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Abstract
Background: Noninvasive ventilation (NIV) is recognized as first line ventilatory support for the management of
acute pulmonary edema (APE) and chronic obstructive pulmonary disease (COPD) exacerbations. We aimed to
study the prehospital management of patients in acute respiratory distress with an indication for NIV and whether
they received it or not.
Methods: This retrospective study included patients ≥18 years old who were cared for acute respiratory distress in
a prehospital setting. Indications for NIV were oxygen saturation (SpO2) <90% and/or respiratory rate (RR) >25/min
with a presumptive diagnosis of APE or COPD exacerbation. Study population characteristics, initial and at hospital
vital signs, presumptive and definitive diagnosis were analyzed. For patients who received NIV, dyspnea level was
evaluated with a dyspnea verbal ordinal scale (D-VOS, 0-10) and arterial blood gas (ABG) values were obtained at
hospital arrival.
Results: Among the 187 consecutive patients included in the study, most (n = 105, 56%) had experienced APE or
COPD exacerbation, and 56 (30%) received NIV. In comparison with patients without NIV, those treated with NIV
had a higher initial RR (35 ± 8/min vs 29 ± 10/min, p < 0.0001) and a lower SpO2 (79 ± 10 vs 88 ± 11, p < 0.0001). The
level of dyspnea was significantly reduced for patients treated with NIV (on-scene D-VOS 8.4 ± 1.7 vs 4.4 ± 1.8 at
admission, p < 0.0001). Among the 131 patients not treated with NIV, 41 (31%) had an indication. In the latter
group, initial SpO2 was 80 ± 10% in the NIV group versus 86 ± 11% in the non-NIV group (p = 0.0006). NIV was
interrupted in 9 (16%) patients due to either discomfort (n = 5), technical problem (n = 2), persistent desaturation
(n = 1), or vomiting (n = 1).
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Conclusions: The results of this study contribute to a better understanding of the prehospital management of
patients who present with acute respiratory distress and an indication for NIV. NIV was started on clinically more
severe patients, even if predefined criteria to start NIV were present. NIV allows to improve vital signs and D-VOS in
those patients. A prospective study could further elucidate why patients with a suspected diagnosis of APE and
COPD are not treated with NIV, as well as the clinical impact of the different strategies.
Trial registration: The study was approved by our institutional ethical committee (CER-VD 2020-01363).
Keywords: Acute pulmonary edema, Acute respiratory failure, Chronic obstructive pulmonary disease exacerbation,
Emergency medical services, Noninvasive ventilation, Prehospital, Respiratory distress

Background
Acute respiratory distress is one of the most frequent
conditions encountered by physician-staffed emergency
medical services (PEMS), often due to acute pulmonary
edema (APE) or chronic obstructive pulmonary disease
(COPD) exacerbation [1–3]. Current recommendations
for in-hospital treatment of APE and COPD exacerbation support the use of noninvasive ventilation (NIV) as
first-line supportive treatment in addition to standard
care based on oxygen and medication [4–6]. NIV has
been shown to be feasible in the prehospital setting, to
improve the clinical status of the patient at hospital arrival, and to reduce intubation rate and intensive care
unit (ICU) admission [7–11].
On January 1, 2019, a compact turbine double limb
circuit ventilator (Monnal T60, Air Liquide Medical
Systems SA, Antony, France) was implemented in the
Lausanne University Hospital PEMS and criteria to initiate
NIV in the prehospital setting were defined. To our knowledge, no study has compared patients treated with NIV to
those who are eligible for this therapy without receiving it
in the prehospital setting. We aimed to study the management of patients with respiratory distress in the context of
the implementation of a prehospital NIV protocol and
whether they received this treatment or not.
Method
Setting

The PEMS of Lausanne University Hospital serves an
urban (150 km2) and suburban (400 km2) area with a
population of about 295,000 inhabitants [12]. The
dispatch center uses a criteria-based system to accommodate the deployment of rescue. EMS are staffed with
at least one paramedic and either another paramedic or
an emergency medical technician. The paramedics’ “dyspnea” algorithm allows them to administer oxygen and
inhaled salbutamol. The emergency physician may be
dispatched by ground to the site to strengthen the prehospital care either directly by the dispatch center or at
the request of a paramedic on site. Prehospital emergency physicians have advanced airways management
capabilities and can administer different drugs, notably

isosorbide dinitrate, furosemide, methylprednisolone,
morphine, and salbutamol. The double limb circuit
compact transport turbine ventilator (Monnal T60, Air
Liquide Medical Systems SA, Antony, France) allows
both invasive ventilation and NIV, providing either of 2
modes: continuous positive airway pressure or bi-level
positive airway pressure (BiPAP) [13]. A large adult face
mask size 6 (Vigon, Ecouen, France) is used. BiPAP was
the mode of NIV used at the initiation of treatment. The
criteria for prehospital NIV use in our PEMS for patients
with a presumed diagnosis of APE or COPD exacerbation are an oxygen saturation (SpO2) <90% and/or a respiratory rate (RR) >25/min and/or the use of accessory
muscles [4, 8, 14]. We do not perform ABGs in the prehospital setting and recommend the use of BiPAP for
suspected APE as well as COPD exacerbation [4]. The
physicians are either advanced trainees (about 50%) or
board-certified (about 50%) physicians in emergency
medicine (about 50%) or anesthesiology (about 50%).
Each physician followed a dedicated 1-hour teaching session, including the Monnal T60 use and the criteria for
the prehospital use of NIV. For every patient, an electronic prehospital chart (Attrib, iMatt Sàrl, Boudevilliers,
Switzerland) is filled out by the prehospital physician at
the end of the rescue mission which contains prehospital
contextual and clinical information, as well as the 48hour hospital diagnosis and outcome. In addition,
specific information is prospectively collected for each
patient for whom NIV has been considered and stored
on RedCap (Vanderbilt University, Nashville, TN, USA).

Study design

In this retrospective monocentric study, we included
consecutive patients ≥18 years old who were managed
by our PEMS from January 1, 2019, to December 31,
2019 with at least one of the following characteristics: a
reported dyspnea or signs of acute respiratory distress, a
presumptive or definitive diagnosis of APE or COPD
exacerbation, or those for whom NIV was considered.
According to our ethical committee’s requirements, all
patients with inclusion criteria were considered except
those who didn’t sign the institutional general research
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consent. The study was approved by our institutional
ethical committee (CER-VD 2020-01363).
We report the following characteristics of the included
patients : age and gender; prehospital time intervals;
clinical parameters on arrival of the PEMS on scene and
at hospital admission (RR, SpO2, heart rate (HR), systolic
and diastolic blood pressures (SBP and DBP), temperature,
Glasgow Coma Scale (GCS) ; prehospital presumed diagnosis; prehospital treatments including drugs provided,
bag-mask ventilation or intubation; whether the patient
was admitted to an intermediate care unit or an ICU; and
48-hour hospital mortality and diagnosis. The severity of
involvement was graded by the prehospital emergency
physician according to the 8-level National Advisory
Committee for Aeronautics (NACA) score [15].
Specific data recorded for patients for whom NIV had
been considered were as follows: indications and contraindications to NIV, main settings of the NIV (positive
end expiratory pressure (PEEP), pressure support (PS),
and fraction of inspired oxygen (FiO2)) at the beginning
of NIV and at hospital admission, and whether NIV had
to be stopped before hospital admission and the reason
why. Dyspnea was graded in patients who received NIV by
using the 11-level dyspnea verbal ordinal scale (D-VOS)
on site and at hospital admission [16].
We also report the first arterial blood gas (ABG) performed at hospital admission and whether the patient
was admitted to the ICU within the first hour after
admission for that subpopulation.
Our primary outcome was the comparison of the
patients meeting criteria for NIV, according to whether
they received prehospital NIV or not. Secondary outcomes included the NIV failure rate, defined as premature interruption of treatment, and its causes as well as
the evolution of the D-VOS score in the NIV group.
Statistical analysis

The collected data were exported from RedCap to Stata
version 14 (Stata Corporation, College Station, TX, USA).
Continuous variables were expressed as mean and standard
deviation (SD) when the data were normally distributed or
as median and interquartile range (IQR) when nonnormally distributed. Categorical variables were reported as
absolute number and relative percentage. Student's t-test
was used to compare continuous and normally distributed
data, and Wilcoxon-Mann-Whitney test was used for continuous and non-normally distributed data. Pearson’s chisquare test and Fisher's exact test were used for categorical
variables as requested. A two-tailed p-value of <0.05 was
considered as statistically significant.

Results
Among the 2,457 patients rescued by our PEMS in 2019,
187 met the inclusion criteria (Fig. 1). Of these, NIV was
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anticipated in 58 (31%) patients and actually started in
56 (30%). Indeed 2 patients had a contraindication to
NIV because of noncompliance and discomfort. Frequency of NIV use was constant throughout the months
of the year (p = 0.35). Table 1 shows the general and
clinical characteristics of the patients in the NIV and
non-NIV groups.
Forty-one (31%) of the 131 included patients that were
not treated with NIV still fulfilled the indication criteria
for NIV. Table 2 shows their general and clinical characteristics. NIV was stopped before hospital admission in 9
(16%) of the 56 patients (Table 3). The reasons were lack
of compliance or patient discomfort (n = 5), a technical
problem (n = 2), persisting desaturation (n = 1), and
vomiting (n = 1). After premature cessation of NIV, one
patient underwent prehospital endotracheal intubation,
and 1 was ventilated using a bag-mask.
The mean D-VOS score at hospital in the NIV group
was significantly lower than the initial D-VOS score
(4.4 ± 1.8 vs 8.4 ± 1.7; p < 0.0001, Figure 2). Most patients
(n = 44; 94%) continued NIV in hospital.

Discussion
In our PEMS, 30% of patients with acute respiratory
distress, according to study criteria, were treated with
NIV from January 1, 2019, to December 31, 2019. 31%
of patients managed without NIV had an indication for
it, and the NIV failure rate was 16%. To our knowledge,
the present study is the first to comprehensively assess
the process of initiating NIV in the prehospital setting,
including the description of patients for whom NIV was
not initiated and the reasons why.
The most frequently reported presumed causes of
respiratory distress in our case load were APE, COPD
exacerbation, and pneumonia, which is consistent with
the findings of previous studies [7]. In the NIV group,
the proportion of presumed diagnosis of APE and COPD
exacerbation was higher than in the non-NIV group,
which is consistent with the proposed indication criteria
for prehospital NIV in our setting. Interestingly, the
third main presumed diagnosis was pneumonia in 9
(16%) patients in the NIV group. As the role of NIV in
the management of respiratory failure caused by pneumonia only is debated, we did not include pneumonia in
our internal recommendations as an indication for NIV.
It seems, however, that patients with pneumonia could
benefit from NIV if they have cardiac or respiratory comorbidities, and NIV may be proposed in select situations, which may have been the case for those patients
[17–19]. A diagnosis of pneumonia was even more frequent when considering 48-hour diagnosis (22 patients,
39%) in the NIV group, whereas the number of final
diagnoses of APE and COPD exacerbations was lower
than initially suspected. Making an accurate etiological
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Fig. 1 Flowchart of study patients

diagnosis of dyspnea in the prehospital setting is difficult
because of the absence of pathognomonic signs or
symptoms [20]. If the field assessment of dyspnea from a
cardiac or non-cardiac cause has some concordance with
the emergency department diagnosis, a more precise
diagnosis may be more problematic, notably in the case
of multiple etiologies [3]. The accuracy between prehospital respiratory distress diagnoses by paramedics or
prehospital physicians and emergency physicians is moderate [21–26]. To our knowledge, there is no study comparing the accuracy of diagnoses of respiratory distress
between paramedics and prehospital physicians. In our
setting, prehospital physicians, by virtue of their experience and training, have an advanced clinical judgment.

The etiology of the respiratory distress may be better defined, allowing for more precise decision on whether
NIV would be indicated or not, but this remains to be
demonstrated. Given the difficulty of establishing a precise diagnosis, prehospital NIV may be more frequently
started on the basis of symptoms than on the actual
cause of the dyspnea.
Among the patients who did not receveived prehospital NIV, 31% nevertheless fulfilled the predefined indication criteria. Compared with patients who received NIV,
patients with an indication for NIV who did not receive
NIV had a higher initial SpO2 (86 vs 80%), a lower HR
(98 vs 115 beats/min), and a tendency to be less clinically severe according to the NACA score. The severity of
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Table 1 Characteristics of the overall study population (n = 187)
Total
(n = 187)

NIV started
(n = 56; 30%)

NIV not started
(n = 131; 70%)

p Value

Age (year), mean ± SD

77 ± 14

77 ± 12

76 ± 15

0.96

Male, n (%)

96 (51)

28 (50)

68 (52)

0.8

2

2 (1.1)

0 (0)

2 (1.5)

3

40 (21)

0 (0)

40 (31)

4

69 (37)

17 (30)

52 (40)

5

71 (38)

38 (68)

33 (25)

6

4 (2.1)

1 (1.8)

3 (2.3)

7

1 (0.5)

0 (0)

1 (0.8)

Time to start

2.7 (1.9–3.7)

2.9 (2.0–4.0)

2.7 (1.8–3.6)

0.32

Time to scene

5.9 (4.1–8.1)

5.3 (3.5–7.2)

6.0 (4.4–8.2)

0.07

On-scene time

21 (16–26)

22 (18–27)

20 (15–25)

0.08

Transport

10.4 (3.1–16.8)

7.6 (4.4–11.0)

12.7 (7.1–20.1)

<0.0001

57 (30)

30 (55)

27 (21)

<0.0001

COPD exacerbation

48 (26)

20 (36)

28 (21)

0.04

Pneumonia

53 (28)

15 (27)

38 (29)

0.76

ARDS

1 (0.5)

1 (1.8)

0 (0)

0.13

Asthma

12 (6.4)

0 (0)

12 (9.2)

0.02

30 ± 10

35 ± 8

29 ± 10

<0.0001

Characteristic

NACA, n (%)

<0.0005

Time interval (minutes), median (IQR)

Presumptive diagnosis, n (%)
APEa
a

Initial vital parameters
RR (breath/min), mean ± SD
Sp02 (%), mean ± SD

85 ± 11

79 ± 10

88 ± 11

<0.0001

HR (beat/min), mean ± SD

105 ± 27

115 ± 21

100 ± 28

<0.0005

SBP (mmHg), mean ± SD

146 ± 34

154 ± 38

143 ± 32

0.09

DBP (mmHg), mean ± SD

82 ± 23

86 ± 25

80 ± 22

0.20

GCS, median (IQR)

15 (15–15)

15 (14–15)

15 (15–15)

0.69

GCS, n (%)

0.9
3–8

13 (7)

4 (7.1)

9 (6.9)

9–12

16 (8.6)

4 (7.1)

12 (9.2)

13–15

158 (84)

48 (86)

110 (84)

RR (breath/min), mean ± SD

27 ± 8

29 ± 8

26 ± 9

0.0421

SpO2 (%), mean ± SD

95 ± 5

96 ± 5

95 ± 5

0.0641

Final vital parametersb

HR (beat/min), mean ± SD

101 ± 24

103 ± 28

100 ± 22

0.1081

SBP (mmHg), mean ± SD

135 ± 29

138 ± 30

134 ± 28

0.6171

DBP (mmHg), mean ± SD

77 ± 17

79 ± 17

76 ± 17

0.8025

GCS score, median (IQR)

15 (15–15)

15 (15–15)

15 (15–15)

0.5958

13 (7)

3 (5.4)

10 (7.6)

9–12

13 (7)

4 (7.1)

9 (6.9)

13–15

161 (86)

49 (88)

112 (86)

GCS, n (%)

0.85
3–8
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Table 1 Characteristics of the overall study population (n = 187) (Continued)
Total
(n = 187)

NIV started
(n = 56; 30%)

NIV not started
(n = 131; 70%)

p Value

Treatment, n (%)
Oxygen

141 (75)

45 (80)

96 (73)

0.30

Intubation

5 (2.7)

1 (1.8)

4 (3.1)

0.53

Salbutamol

65 (35)

20 (36)

45 (34)

0.87

Isosorbide dinitrate

34 (18)

16 (29)

18 (24)

0.022

Furosemide

28 (15)

14 (25)

14 (11)

0.023

Morphine sulphate

12 (6.4)

6 (11)

6 (4.6)

0.19

Ipratropium bromide

6 (3.2)

5 (8.9)

1 (0.8)

0.010

Methylprednisolone

1 (0.5)

0 (0)

1 (0.8)

–

APE

45 (24)

20 (21)

25 (18)

0.015

COPD exacerbation

36 (19)

12 (33)

24 (67)

0.62

Pneumonia

59 (32)

22 (39)

37 (28)

0.14

ARDS

0

0

0

–

Asthma

6 (3.2)

0

6 (4.6)

0.10

13 (7)

6 (11)

7 (5.3)

0.186

Drugs

Outcome, n (%)
Final diagnosisc

48-hour mortality
a

Overlapping presumptive diagnosis of COPD-APE for 10 patients (including 7 in the NIV group)
b
There was a statistically significant (p < 0.05 for all) decrease in RR, SBP, DBP, and HR, as well as an increase in SpO2 in both NIV and non-NIV groups. There was
no statistically significant difference for GCS
c
Overlapping presumptive diagnosis of COPD-APE for 3 patients (including one in the NIV group)

the case, especially the SpO2 level, seemed to be the
element that determined the NIV indication, the most
hypoxemic patients being more likely to be treated with
NIV.
Although a short distance to the hospital should not
prevent the use of NIV, it is known that the mortality
from respiratory causes is increased as the distance to
the hospital increases [14, 27]. We could therefore have
expected that physicians would decide not to start NIV
because of a short transport time to hospital. Nonetheless, the transport time to hospital did not seem to influence the NIV decision in our study. The transport time
to hospital was indeed even higher for patients without
NIV than it was for those in the NIV group (13 vs 8
min). This may be explained by several unmeasured variables, including the potentially more frequent use of
lights and siren to transport the more severe cases from
the NIV group, although priority signals do not seem to
be a big time-saver [1]. A prospective study would be
necessary to analyze more precisely whether other factors, relative to logistical issues or to the physicians
themselves, could also partially explain some part of this
“undertreatment”.
The potential advantages of NIV in the management
of APE and COPD exacerbation include improvement of
vital signs, lowering of the intubation and ICU admission

rates, diminution of the hospital length of stay as well as
health care costs [8, 10, 11, 28, 29]. Most studies have
reported such findings in the hospital setting. Although
the relatively low number of patients in the present
study is not sufficient to draw reliable conclusions about
strong outcomes such as mortality, some of our results
may nonetheless support the benefit of NIV treatment.
A first argument is the evolution of the vital signs. As
the initial vital signs (SpO2, RR, HR) deviated more from
normal in the NIV group than they were in the study
population in general or those with an indication for
NIV, the NIV group underwent significant improvement
at hospital arrival, suggesting that patients who received
NIV benefited from it. This may be especially relevant,
as failure to normalize vital signs has been correlated
with poor outcome [30]. The second argument in favor
of prehospital NIV is the subjective improvement of dyspnea in the NIV group. In the group of patients treated
with NIV, the final D-VOS score was lower than the initial one. This improvement was even higher in patients
for whom NIV was continued until hospital admission
(hospital D-VOS score of 4.4 vs initial D-VOS score of
8.4) than it was in the group for whom NIV was interrupted. These results are not only statistically but also
clinically significant, with an absolute reduction in the
D-VOS score of 4 in patients for whom NIV was
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Table 2 Characteristics of the population with a prehospital NIV indication (n = 97)
Total (n = 97) NIV started(n = 56; 58%) NIV not started(n = 41; 42%) p Value
Characteristics
Age (year), mean ± SD

78 ± 9

77 ± 12

81 ± 11

0.11

Male, n (%)

96 (51)

28 (29)

68 (70)

0.81

Weight (kg), mean ± SD

63 ± 29

62 ± 31

64 ± 28

0.78

3

12 (21)

0 (0)

12 (100)

4

34 (35)

17 (50)

17 (50)

5

48 (49)

38 (79)

10 (21)

6

2 (2)

1 (50)

3 (50)

7

1 (1)

0 (0)

1 (100)

2.7 (2.0–3.6)

2.9 (2.0–4.0)

2.7 (1.9–3.3)

0.32

NACA, n (%)

<0.0001

Time interval (minutes), median (IQR)
Time to start
Time to scene

5.7 (4.0–7.9)

5.3 (3.5–7.2)

6.0 (4.8–8.1)

0.11

On-scene time

22 (16–27)

22 (18–27)

20 (14–25)

0.14

Time to hospital

9 (5–14)

8 (4–11)

13 (9–20)

<0.0001

Presumed diagnosis, n (%)
APEa

50 (52)

30 (54)

20 (49)

0.64

COPDa exacerbation

44 (45)

20 (36)

24 (59)

0.026

Pneumonia

25 (26)

15 (27)

10 (24)

0.79

ARDS

1 (1)

1 (1)

0 (0)

0.39

Asthma

0 (0)

0 (0)

0 (0)

–

RR (breath/min), mean ± SD

35 ± 9

35 ± 8

34 ± 11

0.55

Sp02 (%), mean ± SD

82 ± 11

80 ± 10

86 ± 11

0.0006

Initial vital parameters

HR (beat/min), mean ± SD

108 ± 27

115 ± 21

98 ± 31

0.0023

SBP (mmHg), mean ± SD

153 ± 37

154 ± 38

152 ± 36

0.89

DBP (mmHg), mean ± SD

84 ± 24

86 ± 25

81 ± 22

0.37

GCS, median (IQR)

15 (15–15)

15 (14–15)

15 (15–15)

0.14

6 (6)

4 (67)

2 (33)

GCS, n (%)

0.19
3–8
9–12

7 (7)

4 (57)

3 (43)

13–15

84 (86)

48 (57)

36 (43)

RR (breath/min), mean ± SD

30 ± 8

29 ± 8

31 ± 8

0.27

SpO2 (%), mean ± SD

95 ± 6

96 ± 6

94 ± 7

0.29

HR (beat/min), mean ± SD

101 ± 25

103 ± 28

98 ± 19

0.39

SBP (mmHg), mean ± SD

138 ± 28

138 ± 30

139 ± 26

0.87

DBP (mmHg), mean ± SD

78 ± 18

79 ± 17

77 ± 19

0.73

GCS score, median (IQR)

15 (15–15)

15 (15–15)

15 (15–15)

0.48

Final vital parametersb

GCS, n (%)

0.77
3–8

4 (4)

3 (75)

1 (25)

9–12

7 (7)

4 (57)

3 (43)

13–15

86 (89)

49 (57)

37 (43)
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Table 2 Characteristics of the population with a prehospital NIV indication (n = 97) (Continued)
Total (n = 97) NIV started(n = 56; 58%) NIV not started(n = 41; 42%) p Value
Treatment, n (%)
Oxygen

80 (82)

45 (80)

35 (85)

0.52

Intubation

2 (1.0)

1 (1.8)

1 (2.4)

–

Salbutamol

40 (41)

20 (36)

20 (49)

0.22

Isosorbide dinitrate

27 (28)

16 (29)

11 (27)

1.00

Furosemide

22 (23)

14 (25)

8 (20)

0.63

Morphine sulfate

8 (8.2)

6 (11)

2 (4.9)

0.46

Ipratropium bromide

5 (5.1)

5 (8.9)

0 (0)

0.07

7.33 ± 0.10

7.30 ± 0.11

7.37 ± 0.07

0.0165

Drugs

Outcome
ABG at hospital admission
pH
PaO2 (mmHg), mean ± SD

101 ± 77

109 ± 87

92 ± 63

0.11

PaCO2 (mmHg), mean ± SD

45 ± 17

47 ± 21

43 ± 11

0.38

Lactate (mmol/L), mean ± SD

2.4 ± 2.0

2.8 ± 2.1

1.9 ± 1.8

0.0254

Bicarbonates (mmol/L), mean ± SD

24 ± 5

23 ± 6

25 ± 4

0.06

36 (37)

20 (36)

16 (39)

0.74

c

Final diagnosis , n (%)
APE
COPD exacerbation

24 (25)

12 (21)

12 (29)

0.38

Pneumonia

32 (33)

22 (39)

10 (24)

0.12

ICU admission in the first hour after hospital admission, n (%)

9 (12)

8 (22)

1 (3)

0.010

Intubation in the first hour after hospital admission, n (%)

4 (5.4)

4 (11)

0 (0)

0.035

48-hour mortality, n (%)

8 (8.3)

6 (11)

2 (4.9)

0.30

a

Overlapping presumptive diagnosis of COPD-APE for 10 patients (including 7 in the NIV group)
b
There was a statistically significant (p < 0.05 for all) decrease in RR and SBP, as well as an increase in SpO2 in both NIV and non-NIV groups. There was a
statistically significant decrease in DBP and HR (p < 0.05 for both) in the NIV group but not in the non-NIV group. There was no statistically significant difference
for GCS
c
Overlapping presumptive diagnosis of COPD-APE for 3 patients (including 1 in the NIV group)

continued to hospital admission. This is important, as
the level of dyspnea correlates to clinical parameters
used in emergency departments [31]. Furthermore,
studies of the multidimensional extent of dyspnea
have revealed an important affective aspect, and
laboratory experience has shown, for example, that
respiratory work during effort is less unpleasant than
air hunger [32, 33]. Finally, the ABG profile at hospital admission in the NIV group was usually favorable, when considering the mild respiratory acidosis
without major hypoxemia.
The potential benefit of NIV has to be weighed against
the potential harm. There was no significant difference
in 48-hour mortality between the groups, including in
patients for whom NIV had to be stopped. The failure
rate of NIV was 16% in the present study, which is less
than the 26% observed in the prehospital field and the
17% to 30% in the ICU [34, 35]. In 2003, a study showed
a similar failure rate (17%), but it included only COPD
exacerbation treated with continuous positive airway

pressure [36]. Failures are explained more by management of the ventilator, including patient discomfort and
technical problems, and less by deterioration of the
clinical condition, such as persistent desaturation and
vomiting, which are expected complications [28, 37]. We
did not detect any hemodynamic instability leading to
cessation of NIV, and the only patient with persistent
hypoxemia was successfully intubated. Another potential
risk for some patients may be the prolongation of the
on-scene time. However, in our study, the on-scene time
was similar in the NIV group as it was in the other
groups, suggesting that NIV did not affect on-scene
time, as previously described [11, 38].
Our internal recommendations concerning the NIV in
prehospital settings were continuously reassessed during
the COVID pandemic, taking into account scientific
knowledge and local epidemiology. Initially stopped at
the beginning of the pandemic because NIV was
regarded as a potential risk of contamination by aerosolization, we have now resumed its use for the initial
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Table 3 Characteristics of the patients with NIV (n = 56)
Total (n = 56)

NIV continued (n = 47; 84%)

NIV stopped (n = 9; 16%)

p Value

Age (year), mean ± SD

77 ± 12

77 ± 13

77 ± 10

0.70

Male, n (%)

28 (50)

23 (50)

5 (56)

0.06

Weight (kg), mean ± SD

61.9 ± 31

62.0 ± 31.0

61.1 ± 33.1

0.95

SpO2<90%

50 (89)

43 (91)

0.22

0.22

RR>25 breath/min

52 (93)

44 (94)

0.61

0.61

Use of accessory musclesa

45 (80)

37 (79)

0.48

0.48

22 (18–27)

22 (18–27)

23 (18–33)

0.73

Time to hospital

7.6 (4.4–11.0)

7.3 (4.4–11.0)

9.0 (13.6–3.8)

0.67

NIV duration

21 (15–29)

21 (15–30)

11 (7–15)

0.36

APE

26 (46)

24 (51)

2 (7.7)

COPD exacerbation

17 (30)

12 (26)

5 (56)

Pneumonia

9 (16)

8 (17)

1 (11)

b

4 (7.1)

3 (6.4)

1 (11)

Characteristics

NIV clinical indication, n (%)

Time interval (minutes), median (IQR)
On-scene time

Presumed diagnosis, n (%)

Other

0.26

Initial vital parameters
RR (breath/min), mean ± SD

35 ± 8

35 ± 8

36 ± 6

0.63

Sp02 (%), mean ± SD

80 ± 9

80 ± 10

78 ± 11

0.72

HR (beat/min), mean ± SD

115 ± 21

116 ± 20

110 ± 26

0.75

SBP (mmHg), mean ± SD

154 ± 38

155 ± 38

148 ± 42

0.85

DBP (mmHg), mean ± SD

8625

87 ± 25

80 ± 25

0.48

GCS, median (IQR)

15 (14–15)

15 (14–15)

15 (15–15)

0.27

3–8

4 (7)

4 (100)

0

9–12

4 (7)

3 (75)

1 (25)

13–15

48 (86)

47 (84)

9 (16)

RR (breath/min), mean ± SD

29 ± 8

28 ± 7

31 ± 9

0.39

SpO2, mean ± SD

96 ± 5

96 ± 3

91 ± 8

0.06

HR (beat/min), mean ± SD

103 ± 28

103 ± 28

100 ± 29

0.88

SBP (mmHg), mean ± SD

138 ± 30

136 ± 28

147 ± 43

0.34

DBP (mmHg), mean ± SD

79 ± 17

78 ± 16

84 ± 25

0.75

GCS score, median (IQR)

15 (15–15)

15 (14–15)

15 (15–15)

GCS, n (%)

0.60

Final vital parametersd

GCS, n (%)

0.45
0.49

3–8

3 (5)

2 (66)

1 (33)

9–12

4 (7)

4 (100)

0

13–15

49 (88)

41 (84)

8 (16)

1 (1.8)

0 (0)

1 (11)

Treatment, n (%)
Intubation

–

Drugs
Salbutamol

20 (36)

16 (34)

4 (44)

0.70

Isosorbide dinitrate

16 (29)

14 (30)

2 (13)

1.00
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Table 3 Characteristics of the patients with NIV (n = 56) (Continued)
p Value

Total (n = 56)

NIV continued (n = 47; 84%)

NIV stopped (n = 9; 16%)

Furosemide

14 (25)

14 (30)

0 (0)

0.09

Morphine sulfate

10 (18)

5 (11)

1 (17)

1.00

Ipratropium bromide

9 (16)

4 (8.5)

1 (20)

1.00

Methylprednisolone

0 (0)

0 (0)

0 (0)

–

PEEP (mmHg), mean ± SD

5.1 ± 1.5

5.2 ± 1.7

5±0

0.29

Pressure support (mmHg), mean ± SD

6.1 ± 2.6

6.3 ± 2.6

5.1 ± 2.3

0.24

FiO2 (%), mean ± SD

92 ± 20

91 ± 21

100 ± 0

0.16

FiO2 (%), mean ± SD

–

73 ± 27

–

–

PEEP (mmHg), mean ± SD

–

5.8 ± 2.7

–

–

Inspiratory pressure (mmHg), mean ± SD

–

7.9 ± 3.8

–

–

Initial

8.6 ± 1.6

8.4 ± 1.7

9.2 ± 1.2

0.27

At hospital admission or NIV cessation

5.0 ± 2.1

4.4 ± 1.8

7.3 ± 1.6

0.0037

6 (11)

4 (8.5)

2 (22)

0.22

NIV initial setting

NIV setting at hospital admission

D-VOSe

48-h follow-up
48-hour mortality, n (%)
Final diagnosis,c n (%)
Acute pulmonary edema

20 (36)

18 (38)

2 (22)

0.36

COPD

12 (21)

10 (21)

2 (22)

0.95

Pneumonia

22 (39)

20 (43)

2 (22)

0.25

a

The use of accessory muscles was never the only clinical indication to NIV, as it was always associated with either hypoxemia or tachypnea
b
Bronchoaspiration (n = 2); pulmonary embolism (n = 1); hyperviscosity in acute myeloid leukemia (n = 1)
c
Overlapping presumptive diagnosis of COPD-APE for 3 patients (including one in the NIV stopped group)
d
n = 34.
e
p < 0.0001 for comparison between D-VOS on site and at hospital and 0.0523 between initial and when stopped. A D-VOS was available on site and at hospital
for 25 patients, and on site and at NIV cessation for 6 patients

indications (APE and COPD exacerbations) with or
without a suspicion of SARS-CoV-2 infection. The use
of full personal protective equipment is systematic when
using NIV.
A main strength of the present study is that we comprehensively assessed the process for initiating NIV in
the prehospital setting, including in patients for whom
NIV was not initiated, and provided a hospital 48-hour

10

p<0.0001

D-VOS 5

0
Before NIV

At hospital admission

Fig. 2 Dyspnea verbal ordinal scale (D-VOS) before noninvasive
ventilation (NIV) and at hospital admission for patients with NIV

outcome and diagnosis. Another strength is the precise
description of the population treated with NIV, including an evaluation of dyspnea intensity with the D-VOS,
as well as the hospital ABG analysis.
Our study also has several limitations, most of them
pertaining to its retrospective condition. First, the
improvement in vital parameters and D-VOS score in
the NIV group may have been the consequence of cotreatments. Regarding adjuvant treatment, recommendations support the administration of oxygen and medication, namely, treatment of the precipitating cause and
diuretics for APE and a short-acting inhaled beta2-agonist
for COPD exacerbation [5, 6]. Nonetheless, we did not
find any significant difference in the drugs administered to
the NIV group compared with those administered to patients without NIV who had an indication for NIV, or
among those administered to patients with NIV depending on whether NIV had to be stopped before hospital admission or not. Another limitation is the lack of important
clinical information (D-VOS score) and outcomes (1-hour
intubation or admission to ICU, ABG analysis), for patients for whom NIV had not been considered. A 48-hour
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outcome was, however, available for almost every patient,
which also included the 48-hour diagnosis, which is rarely
available in prehospital studies [7, 9]. By definition, the
NACA score of patients who received NIV is 5; this made
patients from the NIV group appear to be more severe.
Clinical variables did, however, give a good indication of
severity. Distance to hospital is in general very short in
Lausanne’s PEMS district. Therefore clinical improvement
with NIV and worsening without NIV could be underestimated and the results may not be transposed in larger
areas. Another limitation of our study is the large number
of group comparisons performed, which could lead to
some important inflation of the type I error (and thus of
the risk of getting “false significant” results). The most
radical (and often overly conservative) way to adjust for
this would be to perform a Bonferroni correction, where
one can simply multiply a p-value by the number of tests
performed (in our case ca. 100) before comparing it with
0.05. In our situation, this means that original p-values
below 0.005 could still be considered statistically significant. Finally, it was not possible to retrospectively reliably
assess the use of accessory muscles as a criterion for NIV
indication, as it is not specifically recorded in the prehospital chart. However, this criterion was seldom reported
alone in the NIV group but rather in conjunction with the
other parameters (desaturation and tachypnea) that indicate NIV.

Conclusion
In our study, patients with acute respiratory distress
treated with NIV tended to be more clinically severe.
These patients improved more quickly than did those
with an indication for NIV who did not receive it. The
patient who had to stop NIV prematurely felt more dyspneic. The major causes of NIV interruption were problems with the management of the ventilator and patient
discomfort. A prospective study could contribute to the
understanding of why patients with a suspected diagnosis of APE and COPD are not treated with NIV.
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