7 40 30.8

n, number; 8D, standard deviation Med, median; 25, 25" percentile; 75, 75" percentile; ICU, intensive care unit; BMI, body mass index; NIV;
non-invasive ventilation; F, female; Admission-INIV, NIV duration, Admission-ICU transfer and ICU stay are expressed in days.

Table 4. Anthropometric, admission laboratory data and main clinical outcomes in non-ICU and ICU patient’s subgroups

Non-ICU (n=157) ICU (n=74)
n % Mean SD Med 25 75 n % Mean SD Med 25 75 P

Age (years) 66.1 10.6 680 60.0 72.0 59.4 9.9 61.0 53.0 650
Weight (kg) 86.6 20.8 840 750 970 85.1 155 845 746 91.1

BMI (kg/m?) 30.1 6.6 29.1 258 331 29.9 6.7 28.0 257 31.6 0.673
Hospital stay 189 132 16.0 9.0 250 393 31.8 285 183 5838
Admission -NIV 4.3 5.1 3.0 1.0 5.3 4.0 4.1 3.0 1.0 6.0

NIV duration 7.1 5.2 6.0 3.0 9.3 5.1 5.1 4.0 2.0 6.0

Gender (F) 61 38.9 21 284

Mortality 90 57.3 40 54.1

n, number; SD, standard deviation Med, median; 25, 25" percentile; 75, 75% percentile; ICU, intensive care unit; BMI, body mass index; NIV,
non-invasive ventilation; F, female; Admission-INIV, NIV duration, are expressed in days.

Table 5. Main laboratory data in non-ICU and ICU patient subgroups.

Non-ICU (n=157) ICU (n=74)
Mean SD Med 25 75 Mean SD Med 25 75 P

CRPO 148.6 71.3 130.5 99.7 225.21 128.7 62.7 123 78.3 156.9 0.296
CRP2 148.8 80.5 144.1 96.1 232.6 176.6 73.8 161.2 137 250

CRP3 122.2 105.9 96.5 16 248.5 150.8 105.9 193.8 35.2 249.7

PCT 0 0.66 0.97 0.33 0.16 0.65 0.36 0.31 0.27 0.15 0.54 0.382
PCT 2 1.37 2.57 0.63 0.22 1.24 1.12 1.12 0.68 0.38 1.7

PCT 3 0.92 1.11 0.57 0.07 1.16 1.03 1.53 0.4 0.22 0.72

Glyc 0 156 77 127 109 173 137 57 124 104 139 0.076
Glyc 2 160 64 142 116 185 139 40 128 116 151

Glyc3 170 74 160 115 208 140 40 128 113 168

D-d 0 2270 2842 937 685 2044 974 1519 644 532 862 0.002

D-d2 4399 3604 2398 1130 9000 4314 3824 1572 1356 9000

D-d3 5571 3608 6775 1472 9000 6153 3149 7273 3880 9000 0.296
n, number;SD, standard deviation Med, median; 25, 25% percentile; 75, 75" percentile; ICU, intensive care unit; Med, median; CPR, C
reactive protein (mg/l), PCT, procalcitonin (ng/ml); Glyc, Glycemia (mg/dl); D-d, D-dimer (ug/ml); 0, Admission; 2, NIV start; 3, NIV

suspension.
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Table 6. Main laboratory data in general study population.

n=231 Mean SD Med 25 75 P
CRPO 1423 69.0 129.2 95 201.3 p0.085
CRP2 1573 79.0 158.0 102.2 250

CRP4 1291 105.7 133.8 19.1 249.7

PCT 0 0.57 0.83 0.30 0.15 0.62 p0.005
PCT 2 1.28 14.1 0.63 0.26 1.48

PCT 4 0.96 1.25 0.49 0.16 1.15

Glyc0 150 71 126 108 163 p0.844
Glyc 2 153 57 137 116 178

Glyc4 159 65 144 113 19

D-d0 1829 2539 823 606 1236 p0.002
D-d2 4371 3646 2052 1157 9000

D-d4 5774 3442 6866 1699 9000

n, number; SD, standard deviation Med, median; 25, 25% per-
centile; 75, 75" percentile; CRE, C reactive protein (mg/l); PCT,
procaleitonin (ng/ml): (0 vs 2 = p=0.003; 0 vs 4 — p= 0.643; 4 vs
2 - p=0.011); Glyc, glycemia (mg/dl); D-d, D-dimer (ug/mi): (0
vs 2 = p=0.029 0 vs 4 — p=0.001 4 vs 2 —p=0.195); 0, Hospital
admission; 2, NIV start; 4, NIV suspension.

patients (106.2 vs 148.6 mg/1, p=0.023 and 0.24 s 0.61
ng/ml, p=0.013, respectively (Table 7).

Mean RI on admission was 233+88, which subse-
quently worsened at anesthesiologist counseling (94).
Evaluating the parameter trend separately in deceased
and discharged patients, we observed that starting
from similar values on admission (230 ws. 238 respec-
tively) the difference between the two groups became
more relevant at time point 1 (87 vs. 105) and was
even higher during NIV (97 ws. 142) and at treatment
discontinuation (77 ws. 166). A similar trend was seen
for patients admitted to the ICU (Figure 3).

In the background of our criteria (Figure 2), we
identified 46 patients as NIV trial responders, repre-

X
400 X
X X
X

300
5 x ok :
:é In-hospital
£ death and/or
= ICU admission
Q
ic = No
=
o} B Yes
@
o

200

100

NIV Start NIVENg

Time point

Pre'NIV

Figure 3. Respiratory Index variation during NIV treatment,
based on outcome (in-hospital death AND/OR ICU admis-
sion). Patients with the highest ratio between post- and pre-
NIV RI had lower mortality and ICU admission rates (p<0.001),
but the figure highlights the fact that the effect of NIV becomes
more significant on a long-term basis than at the end of the first
trial, suggesting that its success should be assessed over a longer
period of time. Age was another statistically significant risk fac-
tor for negative hospital outcome (p=0.03).

senting 19.9 % of the general study population and
29.3 % of patients who spent their entire hospital stay
in non-intensive wards. In this group, we observed sig-
nificantly lower PCT at hospitalization (p=0.008) but
higher mean BMI (p=0.017). (Table 8)

We also recorded pre-existing comorbidities in
responder and non-responder subgroups (Table 9)
The logistic regression of factors associated with in-
hospital death and ICU admission after NIV trial

Table 7. Main admission laboratory data in survived and deceased patient subgroups

Survived (n=101)

Deceased (n=130)

Mean SD  Med 25 75 Mean SD Med 25 75 P
CRPO 106.2 74.1 70.7 1025 2084 148.6 66.5 1313 65.7 129.6 0.023
PCTO 0.24 0.34 0.15 0.17 0.63 0.61 0.87 034 0.08 0.18 0.013
Glyc0 142 58 123 111 164 156 80 127 104 159 0.210
D-do 1963 3019 746 612 1267 1804 2464 823 541 948 0.488

n, number; SD, standard deviation Med, median; 25, 25" percentile; 75, 75” percentile; CPR, C reactive protein (mg/l), PCT, procalcitonin
(ng/ml); Glyc, glycemia O (mg/dl); D-d, D-dimer (ug/ml); 0, Hospital admission.
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Table 8. Anthropometric, admission laboratory data and main clinical outcomes in NIV trial responder and non-responder patient

subgroups.
Responder (n=46) Non responder (n=172)

n % Mean SD Med 25 75 N % Mean SD Med 25 75 P
Age (years) 585 105 59.0 54 638 65.7 10.5 67.0 60.8 72
Weight (kg) 93.0 199 90.0 77 109 84.1 181 83.0 74 92
BMI (kg/m?) 32.3 6.3 30.6 27.6 36.2 29.5 6.6 28.1 252 31.6 0.017
Hospital stay 271 152 240 18 31 23.7 237 165 8 28
Admission 4.0 4.5 3.0 1 5.8 4.3 5.0 3.0 1 6
-NIV
NIV duration 8.0 4.8 6.5 5 11.8 5.9 5.2 5.0 2 7
Admission - 8.9 6.9 8.0 4 10
ICU transfer
ICU stay 183 18.6 14.0 3 26.8
Gender (F) 19 413 57 331
ICU transfer 74 43
Mortality 130 756

n, number; SD, standard deviation Med, median; 25, 25 percentile; 75, 75% percentile; BMI, body mass index; NIV, non-invasive ventila-
tion; ICU, intensive care unit; I female; Admission-NIV, NIV duration, Admission-ICU transfer and ICU stay are expressed in days.

Table 9. Comorbidities in NIV trial responder and non-re-
sponder subgroups.

Responder Non responder

(n=46) (n=172)
n % N %
Diabetes 15 326 49 285
Hypertension 21 45.7 110 64
COPD 8 17.4 14 8.1
CKD 0 0 8 4.7
Cardiac disease 5 109 33 192
Vasculopathy 0 0 9 5.2
DVT/PE 0 0 3.5
Stroke/TIA 0 0 6 3.5
Malignancy 0 0 12 7
Liver disease 1 2.2 13 7.6
Others respiratory diseases 9 196 19 110

n, number; COPD, chronic obstructive pulmonary disease; CKD,
chronic kidney disease; DV'T, deep vein thrombosis; PE, pulmonary

embolism; TIA, transient ischemic attack.

showed age to be an obvious risk factor for negative
outcome (p=0.03), as well as the fact that patients with
the highest ratio between post- and pre-NIV RI had
lower mortality and ICU admission rates (p<0.001)
(Figure 3).

Discussion

Our study aimed to evaluate the clinical and
organizational efficacy and safety of an incremen-
tal respiratory support protocol in a population of
COVID-19 patients initially hospitalized in non-ICU
wards. In the face of a full-scale emergency, character-
ized by an enormous imbalance between the request
for ICU beds and their availability, studies from dif-
ferent countries show that 11%—62% of patients di-
agnosed with severe or critical SARS-CoV-2-related
interstitial pneumonia were treated with non-invasive
ventilation(13-15). In Italy, NIV was widely used, par-
ticularly outside the ICU, to deal with the enormous
assistance burden we were facing at the peak of the
first pandemic wave during the spring of 2020 intro-
ducing a novel organizational model (15, 16)

Even in the presence of contrasting evidence re-
garding NIV application in the context of other respir-
atory virus pandemics, with success rates varying from
7.6 % to 90% (10-12), our results indicate that NIV
might be effective, especially in overweight and obese
patients who are more prone to suffering the negative
effects of invasive ventilation, if coupled with an inte-
grated approach to the patient. In fact, mortality rate
was comparable among patients who were assisted in
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ordinary wards and those who were transferred to the
ICUs (57.3% vs 54%). This result is in-line with those
provided by other studies (17, 18). Based on our cri-
teria, 19.9 % of patients responded positively to NIV,
avoiding the need for invasive ventilation and eventual
death. This result is similar to the evidence already pre-
sent in the literature (19), and we report a higher suc-
cess rate compared with other studies, which showed
failure rates up to 91.5% (20),

One of the first difficulties we had to face in our
real-life experience was that NIV is an aerosol gener-
ating procedure (AGP) that can expose doctors, nurses
and other healthcare workers to the risk of SARS-
CoV-2 infection, as reported in previous studies de-
scribing the severe acute respiratory syndrome (SARS)
epidemic (10, 21-23). However, there were no cases of
transmission to the members of our medical team who
correctly used personal protective equipment (PPE);
this shows that with adequate precautions, NIV is safe
in non-intensive settings, as already reported in other
studies (19, 24-27)

Analysis of our data seems to suggest that sup-
porting patients affected by SARS-CoV-2-related in-
terstitial pneumonia with NIV from an early stage can
contribute to improved oxygenation, and consistently
reduce the need for ICU beds. This has multiple posi-
tive effects both on patient and caregiver perspective.
On the one hand, non-invasive ventilation can decrease
respiratory muscle fatigue, therefore the need to resort
to endotracheal intubation (ETT), invasive ventilation-
related complications, such as ventilator acquired pneu-
monia (VAP), delirium, ICU-acquired syndrome, and
oversedation(28). On the other hand, we implemented
an organizational model based on the cooperation be-
tween ward doctors and anesthesiologists, who acted as
counselors and treated severely ill patients in 300-plus
bed inpatient facilities. In this setting, anesthesiologists
planned and followed NIV treatment, monitoring the
clinical course and identifying those patients at risk of
unfavorable outcome as quickly as possible to arrange
transfer to an ICU. In the presence of contraindica-
tions, or when care intensity escalation was not possible,
they administered palliative sedation.

On the other hand, NIV could be associated with
relevant detrimental effects, such as acute lung injury
caused by excessive tidal volume (10, 29)

Our results seem to suggest that NIV, delivered
mainly by helmet in a non-intensive environment,
might be highly effective for the treatment of COV-
ID-19-related AHRE, if coupled with attentive and
continuous counseling.

One of our most interesting findings was the fact
that at time points 1 and 2 RI was not significantly
different between patients who later developed a nega-
tive hospital outcome (in-hospital death or ICU ad-
mission) and those who were discharged from ordi-
nary wards , indicating that the effect of NIV becomes
evident over a longer period (Figure 3). This finding
could prove to be useful to assess NIV effectiveness
in multiple contexts, as its use has become more and
more widespread in recent times, both in the pre-ICU
and post-extubation setting,(6) and randomized clini-
cal trials confirmed its beneficial effects in the pres-
ence of AHRF (3), even when caused by community
acquired pneumonia (3, 30). Evidence also supports its
implementation to prevent, or treat, postoperative res-
piratory failure (31), especially in obese patients (32).

In addition, mortality observed in patients who
underwent endotracheal intubation after failing NIV
(n=74,32%) did not exceed the value we registered in
patients who spent their entire hospital stay in non-
intensive wards (54.1% ws. 57.3%), which was consist-
ent with findings in other studies (33) . Our mortality
was lower compared with other centers in Italy(16).

These data, even if calculated on quite a small pop-
ulation of patients (n=231), appears to support the claim
that a possible delay in ETT in COVID-19 patients,
who did not show an effective response to the first NIV
trial, should not be considered a risk-factor for death,
and is not responsible for a worse outcome than in those
subjects treated entirely in a non-invasive setting.

We performed analyzed CPR, PCT, D-dimer,
glycemia and RI in an obese and non-obese popula-
tion with regard to negative hospital outcome (in-
hospital death and/or ICU admission) (Figure 4) find-
ing a statistically significant difference for D-dimer
at admission (p=0.014), which was lower in subjects
with a BMI>30, who survived until hospital discharge
and were not transferred to the ICU. This evidence,
coupled with a higher mean BMI observed in the
responder and survived patient groups (p=0.017 and
0.021, respectively), may suggest that those patients
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| In-hospital death and/or ICU admission I
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Characteristics

Figure 4. Comparison between normal/overweight and obese population, based on unfavourable hospital outcome (in-hospital death
and/or ICU admission). Normal/overweight patients: BMI < 30 kg/m?* Obese patients: BMI 30 kg/m?. Logistic regression was ap-
plied on flogistic reactants, blood glucose and D-dimer at hospital admission.Logistic regression: D-dimer p=0.014 Glu p=0.034

CRP p=0.4 Pct p=0.6 P/F p=0.3.

who were tendentially hospitalized earlier during their
clinical course due to this risk factor might have reaped
the benefit of prompter respiratory support initiation.

This study presents several limitations: it was de-
signed as a retrospective, monocentric observational
study and based on data collected during a full-scale
emergency. Moreover, due to the overwhelming influx
of patients, hospitalization was frequently possible only
at an advanced-disease phase, characterized by an al-
ready relevant flogistic state that could have had a nega-
tive impact on patient outcome, even if pCO2 and pH
on admission (35.5+7.8 mmHg and 7.46+0.05, respec-
tively) showed that respiratory muscle exhaustion had
not yet developed. This claim appears to be supported
by our laboratory data, showing already significantly
increased flogistic reactants values at hospital admission.

Conclusion
In conclusion, this approach is feasible and safe

for healthcare workers, and has made it possible to re-
duce, or at least slow down, a simultaneous overwhelm-

ing ICU influx of patients with COVID-19-related
ARHF(6, 8, 34) and mortality outcomes observed in
our study population are comparable to the evidence
found in the literature on the same topic (35).

It will be important to extend the use of the NIV
method during possible future pandemic waves, in-
cluding anthropometric and laboratory parameters
and lung ultrasound (LUS (33, 36)), in a comprehen-
sive patient evaluation model aimed at optimizing
ventilatory support, as RI alone cannot be considered
an accurate benchmark.

Artificial intelligence (AI) and machine learning
(ML (37) ) will undoubtedly help to create the diag-
nostic and therapeutic predictive models that we des-
perately need to properly and fairly allocate resources
to those patients who could reap the greatest prognos-
tic benefit.
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