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Abstract: Background: The role of inhaled Nitric Oxide (iNO) in managing Acute Respiratory Distress
Syndrome Covid-19 related (C-ARDS) is debatable. The study aimed to analyze the effect of iNO
administration in patients with persistent severe hypoxia and Intensive Care Unit (ICU) mortality. Methods:
This retrospective study included 98 consecutive critically ill patients with C-ARDS admitted to ICU from 1
October 2020 to 31 October 2021. Results: Of these patients, 28% had received iNO. Twelve (44.4%) were
responders. Kaplan-Mayer plot shows mortality was higher in non-responders (86.6 vs 25.0%). Non-response to
iNo was the most important predictive value (p. 0.01). The Receiver Operating Characteristic (ROC) curve for
a percentage increase in PaO: from baseline confirmed that it had a higher predictive value for in-hospital
survival. A value of 19% can predict the death event with a sensitivity of 81.8% and a specificity of 81.2%.
Conclusions: Therefore, we propose to use iNO as a vasoreactivity test for prognostic stratification in patients
with persistent severe hypoxia.
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1. Introduction

The Coronavirus Disease 19 (COVID-19) infection is a pandemic disaster. Up to 26% of infected
patients require Intensive Care Unit (I.C.U.) treatment, out of whom 61% develop acute respiratory
distress syndrome (ARDS) [1,2]. Once ARDS Covid-19 related (C-ARDS) with Hypoxemia has
established, invasive therapy becomes indispensable [3]. As such, inhaled Nitric Oxide (iNO) was
tested as an alternative rescue solution for coronavirus disease [4]. In 2004, during the Middle East
Respiratory Syndrome-Coronavirus (MERS-CoV) spread out, iNO was shown to improve the
Ventilation/Perfusion (V/Q) ratio in infected patients [5].

Nevertheless, a 2016 Cochrane Review does not recommend the routine use of iNO in patients
with ARDS because its use could not improve the prognosis [6]. Nowadays, the role of iNO in
managing severe hypoxia due to COVID-19 infection is still a subject of debate. Despite lacking
clinical data, the Surviving Sepsis Campaign recommends using iNO as a rescue therapy in patients
with severe and persistent Hypoxemia [3]. Indeed, not all patients are responders to iNO
administration. The rates of response range between 25% and 65% across the studies [7,8]. Our
research aimed to analyze the predictive value of response to iNO administration in patients with
persistent severe hypoxia due to COVID-19 infection.

2. Materials and Methods

This is a retrospective, single-centre observational study conducted at Misericordia Hospital,
representing the Covid-Hub of the whole province of Grosseto (250,000 inhabitants), Italy.

© 2024 by the author(s). Distributed under a Creative Commons CC BY license.
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According to Berlin's definition [9], ARDS was defined in all patients requiring invasive
mechanical ventilation. In the case of Hypoxemia with Partial pressure of oxygen/Fraction of Inspired
Oxygen ratio <150 mmHg (PaO2/FiO: ratio), a multistep clinical approach (neuromuscular blockers
and prone position) was performed, as recommended for ARDS management [6]. If Hypoxemia with
PaO2/FiO2 ratio < 150 mmHg persists, clinicians have considered administering iNO. For the survival
analysis, we considered all the causes of death. We defined three death causes: Multiorgan Failure
(M.O.F.) related to severe hypoxia; M.O.F. related to other reasons; Cardiac death when correlated
with acute heart failure, cardiogenic shock, or sudden death. The study included the analysis of
consecutive critically ill patients with COVID-19 infection, as confirmed by severe acute respiratory
syndrome-Coronavirus-2 (SARS-CoV2) polymerase chain reaction on nasopharyngeal swab
specimens, according to WHO guidance [10], admitted to I.C.U. Inclusion criteria were: 1) adult age
(218 years old); 2) severe Hypoxemia requiring intubation and mechanical ventilation; 3) persistent
PaO:/FiO: ratio <150 mmHg despite prone position (P.P.). The exclusion criteria were: 1) non-
confirmed SARSCoV-2 infection; 2) L.V.EF. <40% with or without moderate/severe mitral
regurgitation on transthoracic echocardiographic assessment. Patients were divided into Group 1 =
non-responders and Group 2 = responders. Demographic, epidemiologic, and clinical data were
collected from anonymized electronic medical records at I.C.U. Admission, on the day (T0)
immediately before each rescue therapy, was performed, 1 hour after the beginning (T1), and after
discontinuation of treatment (T2). All clinical values, such as arterial blood gas and ventilation
settings, were collected in the supine position over TO, T1, and T2. Between T0 and T1, the ventilatory
setting and FiO2 were not changed. A simplified method of calculating the mechanical power in
Pressure Control proposed by Becher et al. and in Volume Control by Gattinoni et al. has been
reported below [11,12]. Pulmonary involvement was assessed through the C.T. involvement score
(CT-IS) based on the study model by Chung [13]. The events were recorded during the entire duration
of the I.C.U. Stay. In our centre, no patient withdrew from pharmacological or invasive treatments
such as ventilation. Patients were sedated with propofol, remifentanil, and often midazolam if
required, paralyzed with a continuous infusion of atracurium. They were ventilated in pressure or
volume-controlled mode, aiming to maintain Plateau Pressure (Pplat) <28 cmH:0, using a Tidal
Volume (T.V.) of 4-8 mL/kg of predicted body weight. The decision to do any rescue therapy was
related to the clinician’s evaluation and judgment. In our institution, iNO, such as rescue therapy,
was considered when patients presented severe C-ARDS with PaO:/FiO2 ratio <150 mmHg for more
than 6 hours with worsening clinical course and despite the prone position. Each pronation cycle was
maintained for at least 16 hours. Responders to pronation were defined as patients whose PaO:
increased by at least 10 mmHg or more after 30 minutes of the prone position and non-responders in
whom the increase did not occur [14,15]. iNO administration was performed through the iNOmax
DSir® delivery system supplied to our centre. Patients underwent multiple cycles of pronation. iNO
administration details:

iNO was given after the failure of at least one pronation cycle.

iNO was continuously administrated during a supine than prone position.

iNO administration during the first hour was performed up to the maximum dose of 30 ppm for
all patients to define their response.

Response to iNO was defined as a 20% increase in PaO2/FiO2 at T1 compared to TO [16].

iNO dosage was at the clinician's discretion and varied according to clinical needs.

Discontinuation of iNO administration was carried out gradually according to the weaning
procedures in use at our centre [17].

Continues variables were expressed in mean/standard deviation (S.D.) if normal distribution, or
median [25-75 percentile] if non-normal distribution. The normal continuous variables were
compared by T-test for two independent samples. Non-normally distributed variables were
compared by the Wilcoxon signed-rank test. The comparison between variables in frequencies by
Chi2. The normality of continuous variables was tested by the Shapiro-Wilk test. The Receiver
Operating Characteristic (R.O.C.) curve was used to determine the accuracy of predictive values.
Responders vs non-responders were stratified patient survival by Kaplan-Mayer (K.M.) Curve.
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Significance was calculated by the log-rank test. Hazzard ratio (H.R.) and Confidence Intervals (CI)
for death were based on the multivariable Cox proportional hazards model (backward selection).
Univariate and multivariate logistic regression was used to identify responders’ predictors
(backward selection). Multivariate models included the relevant clinical findings and the significant
variables in the univariate analysis with p <0.01.

A p-value <0.05 was considered statistically significant. R Cran for Windows 11 was used for all
analyses.

Ethics approval: This research study was conducted retrospectively from data obtained for clinical
purposes. All the procedures being performed were part of the routine clinical care. The study was
conducted according to the 1964 Declaration of Helsinki and authors are complying with the specific
requirements of their institution and their countries.

The study was approved by Misericordia Hospital’s ethics committee, N: 23275-2022-11 on 21
November 2022.

3. Results

From Oct 1, 2020, to Oct 31, 2021, ninety-eight patients, who required Oro-tracheal Intubation
(O.T.L) for C-ARDS, were admitted to .C.U. The mean age was 70.66 (11.4) years. The time from
symptoms onset to I.C.U. Admission was 10.00 (5.5) days. The demographic and clinical
characteristics of the entire population are shown in Table S1. Twenty-seven of them (28%) received
iNO. Of these patients, twelve (44.4%) were responders, while fifteen (55.6%) were non-responders.
All subjects underwent echocardiography before iNO administration, while H.R.T.C. was performed
on 74% of patients (20/27). The demographic and clinical characteristics of the two groups are shown
in Table 1. Therapy length was 6.27 (3.71) days in non-responders and 7.82 (4.55) in responders; the
difference was not significant (p. 0.35). The time from symptoms onset to the beginning of iNO was
similar in the two groups (p. 0.53): 6.33 (5.23) days in non-responders and 4.91 (6.13) in responders.
The time from intubation to the beginning of iNO administration was also not significantly different
between the two groups; 5.07 (4.75) days in non-responders vs 4.18 (5.86) in responders (p. 0.67).
Changes in respiratory and inflammatory variables during the treatment between non-responders
and responders were reported in Table 52. The univariate analysis showed that SOFA scores were
positive predictors of iNO response, while previous P.N.X. and elevated D-Dimer values were
negative predictors. The Multivariate Logistic Regression model, adjusted for clinically significant
covariates and those that resulted significantly in univariate analysis, showed that a high SOFA score
was the most important independent predictor of iNO response with a p. 0.04 (Table 2). Finally, the
R.O.C. curve analysis of prognostic factors of in-hospital survival for patients with C-ARDS was
presented in Figure 1. The Area Under Curve (A.U.C.) for a percentage value of PaO2/FiO: ratio
increase from baseline was 0.89, which confirmed that this factor has a higher predictive value for in-
hospital survival. A 19% increase in PaO2/FiO: can predict the death event with a sensitivity of 81.8%
and a specificity of 81.2%. Thirty-seven (37.7%) out of the ninety-eight patients died during I.C.U.
Stay. Seventeen (62.9%) of these deaths occurred to the twenty-seven patients to whom iNO was
administered. Fourteen (87.6%) individuals died by M.O.F. due to severe hypoxia, one (6.2%) death
was caused by M.O.F. non-Covid-19 related, and one (6.2%) was a cardiac death. Mortality was
higher in group 1 vs group 2: 86.6% vs. 25.0%, respectively. Figure 2 (above) depicts K.M. plots of all
patients: those who were treated with iNO showed a similar survival compared with controls (not
subjected to iNO), 31 days (95% CI 19.1 to 42.9) and 33 days (95% CI 16.6 to 49.4), respectively. In
Figure 3 (below), a K.M. plot visualizes patients' mortality stratified by groups (responders, non-
responders, and controls). Therefore, median survival time resulted higher in responders (>80 days)
than in non-responders and controls: 20 (95% CI 11.9 to 28.0) and 33 days (95% CI 16.6 to 49.4),
respectively. At the univariate analysis, age, iNO responders, O.T L. to iNO time, Baricitimab, and D-
dimer, were predictive values for mortality. Multivariate Proportional hazard Cox Regression model
showed that the absence of response to iNO was the most important predictive value for mortality
(p- 0.00). PaO2/FiO2 ratio (p. 0.03) and lack of P.N.X. (p. 0.02) were also predictive factors (Table 3).

d0i:10.20944/preprints202403.1276.v1
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Table 1. Demographic and clinical findings in iNO Non-responders and Responders.

Variable (T0) Non-responders Responders P

value

Age (years) 71.69 (8.74) 64.18 (11.16) 0.07

Female sex (%) 7 (46.67) 7 (58.33) 0.69

BSA (m2) 1.99 [1.79 - 2.21] 1.98[1.92-2.19]  0.45

BMI (kg/m?2) 31.54 (7.83) 29.06 (6.54) 0.38
Chronic Ischemic Disease (%) 1(6.67) 1(8.33) 0.87
Diabetes (%) 1 (6.67) 3 (25.00) 0.18
Hypertension (%) 8 (53.33) 7 (58.33) 0.79
Chronic Kidney Disease (%) 0 (0.00) 1(8.33) 0.25
Neoplasm (%) 2 (13.33) 0 (0.00) 0.19
Obesity (%) 6 (40.00) 7 (58.33) 0.34

COPD (%) 5(33.33) 6 (50.00) 0.38
Autoimmune Disease (%) 2 (13.33) 0 (0.00) 0.19
Prior Stroke (%) 2 (13.33) 1(8.33) 0.68
Charlson CorrTorbidity Index 312-5] 312-5] 0.87

(points)

SOFA Score (points) 714-8] 8[4-8.5] 0.13
Pneumotorax (%) 6 (40.00) 2 (16.67) 0.18

CT involvement score (CT-IS) 19 [18 - 25] 22 [15.5 - 24] 0.90
Noradrenaline (%) 8 (53.33) 8 (66.67) 0.48
Baricitimab (%) 1 (6.66) 3 (25.00) 0.18
Rendesemir (%) 2 (13.33) 1(8.33) 0.68
Furosemide (%) 80.00 [75.00 - 100.00] 60.00 [40.00 - 0.08

80.00]

PH 7.48 [7.34 - 7.49] 7.39[7.33 - 7.47] 0.39

PaOz (mmHg) 67.66 (18.21) 70.70 (15.14) 0.43
PaCO:z (mmHg) 58.60 (29.58) 49.24 (8.74) 0.53
PaO2/FiO2 Ratio (mmHg) 97 (30) 93 (0.26) 0.69
Arterial Lactate (mMol/]) 1.76 (0.53) 1.69 (0.68) 0.09
Methemoglobin (%) 0.35 (0.17) 0.39 (0.15) 0.57

o 94.00 [91.50 -

SpO:z (%) 95.00 [91.50 - 96.50] 95.20] 0.56

NIMV* (%) 15 (100.00) 11 (91.67) 0.25

PC ventilation (%) 12 (80.00) 12 (100.00) 0.11

VC ventilation (%) 3 (20.00) 0 (0.00) 0.66
Prone position (%) 15 (93.33) 12 (100.00) 0.36
Effective prone position™ (%) 13 (86.88) 12 (100.00) 0.83
Support Pressure (cmH:0) 18.80 (4.03) 19.17 (2.59) 0.82
PEEP (cmH20) 8.53 (2.90) 10.00 [2.05] 0.11

Peak Pressure (cmH20) 28.00 [25.50 - 31.00] 29'5:? 1[22']75 - 0.57
Pplat (cmH20) 19.27 (7.41) 15.42 (9.08) 0.22
Driving Pressure (cmH20) 14.64 (3.35) 13.80 (4.71) 0.69
Mechanical Power (j/min) 19.73 (9.54) 14.60 (9.01) 0.17
RR (b/min) 20.40 (4.47) 20.08 (3.34) 0.84

Tidal Volume (ml) 476.00 (103.29) 482.50 (69.30) 0.85
C-stat (ml cmH201) 31.13 (10.40) 34.7 (4.37) 0.31
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FiO2 (%)

Body temperature (°C)
PAm (mmHg)
Heart Rate (bpm)
Prior Atrial Fibrillation (%)
LVEF%

VDX D-Shape (%)
Tapse (mm)

sPAP (mmHg)

IC diameter (cm)

Hemoglobin (g/dl)

IL-6 (pg/L)
White Cell (x1073/uL)
Troponin (ng/dl)

Glycemia (mg%)
Creatinine (mg/dl)
D-Dimer (mg/L)
Procalcitonine (microgr/L)

CRP (mg/dl)

The onset of symptoms to ICU
admission (days)
Ward to ICU admission (days)

0.70 [0.65 — 0.77]

36.90 [36.00 — 37.15]
84.73 (11.67)
71.00 [66.00 — 95.50]
3 (20.00)
64.00 (3.87)

1 (6.66)
20.07 (0.96)

20.00 [20.00 - 32.50]
1.84 (0.44)

11.40 [10.30 — 12.55]

27.90 [16.32 — 42.65]
12.654 (5.921)
21.70 [12.45 — 25.50]

191.33 (51.06)
0.91[0.79 - 1.11]

2.21[1.17 - 12.54]
0.19 [0.15 — 0.40]

11.00 [4.53 —13.31]

9.67 (5.96)
5.2 (5.01)

0.7510.70 - 0.90] 0.10

36.10 [35.98 -
37.00] 0-24
82.18 (10.54) 0.57
72.50 [65.75 -
87.25] 095
1(8.33) 0.39
61.36 (6.74) 0.21
0. (0.00) 0.38
21.09 (1.57) 0.05
21.00 [20.00 —
30.75] 088
1.61 (0.42) 0.19
12.45 [11.00 —
12.70] 071
23.40 [11.99 —
69.03] 095
13.794 (6.179) 0.63
10.15 [7.77 -
21.27] 0.09

158.91 (46.69) 0.08
0.69[0.49-1.01]  0.32
1.53[0.80-2.18]  0.18
0.20[0.14-0.30]  0.83

16.07 [11.38 —
21.46] 0.13
10.45 (5.08) 0.72
5.36 (4.61) 0.93

Categorical variables: number (percentage); continuous variables: median [25-75 percentile] or mean (SD).
Abbreviation: iNO, inhaled nitric oxide; BSA, body surface area; BMI, body mass index; COPD, chronic
obstructive pulmonary disease; CT, computed tomography; PaO:, partial pressure of oxygen; PaCOz, partial

pressure of carbon dioxide; NIMV, non-invasive mechanical ventilation; PEEP, positive end-expiratory

pressure; FiO2, inspired fraction of oxygen; C-stat, static pulmonary compliance; Pam, mean arterial pressure;

LVEF%, left ventricular ejection fraction; IC, inferior cava; IL-6, interleukin 6; sPAP, systolic pulmonary arterial

pressure; CRP, C-reactive protein; ICU, intensive care unit; Pplat, pressure plateau; RR, respiratory rate; SpO,

pulse oximetry saturation. TO: the time before iNO administration. *: one non-invasively ventilated patient for

contraindications. : the prone position was not performed on two patients due to contraindications.

Table 2. Uni and Multivariate Logistic regression analysis of predictors for iNO Responder.

Univariate Multivariate
o p- adjusted o p-
HR 95% C.IL. value HR 95% C.IL. value
Lower Upper Lower Upper
Limit Limit Limit  Limit
Age (years) 0.92 0.85 1.01 008 0.82 0.69 096 0.01

Male sex 1.37

0.29 6.54 0.69

7.44 0.60 91.01 0.11
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PaO2/FIO2 Ratio 079 005 952 079 417 002 836 059
(mmHg%)
PaCO2 (mmHg) 098 094 103 046 163 089 102 020
Noradrenaline 2.33 0.44 12.40 0.32
SupportPressure o 40 000 12820 076 071 048 105 0.08
(cmH?20)
PEEP (cmH20) 126 091 175 017 132 076 229 033
Sofa Score (points) 128  0.89 184 019 193 103 362 004
Charleston 102 062 169 092 248 079 770 011
Comorbidity Index
ICU admisssion to iNO

. 0.95 0.81 1.10 051 091 0.76 1.08 0.28
time (days)

Abbreviation: T0, the time before iNO administration; HR, hazard ratio; SE, standard error; iNQO, inhaled nitric
oxide; PaOy, partial pressure of oxygen; PaCOs, partial pressure of carbon dioxide; FiO2, inspired fraction of

oxygen; PEEP, positive end-expiratory pressure; ICU, intensive care unit.

Table 3. Uni and Multivariate Cox regression analysis of prognostic factors for In-Hospital survival
in ARDS Covid-19 correlate patients.

o p- adjusted o p-
HR 95,0% CI B os0ncr B
Lower Upper Lower Upper
Limit  Limit Limit  Limit
Non-response - 167 2187 000 1610 257 10097 0.00
to iNO
Age (years) 1.03 0.98 .09 018  1.05 093 115 053
Pa®:/FiOzratio ) ) 009 293 046  0.07 000 074 0.03
(mmHg)
Peak Pressure ) 1.06 147 000 093 074 117 057
(cmH-0)
C-stat (ml
stat (m 0.94 087 101 010 092 084 101 0.09
cmH201)
sPAP (mmHg)  1.02 0.98 106 034  1.00 091 109 095
Pneumothorax ~ 1.20 0.41 352 074  0.16 003 072 0.02

C.C.I (points) 0.88 0.64 1.22 0.45 0.65 0.39 1.06  0.09
Baricitimab 0.10 0.01 0.81 0.03 0.51 0.01 1755 0.71

SOFA Score ) 59 081 122 098 114 070 185 059
(points)

OTltoiNOstart ) 1.00 119 004 111 098 134 0.10
(days)

Female Sex 0.84 0.46 1.53 0.57 1.22 0.19 777 0.83

Abbreviation: TO: the time before iNO administration; HR, hazard ratio; SE, standard error; iNO, inhaled nitric
oxide; C-ARDS, acute respiratory disease syndrome Covid-19 related; PaO:, partial pressure of oxygen; PaCOs,

partial pressure of carbon dioxide; FiOz, inspired fraction of oxygen, PEEP, positive end-expiratory pressure;
CT, computed tomography; ICU, Intensive Care Unit; BMI, body mass index; BSA, body surface area; OTIL, oro-
tracheal intubation; sPAP, systolic pulmonary arterial pressure; CRP, C-reactive protein; NIMV, non-invasive
mechanical ventilation; C-stat, static pulmonary compliance; Pplat, pressure plateau; PPM: parts per million.
C.C.I.: Charleston Comorbidity Index.
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Figure 1. ROC curve analysis of potential prognostic factors for in-hospital survival of patients with
C-ARDS. Predictive capacity of % increase in PaO2 (AUC 0,88), C-stat (AUC 0,79), Sofa Score (AUC
0,62) and Charlson Comorbidity Index (AUC 0,42) for in-hospital survival of patients with C-ARDS.
Abbreviation: C-stat, pulmonary static compliance; AUC, area under curve.
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Figure 2. Kaplan Mayer plots adjusted for covariates of survival analysis. Above: Kaplan Mayer plots
adjusted for covariates of survival analysis in patients subjected to inhaled nitric oxide and control
patients (not inhaled nitric oxide administration); Under: Kaplan Mayer plots adjusted for covariates
of survival analysis in responders’, non-responders and control patients.

Figure 3. CT findings in responders and non-responder patients. Responders (Left); A=Apical scan;
B=Medium scan; C=Basal scan. Not-responder (Right); D=Apical scan; E=EMedium scan; F=Basal scan.
Abbreviation: CT, Computed Tomography.

4. Discussion

Proof of iNO efficacy in coronavirus disease dates back to 2004. However, several studies
showed conflicting results. In a recent review, several single or multicenter studies had contrasting
results regarding improvement in oxygenation and mortality [18]. Some authors, like Ferrari [19] and
Abou Arab [20], have not detected a significant change in the PaO2/FiO: ratio in patients with severe
Hypoxemia. While others, like Chen and colleagues, have administered iNO in ARDS patients,
recording an improvement in severe hypoxia and shortening the timing of ventilatory support
compared to matched control patients [4]. Recently Di Faenza et al demonstrated in non-ventilation
patients that The use of high-dose inhaled nitric oxide resulted in an improvement of Pao2/Fioz at 48
hours compared with usual care in adults with acute hypoxemic respiratory failure due to COVID-
19 [21].

Dessap et al report the benefits of iNO in improving arterial oxygenation in C-ARDS patients,
improvement seems more relevant in the most severe cases, and in patients with ECMO criteria, an
iNO-driven improvement in gas exchange was associated with better survival [22].

iNO improves arterial oxygenation by alleviating the V/Q ratio. It usually resolves Hypoxemia
by dilating the blood vessels of those lung regions open to ventilation (and iNO). In this way, it
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diverts the blood flow away from areas of alveolar consolidation, thus reducing the functional shunt
[5]. However, no one has ever given the weight that not all patients respond in the same way to the
administration of nitric oxide, and it is known that some respond and others do not. Could this
answer be used for prognostic purposes? In our opinion, it could, of course. Our study highlighted
how the patient who responds to nitric oxide has much lower mortality. However, the
pathophysiological reason is not known.

Almost all authors focused only on the anatomical component in explaining C-ARDS
pathophysiology. Gattinoni and colleagues described two clinical-pathological phases in the context
of COVID-19 pneumonia. Initially, isolated viral pneumonia (type L) presents with near-normal
compliance, low V/Q ratio, and low lung recruitment capacity. Subsequently, COVID-19 pneumonia
(type H) meets stringent ARDS criteria with low compliance [23]. These authors have assumed that
iNO therapy should ideally be initiated in the early transition between the two phases as there is an
increase in shunt and, therefore, still the recruitment capacity [24]. Other authors had hypothesized
that in some patients with C-ARDS (especially those of "type L"), pulmonary shunt, resulting from
diffuse alveolar damage, is not the only mechanism explaining Hypoxemia [25]. Vascular and
perfusion abnormalities such as pulmonary embolism appear higher in COVID-19 pneumonia than
in classic ARDS [26-28]. Perhaps this is due to a specific pulmonary procoagulant pattern [29], which
causes alveolar capillary microthrombi, as revealed by post-mortem studies [30,31]. Ackermann et al.
reported intussusceptive angiogenesis, which explains pulmonary vascular endotheliosis,
thrombosis, and angiogenesis in COVID-19 [32]. These mechanisms concur with pulmonary
vasoconstriction, a possible tool for V/Q mismatch and Hypoxemia during C-ARDS. These
abnormalities represented the anatomical component. Beyond this, there could be a functional and
reversible constituent, likely linked to endothelial dysfunction with consequent vasoconstriction at
the level of the vascular bed, especially the alveolar, which involves a reduction in V/Q. This could
be explained by the inflammatory cytokine storm induced by a viral infection [33]. Therefore, the
higher the cytokine load, the greater the functional share. However, the two components, anatomy
and function, coexist and combine to varying degrees. Thus, different degrees of severity and
probably variously responsive patterns to iNO are determined. The stimulation with iNO is less
effective in the case of severe anatomic (irreversible) damage from dysfunction of the endothelium
[34] and more effective in the presence of a more significant share of the functional component
(reversible). Moreover, inhaled nitric oxide can highlight the existence of this functional constituent,
which is also reversible and variable from patient to patient. At this stage, when the functional
element is sufficiently represented, there would be a more significant response to the administration
of iNO. Which would allow the identification of these patients with a significant reversible share
(responders) and a better prognosis. This component occurred at the microcirculation level and often
had a mosaic distribution [28] challenging to detect with instrumental methods such as C.T. We did
not find any differences between the C.T. scans in the two groups.

Consequently, the functional component can be well represented even in severe C.T. scans or be
scarce or absent in mild images. Therefore, the absence of response to iNO cannot be attributed to a
greater extent of ground glass opacities in non-responders (Figure 3). Therefore, our results have
identified iNO therapy as able to recognize the presence of this functional and reversible component
and consequently its importance as a relevant discriminant of the prognosis. Indeed, we found that
mortality was higher in non-responders than in responders (86.6% vs 25.0%, respectively). Our
results align with a previous study by Caplan and colleagues, who also found a reduction in mortality
in subjects who responded to iNO [35]. Unfortunately, not all patients respond to nitric oxide
administration. In (the) literature, the percentage of responders varies from 25 to 65% [7,8]. In our
population, 44% of patients (have) responded to iNO. The R.O.C. curves showed that a PaO: value
of 19% has a predictive value with a sensitivity of 81.8% and a specificity of 81.2%, very close to our
threshold value used a priori to distinguish responders from non-responders. Therefore, in patients
with severe persistent Hypoxemia, such as in the idiopathic pulmonary hypertension guidelines [36],
we propose using iNO to evaluate the reversibility of severe hypoxia to stratify the prognosis (iNO
test).
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Several limitations of this study need to be mentioned. Firstly, this was a single-centre study
with a small number of patients. Secondly, it had a retrospective design. Thirdly, iNO was not
integrated into a therapeutic algorithm, and its infusion was performed at different stages of 1.C.U.
Stay. Finally, it was impossible to perform lung scintigraphy to evaluate the V/Q mismatch for
logistical reasons.

5. Conclusions

The administration of iNO has determined a temporary improvement of the V/Q ratio, especially
in patients defined as responders to therapy. The percentage of patients who responded to treatment
was about 44.4%, generally the subjects with the highest SOFA score. Those who did not respond to
the iNO administration showed a higher mortality rate than those who did. The 19% increase in PaO:
was a positive predictor of mortality, and this could be used as a prognostic stratification test with
an 81.8% sensitivity and 81.2% specificity. Therefore, we propose using iNO as a prognostic
stratification test in C-ARDS patients with persistent severe hypoxia. Further studies must confirm
our results and evaluate any clinical and therapeutic implications.
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