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ABSTRACT

Aim To identify predictive factors related with noninvasive venti-
lation (NIV) failure that are not based on the patient's respiratory 
status or acid base gas analyses in COVID-19 critically ill patients, 
and to create a predictive model of NIV failure.

Methods A total of 73 COVID-19 critically ill patients who deve-
loped acute respiratory failure and underwent NIV were divided 
into two groups: Group 1, patients who required endotracheal in-
tubation and invasive mechanical ventilation after NIV and Group 
2, patients with successful weaning from NIV. Demographic data, 
clinical symptoms and signs, clinical index and scores, duration 
indicators and laboratory data were analysed. Predictive factors 
of NIV failure were assessed using univariate and multivariate re-
gression analyses followed by the receiver operating characteristic 
(ROC) curve.

Results In the Group 1 (NIV failure) there were 54 (73.97%) pa-
tients. Predictive factors for NIV failure were: the presence of 
dyspnoea on the day of admission at hospital (p<0.05; sensitivity 
44.40%; specificity 84.20%), higher radiographic assessment of 
lung oedema score (RALES) on the day of starting NIV (p<0.009; 
sensitivity 70.40%; specificity 73.75%), higher length of NIV 
(p<0.014; sensitivity 48%; specificity 84.10%) and higher urea on 
the day of starting NIV (p<0.004; sensitivity 70.44%; specificity 
73.72%)

Conclusion NIV treatment in COVID-19 critically ill patients has 
a high failure rate. In addition to respiratory parameters, dyspnoea, 
higher RALES, higher length of NIV and increased urea value co-
uld predict NIV failure. These factors should be considered in tre-
atment decision making.
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INTRODUCTION

COVID-19 virus is a new, predominantly res-
piratory virus, first recognized in China, in De-
cember 2019 and has spread all over the world. 
Severe clinical condition with acute respiratory 
failure (ARF) caused by COVID-19 virus po-
ses a serious threat to citizens and healthcare 
systems or professionals (1,2). About 15-30% 
of patients with COVID-19 viral infection de-
teriorate to acute respiratory distress syndrome 
(ARDS) within the first two days of hospital 
admission and require some type of respira-
tory support (3). Conventional oxygen therapy 
by face mask, high-flow nasal oxygen, NIV or 
invasive mechanical ventilation (IMV) are used 
in the treatment of hypoxemic ARF observed 
in COVID-19 viral infection. The IMV requi-
res endotracheal intubation, which is associated 
with major medical complications, and which 
leads to significant medical costs. Indications 
for endotracheal intubation of patients with 
COVID-19 are strictly defined and based on the 
severity of hypoxemia, clinical respiratory va-
riables, or ventilation variables. These indicati-
ons should be limited to: airway protection (dis-
order of consciousness), severe decompensated 
acidosis (pH <7.20-7.25), severe hypoxemia 
(PaO2 <50 mmHg or SaO2 <90% -92%), signs 
and symptoms of tissue hypoxia (4).
The NIV is one of the first-line therapies in 
order to avoid endotracheal intubation in pa-
tients with ARDS (5). Limited data described 
a high rate of NIV failure in a previously re-
ported ARF caused by other types of coronavi-
rus infections, such as Middle East respiratory 
syndrome corona virus (MERS-CoV) or se-
vere acute respiratory syndrome corona virus 
(SARS-CoV) (6). The patients with COVID-19 
treated with NIV are admitted to intensive care 
units (ICU) under the constant supervision of 
experienced medical staff, capable of endo-
tracheal intubation (7).
Related factors that may impair ventilation and 
respiratory mechanics in NIV-treated patients 
and contribute to endotracheal intubation have 
not been precisely identified. Some studies have 
described risk factors for the requirement for 
NIV support in critically ill COVID-19 patients 
(8,9), but predictive factors for NIV failure are 
not sufficiently investigated. There is no con-

sensus among anaesthesiologists on acceptable 
predictors for NIV failure.
The aim of this study was to define predictive 
factors for NIV failure and the necessity of en-
dotracheal intubation among COVID-19 criti-
cally ill patients, regardless of the severity of 
hypoxemia, clinical respiratory variables, or 
ventilation variables. We evaluated the predic-
tive value of demographic parameters, clinical 
signs and symptoms, clinical index and scores, 
duration indicators, laboratory and radiological 
findings and created a corresponding model for 
prediction of NIV failure. 

PATIENTS AND METHODS	

Patients and study design

This single centered retrospective cohort stu-
dy was conducted over the period of seven 
months, between July 2020 and February 2021, 
in the Department of Anaesthesiology and In-
tensive Care Unit at the Cantonal Hospital in 
Zenica, Bosnia and Herzegovina. During the 
observed period, 186 patients were admitted 
to the ICU with COVID-19 ARF. After obta-
ining the Ethical Committee’s approval and 
a written informed patient consent, 73 adult 
patients fulfilled the study criteria and were 
included in the study. Inclusion criteria were 
patients with a positive reverse transcription-
polymerase chain reaction of nasopharyngeal 
swab samples for SARS-CoV-2, admitted to 
the ICU, presented with hypoxemic ARF and 
treated with NIV. Electronic data from the ICU 
medical reports were used. 
The patients were divided into two groups: Gro-
up 1 (54 patients, negative NIV outcome), pati-
ents whose ICU treatment started with NIV but 
required endotracheal intubation and invasive 
mechanical ventilation and Group 2 (19 patients, 
positive NIV outcome), patients whose ICU tre-
atment started with NIV and finished successful 
weaning from NIV.
One hundred and thirteen patients were excluded 
from the study due to non-fulfilment of the study 
criteria. Exclusion criteria were: the patients tre-
ated with conventional oxygen therapy by face 
mask, the patients treated with NIV less than 24 
hours, the patients with severe ARDS who requ-
ired immediate endotracheal intubation, uncon-
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scious patients and other contraindications for 
NIV such as facial abnormalities, fixed obstructi-
on of the upper airways and vomiting (Figure 1).

Pharmaceutical strategy. All patients were trea-
ted according to the diagnosis and treatment pro-
tocol of the new coronavirus infection (12). The 
therapy included corticosteroids, anticoagulants, 
proton pump inhibitors, and vitamin supportive 
therapy. Antiviral medications, antibiotics and 
immunomodulatory therapy were administrated 
in consultation with an infectologist, according 
to clinical status and laboratory findings.
Patients variables. The following variables were 
considered as possible predictors of NIV failure 
and involved in the regression analysis: demo-
graphic parameters, clinical symptoms and signs, 
clinical index and scores, duration indicators and 
laboratory data.
Demographic parameters involved age and gen-
der. Clinical symptoms and signs were recorded 
on the day of admission at hospital, marked with 
YES or NO and included: fever, cough, dys-
pnoea, chest pain, weakness, abdominal pain, 
diarrhoea, nausea, vomiting, headache, anosmia, 
myalgia, anorexia, heart rate, mean arterial pre-
ssure (MAP) and temperature.
Clinical index and scores were recorded on the 
day of admission to the ICU: Charlson Comor-
bidity Index (CCI) (13), Simplified Acute Physi-
ology Score II (SAPS II) and Acute Physiology 
and Chronic Health Evaluation II (APACHE II) 
(14). Radiographic Assessment of Lung Ede-
ma Score (RALES) (15) was performed in two 
following time: T1- on the day of admission to 
the ICU and T2- on the day of starting NIV. 
Evaluated duration indicators were measured in 
days: length of symptoms to the day of hospitaliza-
tion, length from admission day to starting of NIV, 
length of NIV and overall length of hospitalization. 
Laboratory data consisted of blood count, bio-
chemistry and immunology data. Blood samples 
for blood count (white blood cells, platelets, neu-
trophils, lymphocytes) and biochemistry parame-
ters (urea, creatinine, sodium and potassium) were 
taken in three following time periods: T1- on the 
day of admission at ICU, T2- on the day of starting 
NIV and T3- on the day of endotracheal intubation 
for Group 1 or on the day of successful weaning 
from NIV for Group 2. Blood samples for analysis 
of immunological parameters C-reactive protein 
(CRP) and procalcitonin (PCT) were taken in two 
following time periods: T1- on the day of admissi-
on at ICU and T2- on the day of starting NIV. 

Fig.1. Flow diagram of the study protocol

Methods 

Ventilation strategy. After the admission to the 
ICU, the patients were selected for NIV by an ana-
esthesiologist, according to the already established 
protocol at the ICU. Indications for the use of NIV 
were as follows: moderate to severe dyspnoea with 
tachypnea (≥25 breaths/min), use of accessory 
muscles, acid-base disturbance (pH <7.30; PaCO2 

>45 mmHg; PaO2 <45 mmHg), SpO2 <85% with 
FiO2 0.5 (10). Initial continuous positive airway 
pressure (CPAP) was delivered to the patient using 
an NIV mask with pressure values of 5-10 cmH2O. 
If hypoxemia (PaO2 <50 mmHg) or desaturation 
(SpO2<80%) persisted after NIV administration, 
the positive end-expiratory pressure (PEEP) was 
increased for 1-2 cmH2O, or inspiratory pressure 
was increased for 2-3 cmH2O to receive an inspi-
ratory volume of 6-8 mL/kg. In the case of further 
exacerbation, when patients met the criteria for en-
dotracheal intubation (severe acidosis pH <7.25; 
severe hypoxemia PaO2 <50 mmHg or impaired 
consciousness), IMV was used as the main ven-
tilatory support. In contrast, successful respiratory 
support with NIV was based on improving gene-
ral clinical condition of the patient, respiratory 
and heart rate, mental state and improving the gas 
exchange index (11). 
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Statistical analysis

Categorical variables were presented as frequ-
encies and percentages and analysed using χ2 
test. The Kolmogorov-Smirnov test was used to 
examine the normality of the distribution. Con-
tinuous variables were presented as means and 
standard deviation (SD) and analysed using 
Student’s t test. All collected data were compa-
red to identify the differences between the two 
groups. Statistical significance was considered as 
p< 0.05. Due to the dichotomous nature of the 
dependent variable (NIV failure), the logistic 
regression method was used for further statisti-
cal analysis. An univariate logistic regression 
analysis was used to calculate the independent 
association of each observed variable with NIV 
failure. Multivariate stepwise logistic regression 
was used to estimate the predictive model of NIV 
failure. Adjusted odds ratios (OR) and 95% con-
fidence interval (CI) were calculated for potential 
predictors. Predictive ability of variables in the 
NIV failure model was evaluated by the receiver 
operating curves (ROC); area under the curve 

(AUC), optimal cut-off, sensitivity and specifi-
city were calculated.

RESULTS

A total of 73 patients were included in the study. 
There were statistically significantly more males 
versus females, 49 (67.1%) and 24 (32.9%), respec-
tively (p<0.01). The mean age of the patients was 
65.3 (±9.81) years. There were 54 patients in the 
Group 1 (negative NIV outcome) and 19 patients in 
the Group 2 (positive NIV outcome). The NIV was 
applied with an overall success rate of 26%. 
There were no statistically significant differences 
in gender and age between the groups. The pre-
sence of dyspnoea, anorexia and increased MAP 
on the day of admission at hospital, higher RA-
LES on the day of starting NIV and higher length 
of NIV showed a statistically significant predicti-
ve value for NIV failure (p<0.05). The CCI score 
was statistically significantly higher in the Gro-
up 1 than in the Group 2 (3.37% versus 1.68%; 
p<0.045), but a predictive value for NIV failure 
was not recorded (p=0.114) (Table 1). 

Parameter
Patients group

p
Univariate analysis

p
Group 1 (n=54) Group 2 (n=19) OR 95% CI

Age (years) (Mean±SD) 65.23 ±8.73 65.49 ±11.31 0.367 0.99 0.94-1.04 0.690
Male/Female (No, %) 36/18 (49.3/24.7) 13/6 (17.8/8.2) 0.889 1.08 0.35-3.32 0.889
Clinical symptoms and sings (YES/NO)  
No (%)
Fever  42/12 (77.8/22.2) 16/3 (84.2/15.8) 0.551 1.52 0.16-2.63 0.553
Cough  36/18 (66.7/33.3) 16/3 (84.2/15.8) 0.146 0.37 0.09-1.45 0.157
Dyspnoea  30/24 (55.6/44.4) 3/16 (15.8/84.2) 0.026 0.23 0.06-0.89 0.034
Chest pain  6/48 (11.1/88.9) 17/2 (10.5/89.5) 0.944 1.06 0.19-5.77 0.944
Weakness  40/14 (74.1/25.9) 12/7 (63.2/36.8) 0.366 1.66 0.54-5.07 0.368
Abdominal pain  3/51 (5.6/94.4) 17/2 (10.5/89.5) 0.461 0.50 0.07-3.24 0.468
Diarrhoea 6/48 (13.0/87.0) 1/18 (5.3/94.7) 0.594 2.68 0.30-23.35 0.372
Nausea  7/47 (11.1/88.9) 3/16 (15.8/84/2) 0.355 0.66 0.14-2.9 0.596
Vomiting  5/49 (9.3/90.7) 1/18 (5.3/94.7) 0.585 1.83 0.20-16.80 0.590
Headache  2/52 (3.7/96.3) 1/18 (5.3/94.7) 0.768 0.69 0.05-8.90 0.769
Anosmia  10/44 (18.5/81.5) 1/18 (5.3/94.7) 0.165 4.09 0.48-34.33 0.194
Myalgia  14/40 (25.9/74.1) 17/2 (10.5/89.5) 0.163 2.97 0.60-14.53 0.178
Anorexia  21/33 (38.9/61.1) 2/17 (89.5/10.5) 0.022 5.40 1.13-1.09 0.034
Mean±SD
HR (beat/min) 101.69±18.83 104.21 ±18.48 0.616 0.99 0.96-1.02 0.610
MAP (mmHg) 100.11±14.42 90.61 ±12.92 0.013 1.05 1.00-1.09 0.019
Temperature (°C) 37.14±0.93 37.25 ±1.09 0.66 0.88 0.51-1.51 0.655
Clinical index and scores (%) (Mean±SD)
CCI  3.37±4.31 1.68±2.66 0.045 1.14 0.96-1.36 0.114
SAPS II  6.56±4.60 5.45±2.87 0.226 1.07 0.93-1.24 0.326
APACHE 22.9±9.15 20±6.87 0.264 1.04 0.97-1.11 0.265
RALES T1              30.85±10.10 26±11.70 0.88 1.04 0.99-1.09 0.093

T2 36.59±8.29 29.47±10.56 0.013 1.08 1.02-1.15 0.007
Duration indicators (days) (Mean±SD)
LSH  6.39±3.03 7.47±2.72 0.173 0.88 0.74-1.05 0.178
LANIV 3.19±3.01 2.84±2.61 0.66 1.04 0.86-1.26 0.656
LNIV  3±1.48 4±1.76 0.019 0.69 0.50-0.95 0.026
LOH 9.63±5.1 11.89±5.23 0.102 0.92 0.83-1.01 0.113

Table 1. Demographic data, clinical symptoms and sings, clinical index and scores and duration indicators according to the groups

Group 1, patients whose treatment started with noninvasive ventilation but required endotracheal intubation; Group 2, patients whose treatment 
finished successful weaning from noninvasive ventilation; 
OR, odds ratio; CI, confidence interval; SD, standard deviation; HR, heart rate; MAP, mean arterial pressure; CCI, Charlson Comorbidity Index; 
SAPS II, Simplified Acute Physiology Score II; APACHE II, Acute Physiology and Chronic Health Evaluation II; RALES, Radiological Asse-
ssment Lung Edema Score; T1, on the day of admission to the ICU; T2, on the day of starting noninvasive ventilation; LSH, length of symptoms 
to the hospitalization, LANIV, length from admission to starting of noninvasive ventilation; LNIV, length of noninvasive ventilation; LOH, length 
of overall hospitalization

Kovačević at al. Noninvasive ventilation in COVID-19 ARDS
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Higher mean value of urea and creatinine were 
recorded in the Group 1 compared with the Gro-
up 2 (14.84 versus 9.77 and 110.87 versus 63.68, 
respectively) on the day of starting NIV as well 
as higher mean value of creatinine (140.40 ver-
sus 87.47) on the day of starting IMV. Increased 
mean value of urea and creatinine on the day of 
starting NIV as well as increased mean value of 
the creatinine on the day of starting IMV showed 
statistically significant predictive value for NIV 
failure (p<0.05) (Table 2).
After multivariate stepwise logistic regression 
analysis of the parameters independently associa-
ted with NIV failure, the presence of dyspnoea on 
the day of admission to hospital (p<0.004), the 
RALES on the day of starting NIV (p<0.001), the 
length of NIV (p<0.025) and the mean value of 
urea on the day of starting NIV (p<0.004) were 
included in the predictive model of NIV failure 
(Table 3).
The most important predictive factor in the propo-
sed model of NIV failure was increased mean va-
lue of urea on the day of starting NIV (sensitivity 
70.44%, specificity 73.72%; p<0.004) (Table 4). 

Parameter (reference) (Mean±SD) Time
Patients group

p
Univariate analysis

p
Group 1 (n=54) Group 2 (n=19) OR 95% CI

WBC (3.4-10x109/L)
T1 10.95±6.48 10.40±4.77 0.735 1.01 0.92-1.11 0.731
T2 13.40±7.32 13.68±5.89 0.882 0.99 0.92-1.07 0.880
T3 16.28±7.79 14.55±7.83 0.409 1.03 0.96-1.10 0.404

Platelets (150-400x109/L)
T1 232.24±97.93 227.36±83.6 0.847 1.00 0.99-1.00 0.845
T2 252.90±109.58 244.57±82.66 0.764 1.00 0.99-1.00 0.760
T3 245.74±121.02 251.84±108.28 0.847 1.00 0.99-1.00 0.844

Neutrophils (0.40-0.70 x109/L)
T1 1.52±2.56 2.00±3.47 0.530 0.94 0.79-1.12 0.530
T2 9.68±8.06 7.11±5.67 0.205 1.05 0.97-1.14 0.204
T3 9.79±8.16 7.01±3.02 0.199 1.19 0.94-1.11 0.258

Lymphocytes (0.40-0.70 x109/L)
T1 0.20±0.32 0.13±0.20 0.379 2.88 0.25-32.36 0.390
T2 0.63±0.56 0.48±0.40 0.349 1.93 0.59-6.29 0.276
T3 0.52±0.45 0.47±0.37 0.426 1.04 0.51-6.10 0.291

Urea (1.7-8.3 mmol/L)
T1 9.07±5.86 7.86±4.30 0.412 1.04 0.93-1.16 0.409
T2 14.84±9.13 9.77±3.87 0.038 6.65 2.05-21.06 0.002
T3 12.10±11.38 8.00±6.68 0.738 1.07 0.97-1.19 0.155

Creatinine (44-84 mmol/L)
T1 96.92±80.21 80.52±49.05 0.406 1.00 0.99-1.01 0.419
T2 110.87±128.44 63.68±33.97 0.016 2.99 1.12-7.93 0.028
T3 140.40±158.03 87.47±75.37 0.007 3.05 1.33-6.99 0.008

Sodium (136-146 mmol/L)
T1 137.57±4.14 137.36±3.85 0.843 1.01 0.88-1.16 0.840
T2 139.01±5.22 140.36±5.38 0.351 0.95 0.86-1.05 0.347
T3 141.35±7.03 139.10±5.32 0.209 1.05 0.96-1.15 0.209

Potassium (3.6-5.4mmol/L)
T1 4.04±0.68 4.14±0.74 0.540 0.76 0.33-1.75 0.534
T2 4.14±0.79 4.11±0.68 0.883 1.05 0.52-2.11 0.881
T3 4.47±0.92 4.26±0.79 0.250 1.44 0.77-2.69 0.249

CRP (0.5-10 g/L) T1 83.03±29.32 83.15±15.29 0.990 1.03 0.98-1.02 0.986
T2 100.97±125.72 91.36±44.54 0.746 1.00 0.99-1.00 0.748

PCT (0-0.046ng/mL) T1 0.56±1.01 3.60±12.39 0.074 1.33 0.51-1.33 0.439
T2 2.64±4.17 3.47±7.75 0.563 1.06 0.88-1.06 0.562

Table 2. Laboratory data according to the groups

Group 1, patients whose treatment started with noninvasive ventilation but required endotracheal intubation; Group 2, patients whose treatment 
finished successful weaning from noninvasive ventilation; OR, odds ratio; CI, confidence interval; SD, standard deviation; WBC, white blood 
cells; CRP, C-reactive protein; PCT, procalcitonin; T1, on the day of admission to the ICU; T2, on the day of starting noninvasive ventilation; T3, 
on the day of endotracheal intubation for Group 1 and on the day of successful weaning from noninvasive ventilation for Group 2

Parameter
Multivariate analysis

p OR
95% CI

Lower Upper
Dyspnoea 0.004 0.08 0.00 0.91
Anorexia 0.356 2.52 0.34 18.76
MAP 0.067 1.48 0.98 2.28
RALES T2 0.001 1.18 1.06 1.30
LNIV 0.025 0.54 0.31 0.92
Urea T2 0.004 0.09 0.01 0.47
Creatinine T2 0.597 0.61 0.10 3.77
Creatinine T3 0.698 1.46 0.21 10.07

Table 3. Multivariate analysis of the parameters indepen-
dently associated with noninvasive ventilation failure

OR, odds ratio; CI, confidence interval; MAP, mean arterial pressure; 
RALES T2, Radiological Assessment Lung Edema Score on the 
day of starting noninvasive ventilation; LNIV, length of noninva-
sive ventilation; urea T2, mean value of urea on the day of starting 
noninvasive ventilation; creatinine T2, mean value of creatinine on 
the day of starting noninvasive ventilation; creatinine T3, mean value 
of creatinine on the day of endotracheal intubation

Parameters AUC Sensitivity
(%)

Specificity
(%)

Cut 
off p

95% CI
Lower Upper

Dyspnea 0.64 44.40 84.20 0.50 0.05 0.50 0.79
RALES T2 0.70 70.40 73.75 31 0.009 0.56 0.84
LNIV 0.69 48.25 84.10 2.5 0.014 0.54 0.83
Urea T2 0.72 70.44 73.72 1.5 0.004 0.58 0.85

Table 4. The receiver operating characteristic (ROC) curve 
data of predictive model for noninvasive ventilation failure

AUC, area under the curve; CI, confidence interval; RALES T2, 
Radiological Assessment Lung Edema Score on the day of starting 
noninvasive ventilation; LNIV, length of noninvasive ventilation; urea 
T2, mean value of urea on the day of starting noninvasive ventilation
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DISCUSSION

This single centered retrospective cohort study 
investigated predictive factors for NIV failure 
among COVID-19 respiratory critically ill pati-
ents, that are not based on patient's respiratory 
status or acid-base gas analyses. Demographic 
parameters, clinical signs and symptoms, clini-
cal scores, coexisting illnesses, radiological and 
laboratory findings were compared between pati-
ents who underwent IMV or NIV. The results of 
this study suggest that the presence of dyspnoea 
on the day of admission at hospital, higher RA-
LES score on the day of starting NIV, higher len-
gth of NIV and increased value of urea on the 
day of starting NIV are included in the predictive 
model of NIV failure.
In the presented study, of a total of 74 patients 
with NIV support, 54 patients required IMV. 
The NIV failure rate was 73.97%. Our results 
confirmed previous NIV failure rate data of 56-
76% (16). These results could be explained by 
a poorer response to NIV in patients with ARF 
due to COVID-19 infection compared to patients 
with ARF due to community-acquired pneumo-
nia, a heterogeneity of the criteria for respiratory 
support measures or leakage of objectivity in the 
clinical studies (17). 
Dyspnoea has been reported in more than 50% of 
patients with COVID-19 (18) and a significantly 
higher incidence has been found in patients in 
need of ICU care (19). In this study, the presence 
of dyspnoea was a predictive factor for NIV fa-
ilure, recorded in 55.6% patients with negative 
NIV outcome. Dyspnoea develops due to worse-
ning of hypoxia, increased respiratory effort and 
the use of accessory muscles and tachypnea (20). 
Malnourished patients have decreased immu-
nity and bone marrow function, pancytopenia 
and increased risk of severe morbidity (21). In 
the presented study, anorexia was more common 
in the NIV failure group (38.9% patients) but 
not showed a statistically significant value to be 
included in the predictive model. A severe form 
of COVID-19 infection in patients with anorexia 
could be explained by disruption of the angioten-
sin-converting enzyme 2 cell receptor function in 
the small intestine (22). 
In our study hemodynamic instability, increa-
sed MAP and heart rate, recorded in the group 
with the negative NIV outcome was supported 

by hypoxia. The predictive value of the MAP 
for NIV failure was not found. In the multicenter 
observational study, Liu et al. did not determine 
the statistical significance of MAP for predicting 
NIV failure. The reported NIV failure rate was 
81% versus 76% in our study (23).  
In our research, the mean CCI was 3.37 in the 
group with a negative NIV outcome, but the CCI 
was not independently associated with NIV fa-
ilure. Other authors found CCI median 2 (1–3) in 
the NIV + IMV group (24). The RALES system 
is often used to quantify the progression of lung 
involvement in patients with COVID-19 (25). 
Our study showed the RALES on the day of star-
ting NIV of 25-50% lung involvement (four po-
ints) in the group with a negative NIV outcome; 
it was strongly associated with NIV failure with a 
value of area under the curve or diagnostic accu-
racy of tests of 0.70, a sensitivity 70.40% and a 
specificity 73.75%. The RALES on the day of 
starting NIV is the second most significant factor 
in our predictive model of NIV failure. Burns et 
al. concluded that the only statistical significan-
ce for NIV success was lower level of the X-ray 
imaging score (26). 
The length of NIV of six days in our study 
showed a predictive value for negative NIV 
outcome; in the group with the positive NIV 
outcome, the length of NIV was four days. Simi-
lar results were reported by Mukhtara et al., the 
duration of successful NIV treatment was two to 
five days (27).
No statistically significant difference between the 
groups in terms of white blood cells count, plate-
lets, neutrophils, lymphocytes, CRP and procal-
citonin was found in our study. Contrary, Guan et 
al. (1099 patients) recorded an increase of CRP in 
91.1% and lymphocytopenia in 92.6% of patients 
requiring IMV (28). Opposite results could have 
been caused by a large difference in the number 
of involved patients between the two studies. 
Urea and creatinine values did not differ stati-
stically significantly in patients with COVID-19 
treated with a high-flow nasal cannula compared 
with NIV (29). The results of our study showed 
mean urea and creatinine values higher in the 
group with NIV failure; creatinine value did not 
show predictive significance for NIV outcome 
although higher urea value on the day of starting 
NIV proved to be the most significant factor in 
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the predictive model of NIV failure. This result 
indicates accurate monitoring of the urea value in 
the patients treated with NIV. 
There are some limitations of the study. The 
single centered, retrospective nature, without a 
control group and small number of patients could 
influence failure to achieve excellent prognostic 
accuracy of factors. A number of important labo-
ratory data were not monitored due to collection 
inconsistencies. For better insight into the pre-
dictors of NIV failure, future studies are needed, 
with more laboratory data (transaminases, immu-
nological and coagulation data). 
In conclusion, the use of NIV remains a signi-
ficant alternative to avoid IMV, during the CO-
VID-19 pandemic. The predictive model deve-

loped in this study showed that the presence of 
dyspnoea on the day of admission at hospital, 
higher RALES score on the day of starting NIV, 
higher length of NIV and increased value of urea 
on the day of starting NIV are strongly related 
with NIV failure.  In addition to respiratory pa-
rameters, this predictive model should be accura-
tely monitored and considered in making timely 
therapeutic and diagnostic decisions.
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