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ABSTRACT

Objective: The most important complication associated with coronavirus disease-19 (COVID-19) is respiratory failure, which requires mechanical ventilation.
The aim of our study is to evaluate the effectiveness of the use of invasive and non-invasive mechanical ventilation (NIV) on oxygenation in patients with
COVID-19 who had respiratory failure and needed ventilation support.

Materials and Methods: According to the ventilation support used, the patients were divided into two groups: Those for whom NIV was initially preferred
(n=48) and those who were initially intubated and received invasive mechanical ventilation (n=50). Arterial blood gas analyzes of the patients were evaluated.
The changes in oxygenation and ventilation, the incidence of complications such as hypotension and hypertension, and mortality rates were compared.
Results: The partial arterial oxygen pressure (Pa0,) values were similar during the follow-up of the patients who were initiated on treatment with NIV and those
who were initiated on treatment with invasive mechanical ventilation. However, the survival rate was higher in the patients who were initiated on treatment with
non-invasive mechanical ventilation. It was remarkable that the partial arterial carbon dioxide pressure value was higher in the invasive mechanical ventilation
group than in the NIV group. The incidence of complications such as hypotension or hypertension was less in the non-invasive mechanical ventilation group.

Conclusion: Although Pa0, values are similar, it was found that the survival rate was higher and the complication rate was lower in the patients for whom NIV

was preferred. Therefore, we think that NIV should be preferred as much as possible.
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INTRODUCTION

The most important complication associated with corona-
virus disease-19 (COVID-19) is acute hypoxemic respiratory
failure, which requires mechanical ventilation. Numerous
mechanisms that cause hypoxemia have been proposed.
These include hemoglobinopathies, microthrombus, vascu-
lar occlusion, ventilation-perfusion mismatch, pulmonary
edema, and acute respiratory distress syndrome (ARDS) due
to diffuse massive alveolar damage.t-

In the first data from China, it was stated that 19% of COVID-19
patients had severe hypoxic respiratory failure, and 5% need-
ed mechanical ventilation and intensive care unit (ICU).®!

Gattinoni et al® emphasized that more than 50% of
COVID-19 pneumonia with Berlin ARDS criteria developed
silent hypoxemia, these patients had normal lung compli-
ance, and these non-dyspneic patients should only receive
complementary oxygen. They suggested using high-flow na-
sal oxygen (HFNO) therapy, continuous positive airway pres-
sure (CPAP), or non-invasive mechanical ventilation (NIV) in
the development of dyspnea. They stated that if the patient
had an increase in work of breathing, intubation, and inva-
sive mechanical ventilation (IMV) which should be started.
Analysis of the NIV/HFNO process before IMV is very import-
ant.® It is recommended to target 92-96% oxygen saturation
(Sa0,) using complementary oxygen when required.”
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In addition, there are authors who argue that ARDS caused
by COVID-19 should be treated according to ARDS treatment
principles, and strategies supporting ventilation should be
similar. It is also recommended that the patient should be
intubated and low tidal volume, low drive pressure, and pos-
itive end-expiratory pressure titration should be applied.

The primary aim of our study is to evaluate the effectiveness
of the use of NIV and IMV on oxygenation in patients with
COVID-19 who had respiratory failure and needed ventilation
support by arterial blood gas (ABG) analysis. Our secondary
aims are to investigate the effect of NIV and IMV use on de-
veloping complications and mortality.

MATERIALS and METHODS

This study was approved by the Ministry of Health (dated
February 05, 2020, numbered 2020-05-02T01-47-24) and
our Training and Research Hospital Clinical Research Ethics
Committee (dated May 28, 2020, numbered 78). The princi-
ples of the Declaration of Helsinki conducted the study. The
study was performed on patients hospitalized in our hospital
Anesthesia and Reanimation Clinic ICUs between March 23,
2020, and May 19, 2020, with the diagnosis of COVID-19.

The study was performed by retrospectively scanning patient
files of patients who were in the ICU due to acute respiratory
failure with COVID-19 diagnosis and were over 18 years of
age, whose the partial arterial oxygen pressure (Pa0,) val-
ues were below 60 mmHg despite mask oxygen (5 L/min)
support. The 2019-nCoV was confirmed by real-time reverse
transcription-polymerase chain reaction assay.?

Four patients with chronic kidney failure and six patient with
metabolic acidosis (BE value accepted as <3) in intensive
care admission were excluded from the study. One patient
who underwent a pneumonectomy operation, two patients
who had lung cancer with space-occupying mass, one pa-
tient with sarcoidosis, and one with scoliosis were excluded
from the study. Ninety-eight patients were included in the
study. The patients were divided into two groups according
to the preferred initial ventilation strategy (Fig. 1).

Group IMV: Patients intubated on intensive care admission,
whose treatment started with IMV (n=50)

Group NIV: Patients whose treatment started with NIV on inten-
sive care admission (patients who underwent NIV in pressure
support ventilation (PSV)-CPAP mode and/or HFNO (n=48).

Demographic data such as age, gender, and concomitant
diseases of the patients were recorded.

Hospitalization time, intensive care hospitalization time, in-
vasive and NIV times, whether the prone position was ap-

plied, and whether an intubation was required for NIV pa-
tients were considered for both groups.

The two groups were compared in terms of ABG analysis using
the values at the time of admission to the ICU (initial), lLowest
values (minimum), and highest values (maximum) during
the intensive care follow-ups. In ABG analysis of the patients,
Pa0,, partial arterial carbon dioxide pressure (PaC0,), (Sa0,),
pH, base excess (BE), lactate values, and PaO./FiO, (Fi0=-
Fraction of inspired oxygen) ratio were evaluated. When
calculating the initial value of PaO,/Fi0,, the value of FiO,
is considered as 40-60% for 5-8 L/min simple oxygen face
mask, as 60-80% for 8-10 L/min partial rebreather mask,
and as 80-100% for 10-15 L/min non-rebreather mask, Fi0,
values written in the patient files are accepted.

The patients were evaluated in terms of complications such
as hypertension and hypotension developed during intensive
care follow-ups. The application of antihypertensive therapy
was considered as the development of hypertension, and the
administration of drugs to increase arterial blood pressure
was considered as the development of hypotension. 28-day
mortality rates were compared.

Statistical Analysis

Numerical data were summarized as mean + standard devi-
ation along with median interquartile range (IQR), whereas
frequency and percentage were used for categorical data.
Shapiro Wilk's test was used to test the normality of numer-
ical data. Groups were compared regarding demographical
and clinical characteristics by Student's t-test, Mann-Whit-
ney U-test, or Pearson's Chi-square test, where appropriate.
All analyses were performed using R (version 3.6.3 R Foun-
dation for Statistical Computing, Vienna, Austria), a statisti-
cal computing language. “coin” was used for non-parametric
analyses. P<0.05 was considered statistically significant.

RESULTS

The general characteristics of the study sample are expressed
in mean and standard deviations. According to this, the mean
age of the patients was calculated as 64+14. Mean age and gen-
der distribution were similar in both groups (Table 1). Intensive
care hospitalization times were similar in both groups (Table 2).

Invasive and NIV durations were 9.47+8.37 and 5.49+4.75
day, respectively. The number of days with invasive and NIV
is given in Table 2.

The two groups were compared in terms of ABG analysis us-
ing the values at the time of admission to the ICU (initial),
lowest values (minimum), and highest values (maximum)
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(n=113)

COVID-19 patients, PaO, <60 mmHg

Excluded (n=15)
Chronic kidney failure (n=4)
Metabolic acidosis (initial BE< 3) (n=6)

Pneumonectomy operation (n=1)

‘

Lung cancer (n=2)
Sarcoidosis (n=1)

Scoliosis(n=1)

98 patients were included
in the study (n=98)

i

Group NIV (n=48)

l

Group IMV (n= 50)

22 patients (% 45)
continued NIV

26 patients (% 54) were intubated
and IMV was performed

Figure 1. Consort flow diagram

PaO,: Partial arterial oxygen pressure; NIV. Non-invasive mechanical ventilation, IMV: Invasive mechanical ventilation

during the intensive care follow-ups. The data obtained are
shown in Table 2. For group comparisons for the initial, mini-
mum, and maximum values of parameters such as pH, Pa0,,
PaCO,, BE, Sa0,, and Pa0,/Fi0,, we used Student's t-test or
Mann-Whitney U-test according to whether or not they meet
the normal distribution assumption (Table 3).

Initial Pa0,, PaCO,, and Sa0, values, which were measured at
the time of admission to the ICU, were similar in both groups
of patients. Initial Pa0,/FiQ, ratios, measured at intensive care
admission, were observed to be lower in Group IMV compared
to the Group NIV (p=0.036). When the Pa0,/Fi0, ratios mea-
sured during intensive care follow-ups were compared, mini-
mum and maximum values were similar in both groups. The

34

two groups were similar in terms of minimum PaO, values
measured during intensive care follow-ups. However, mini-
mum Sa0, values measured during follow-ups were lower in
Group IMV compared to Group NIV (p=0.046). Means of the
variable Sa0, minimum were calculated as 66.73+18.82 and
59.18+18.03 for Group NIV and Group IMV, respectively (Table
3). For the variable Sa0, maximum, the results were presented
as median and IQR, and the median of Group IMV, which was
99.2 (98.57; 99.4), was found to be significantly higher than the
Group NIV, which was 98.85 (96.84; 99.2) (p=0.033) (Table 3).

According to the results obtained, the median values for
PaCO, maximum was found to be significantly higher in
Group IMV compared to Group NIV (p<0.001) (Table 3).



Geng Moralar et al. Ventilation in COVID-19 Patients

Table 1. Comparison of demographic data and concomitant diseases

Group NIV Group IMV p
MeantSD MeantSD
Med (IQR) Med (IQR)
n % n %
Age 61.81+15.3 65.76+12.04 0.160°
63 (52.75;70.25) 69.5 (56.25;72)
Gender
Male 18 375 28 56 0.338
Female 6 125 16 32
Concomitant disease
1 25 52.1 17 34
2 12 25 15 30
3 10.4 6 12
4 14.6 10
5 18 375 13 26
Absent 19 39.6 14 28

P values are based on 2 Student's t-test. NIV: Non-invasive mechanical ventilation; IMV: Invasive mechanical
ventilation; SD: Standard deviation; Med: Median; IQR: Inter quartile range; 1: Hypertension; 2: Diabetes
mellitus; 3: Cardiovascular diseases; 4: Chronic obstructive pulmonary disease; 5: Other diseases

Table 2. Evaluation of duration of mechanical ventilation, length of stay in ICU and hospital

Group NIV Group IMV p
MeanzSD Med (IQR) MeanxSD Med (IQR)
Length of stay in ICU (days) 10.75+8 8 (6;11) 12.48+9.6 9.5(4;18) 0.806°
Duration of invasive mechanical ventilation (days) 7.92+7.96 5 (2.25;8.75) 11.02+8.78 6.5(4;17.75) 0.103°
Duration of noninvasive ventilation (days) 6.77+5.31 7 (3;8) 4.21+4.24 2(1.5;4.5) 0.019°

P values are based on °: Mann-Whitney U-test. ICU: Intensive care unit

In the group comprising 48 patients whose treatment started
with NIV, 26 patients (54%) were subsequently intubated, and
IMV was applied, the remaining 22 patients (45%) were observed
to undergo only non-invasive ventilation during ICU follow-ups.
When all patients included in the study were evaluated, it was
seen that only 21.5% of patients were treated only with NIV.

While 68.36% of the patients were not prone positioned (67
individuals), 31.63% (31 individuals) were prone positioned.
It was determined that 34% of patients in Group IMV and
29.2% of patients in Group NIV were prone positioned, both
groups were similar (Table 4).

The number of hypertensives in need of antihypertension
medication was higher in the Group IMV than in the Group
NIV (p=0.008). The number of patients with hypotension re-
quiring drug treatment was significantly higher in Group IMV

than Group NIV (p=0.001). Among 48 patients in Group NIV,
21 (43.8%) developed hypotension and 3 (6.3%) developed
hypertension. Among 50 patients in group IMV, 38 (76%) de-
veloped hypotension, and 13 patients (26%) developed hy-
pertension (Table 5).

Fifty (51%) patients, of the 98 patients included in the study,
died. The difference was significant considering that 72% of
those who died were in the group whose treatment initial-
ly started with intubation (Group IMV), and the remaining
28% were in the group whose treatment initially started with
non-invasive ventilation (Group NIV) (p<0.001).

DISCUSSION

Patients" initial Pa0,, PaCO,, and Sa0, values at the time of
ICU admission were similar. According to the medical eval-
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Table 3. Comparison of arterial blood gas analysis values of patients by groups

Group NIV Group IMV p
Mean1SD Med (IQR) MeanSD Med (IQR)
PH initial 7.42+0.07 7.42 (7.38;7.47) 7.38+0.11 7.41 (7.32,7.46) 0.121°
Ph min 7.26+0.15 7.3 (7.2;7.36) 7.14£0.15 7.15 (7.04,7.25) <0.001°
Ph max 7.49+0.05 7.5 (7.47;752) 7.49+0.07 7.5 (7.46;7.52) 0.679°
Pa0, initial 51.59+10.7 55.55 (46.78;59.25) 51.4+11.37 56.25 (43.5;60) 0.641°
Pa0, min 45.22£11.17 44 (38.53;56.1) 42.54£11.25 42.2 (34.1,49.75) 0.239°
Pa0, max 168.49+51 174 (139.75;202.5) 173.32+58.82 171.7 (139.63,;206.83) 0.665%
PaCQ, initial 37.78+9.3 37 (33.15;40) 39.4+11.78 37.65 (32.3;43.08) 0.546°
PaCO, min 32.59+6.09 32.95 (28.45;35.08) 32.34+6.74 32.95 (29;36.5) 0.79°
PaCO, max 61.4+19.76 56.8 (47,71.08) 92.7+38.38 83.6 (60.18;115.5) <0.001°
BE initial -0.12+4.64 -0.23 (-2.53;2.4) -0.34+4.8 -0.3 (-2.95;2.53) 0.8222
BE min -4.51+5.46 -3.6 (-7.1; -0.85) -7.28+6.84 -6.7 (-11.83; -1.83) 0.044°
BE max 7.48+8.03 8.4 (3.4,11.63) 11.54+8.68 11.37 (5.88;17.78) 0.022°
Sa0, initial 78.03£14.4 83.2 (73.83;88.55) 72.91+21.81 82.95 (54.1;,90) 0.87°
Sa0, min 66.73+18.82 68 (54.78;83) 59.18+18.03 59.18 (49.33;71.18) 0.046
Sa0, max 96.89+5.8 98.85 (96.84,99.2) 98.55+1.5 99.2 (98.57,99.4) 0.033°
P/f initial 111.69+75.34 99 (59.28;150) 80.77+36.56 74.7 (58.13;99.5) 0.036"
P/f min 85.83+58.94 80 (41.88;103.5) 66.22+27.64 59.6 (46.38;85.68) 0.191°
P/f max 286.27+134.95 298.5 (187.5;360) 298.77+152.59 292.39 (153;420) 0.668°

initial: The values at the time of admission to the ICU; min: Lowest values; max: Highest values during the intensive care follow-ups. P values are based on & Student's
t-test; > Mann-Whitney U-test. PaO,;: Partial arterial oxygen pressure; PaCO,: Partial arterial carbon dioxide pressure; BE: Base excess; Sa0,: Oxygen saturation

uation of the evaluating physician, the patients were intu-
bated and IMV was applied, or NIV in CPAP-PSV mode and/
or HFNO was performed without intubation. Although initial
Pa0,/Fi0, values, measured at the admission to ICU, of the
group whose treatment was started with NIV were higher
compared to the other group, they were low enough to re-
quire intubation conditions. However, it was observed that
NIV was preferred presumably because the general condi-
tion of the patients was good.

In the previous studies, for COVID-19 patients with acute hy-
poxemic respiratory failure, HFNO, NIV, and close follow-up
were recommended if there is no urgent need for intubation.
[7] Past studies reported that HFNO application reduces tra-
cheal intubation and mortality rate.

Rahmanzade et al.®! reported that the application of intuba-
tion and mechanical ventilation is logical when NIV is insuf-
ficient for the patient.

It is recommended to use HFNO and CPAP application in
treatment for patients who are considered not suitable for
tracheal intubation but worsen despite standard mask oxy-
gen administration.t”
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Table 4. Comparing the prone position application by groups

Group NIV Group IMV p
n % n %
Prone position
No 34 70.8 33 66 0.607
Yes 14 29.2 17 34

P values are based on Pearson’s Chi-square test.

It was stated that all acute respiratory failure caused by
COVID-19 was not ARDS, although there are consolidation and
exudation in computed tomography images, this is not accepted
as a "typical" ARDS image. In addition, it has been emphasized
that, in some COVID-19-associated ARDS patients, lung com-
pliance is high, inconsistent with the severity of hypoxemia.¥

The hypothesis that COVID-19 cannot cause classical ARDS has
raised concerns about the use of mechanical ventilation.©112

In our study, when the effectiveness of ventilation is com-
pared using Pa0, values, oxygenation was similar in both
groups during intensive care follow-ups. However, it was
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Table 5. Comparison of complication and mortality rates by

groups
Group NIV Group IMV p
n % n %
Hypotension
No 27 56.3 12 24 0.001
Yes 21 438 38 76
Hypertension
No 45 93.8 37 74 0.008
Yes 3 6.3 13 26
Survival
Non survivor 14 29.2 36 72 <0.001
Survivor 34 70.8 14 28
Total 48 100 50 100

P values are based on Pearson's Chi-square test.

shown that survival was higher in the group whose treat-
ment started with non-invasive ventilation.

Another remarkable feature of the group whose treatment
started with intubation was that PaCO, values were higher in
these patients. The reason for the PaCO, values, which were ini-
tially within normal Llimits in both groups, to be higher in Group
IMV during ICU follow-ups should be investigated and random-
ized controlled studies should be conducted in this regard.

In some studies, the prone position has been reported to
have positive effects on ventilation.

Sartini et al."¥ in their study on prone positioned patients un-
dergoing NIV, reported that during pronation respiratory rate
decreased and improvements are observed in Sp0, and Pa0,/
Fi0, values in all patients, and there were improvements in
Sp0, and Pa0,/Fi0, after pronation in 80% of the patients.

In a previous study, it was stated that the prone position
added to HFNO or NIV eliminates the need for intubation in
approximately half of the patients with moderate to severe
ARDS, including those with viral pneumonia.t

Similarly, some studies from China suggest that early inter-
vention with prone position and/or HFNO and NIV can lead
to mortality less than 1% of the cases requiring intubation
(compared to 2.3% of the national average).®

In this study, prone position preferred in 29.2% of the pa-
tients in the group whose treatment was started with NIV
and it was preferred in 34% of the patients in the group
whose treatment was started with IMV, the prone position
preference rates were similar in both groups.

In a study conducted in China, 63% of patients with severe
acute respiratory failure were treated with HFNO as primary
treatment, 33% were treated with NIV, and 4% were treated
with invasive mechanical ventilation. It has been reported that
41% of patients who were treated with HFNO subsequently re-
quired NIV or intubation, this rate was 63% in patients with
Pa0,/Fi0, <200, and 29% of the patients for whom HFNO was
insufficient were intubated after being switched to NIV.%)

We did not evaluate our patients who underwent HFNO and
PSV-CPAP in separate groups because these two treatments
were applied intermittently to our patients.

In our study, although 54% of patients in the group whose
treatment was started with NIV were intubated later, the
mortality rates were lower in this group. We can attribute
this to keeping the respiratory and cardiac complications as-
sociated with intubation to a lesser extent by reducing the
duration of the intubation and IMV.

In our study, it was observed that the development of car-
diac complications such as hypotension and hypertension
was more common in the group whose treatment was start-
ed with IMV. These complications may be due to previous
diseases, course of the disease, and medications used in
treatment, but may be due to IMV incompatibility or sedative
drugs used to achieve IMV compliance.

Rahmanzade et al.®! emphasized that in the risk-benefit as-
sessment of IMV and NIV, complications related to mechan-
ical ventilation such as ventilation-induced lung injury, ven-
tilation-induced pneumonia, and finally difficulty weaning
from mechanical ventilation should be taken into account.

The method of increasing oxygen therapy as controlled and
gradually as possible should be applied. It is emphasized
that such an approach should be standardized.!®

A small retrospective case series from Wuhan reported that
72% of COVID-19 patients who received NIV died, but the mor-
tality rates were higher for patients intubated from the start.

A previous study reported that, of 52 critical patients who de-
veloped severe hypoxemia, 71% received mechanical ventila-
tion (42% invasive, 56% non-invasive), 63% received HFNO,
11% were prone positioned, and 32 of 52 patients died.!”

Yang et al.' reported an alarmingly high mortality rate
in patients with acute respiratory failure associated with
COVID-19 requiring mechanical ventilator support.

In some studies, high mortality rates such as 79% and 97%
have been reported among patients requiring mechanical
ventilation.!>18
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Limitations

The present study is a retrospective observational study. The de-
cision for NIV or intubation has been made by the treating phy-
sicians and there was no standardization. Different physicians
have different opinions about switching to NIV or intubation.

The oxygen flow applied in oxygen therapy with the mask
(Simple face mask, with or without reservoir) is determined
by the attending physician and the FiO, values accepted as
the initial FiO, at the time of admission to ICU were deter-
mined by scanning the intensive care follow-up forms re-
corded by the physician providing the treatment. FiO, values
for mask O, were not standard but varied.

In this ICUs, mechanical ventilation changes are considered by
performing blood gas analysis at least twice a day. AL blood
gases of all patients participating in the study were scanned,
and the maximum and minimum values were obtained, ac-
cordingly, the ranges of the values were tried to be predict-
ed. There was no similar study evaluating ventilation by ABG
analysis. In this respect, this is the power of our study. Howev-
er, there was no previous study to compare to in the literature.

CONCLUSION

It was observed in our study that patients whose treatment
started with NIV had similar oxygenation compared to Group
IMV, but fewer complications and less mortality were pres-
ent. We think that in the acute respiratory failure developing
in patients with COVID-19, oxygenation should be provided
with NIV as much as possible, and HFNO, NIV, and IMV treat-
ments should be administered in this order.
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