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Effect of noninvasive ventilation on intubation risk in
prehospital patients with acute cardiogenic pulmonary

edema: a retrospective study

Birgit Andrea Gartner, Christophe Fehlmann, Laurent Suppan,
Marc Niquille, Olivier T. Rutschmann and Frangois Sarasin

Objective The aim of this study was to assess the
effect of prehospital noninvasive ventilation for acute
cardiogenic pulmonary edema on endotracheal intubation
rate and on ICU admission rate.

Methods We carried out a retrospective study on
patients’ prehospital files between 2007 and 2010 (control
period), and between 2013 and 2016 (intervention
period). Adult patients were included if a diagnosis of
acute cardiogenic pulmonary edema was made by the
prehospital physician. Exclusion criteria were a Glasgow
coma scale score less than 9 or any other respiratory
diagnosis. We analyzed the association between
noninvasive ventilation implementation and endotracheal
intubation or ICU admission with univariable and
multivariable regression models. The primary outcome
was prehospital endotracheal intubation rate. Secondary
outcomes were admission to an ICU, prehospital
intervention length, and 30-day mortality.

Results A total of 1491 patients were included.
Noninvasive ventilation availability was associated with
a significant decrease in endotracheal intubation rate
(2.6% in the control versus 0.7% in the intervention
period), with an adjusted odds ratio (OR) of 0.3 [95%

Introduction

Acute cardiogenic pulmonary edema (ACPE) is associ-
ated with significant morbidity and mortality. Its treat-
ment, essentially based on expert consensus, can be
challenging in the prehospital setting [1,2].

Standard medical therapy includes oxygen adminis-
tration, vasodilators, and diuretics in the case of hyper-
volemia [3]. Continuous positive airway pressure (CPAP)
or noninvasive ventilation (NIV) should be started
without delay in the case of refractory hypoxemia [4,5].
These therapies have been largely validated in the emer-
gency department (ED) and in the ICU [6]. In a review

Supplemental digital content is available for this article. Direct URL citations
appear in the printed text and are provided in the HTML and PDF versions of this
article on the journal's website (www.euro-emergencymed.com).

This is an open-access article distributed under the terms of the Creative
Commons Attribution-Non Commercial-No Derivatives License 4.0 (CCBY-
NC-ND), where it is permissible to download and share the work provided it is
properly cited. The work cannot be changed in any way or used commercially
without permission from the journal.

0969-9546 Copyright © 2019 The Author(s). Published by Wolters Kluwer Health, Inc.

confidence interval (Cl), 0.1-0.7]. There was a decrease

in ICU admissions (18.6% in the control versus 13.0%

in the intervention period) with an adjusted OR of 0.6
(95% ClI, 0.5-0.9). There was no significant change in
30-day mortality (11.2% in the control versus 11.0% in the
intervention period, P=0.901).

Conclusion In our physician-staffed prehospital
system, use of noninvasive ventilation for acute
cardiogenic pulmonary edema decreased both
endotracheal intubation and ICU admission rates.
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including 32 studies and 2916 subjects, their use was
associated with a significant reduction in the endotra-
cheal intubation (E'TT) rate [7].

Recently, both CPAP and NIV have been successfully
applied in the prehospital setting where tracheal intu-
bation under general anesthesia followed by mechanical
ventilation had been standard treatment for decades in
cases of persistent hypoxemia [8]. ETI-related compli-
cations are, however, more frequent in the prehospital
setting, as technical and environmental conditions are
often difficult [9]. Crush induction and ETT are therefore
procedures requiring well trained practitioners. Failed or
traumatic intubations, as well as sedation-related hemo-
dynamic and respiratory instability, are among the most
feared immediate complications. Ventilator-associated
pneumonia and lung injury are delayed complications
that increase both ICU length of stay and mortality [5,10].

The aim of this study was to determine whether prehos-
pital availability of NIV had reduced ETT rates in our
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prehospital system. We also wanted to assess the effect
of this technique on ICU admission rates, on prehospital
interventions length, and on mortality.

Methods

Study setting

The emergency prehospital response in Geneva is two
tiered. The first tier is composed of an advanced life
support ambulance staffed by two paramedics, while
the second tier is a medical mobile unit called ‘Service
Mobile d’Urgence et de Réanimation’ (SMUR). The last
performs more than 5000 missions a year and belongs to
the ED of the Geneva University Hospitals, a primary
and tertiary care urban teaching hospital admitting 65000
patients annually. The SMUR takes care of all prehospi-
tal life-threatening emergencies in the area. Al SMUR
vehicles are staffed by an advanced paramedic and by
an anesthesia, emergency medicine, or general medicine
junior physician. A senior emergency physician is on-call
24/7, and can be dispatched on site for supervision pur-
poses. Emergency calls are handled by professional dis-
patchers. Both an ambulance and a SMUR are dispatched
if an acute respiratory distress is identified.

Patients for whom ACPE is considered the most likely
diagnosis are treated with oxygen and standard med-
ical care in accordance with the European Society of
Cardiology (ESC) guidelines. Until 2010, ETT was the
usual rescue therapy if standard treatment was deemed
insufficient, as neither CPAP nor NIV were available.
Several techniques and ventilators were tested between
2011 and 2012. N1V, using the Hamilton T1 ventilator
(Hamilton Medical, Bonaduz, Switzerland), was finally
integrated in our standard of care in 2013. All SMUR phy-
sicians and paramedics regularly receive specific training
regarding NIV and its accepted indications. Since 2013,
the decision to initiate NIV has been made by each phy-
sician individually according to this training and to clini-
cal evaluation. If NIV is contraindicated, for example, in
the case of coma or of refractory hypotension, an ETT is
performed.

A computerized medical file with standardized fields is
filled in for each patient and reviewed daily by a sen-
ior physician in order to ensure data quality. All data are
recorded in a secure database, which dates back to 2007.

Study design and patients

We performed a retrospective before—after study,
approved by the institutional ethics committee (Project
ID 2016-01373). We proceeded to a computer screening
of our database based on diagnostic codes specific to
our prehospital unit. We reviewed every SMUR inter-
vention between April 2007 and March 2010 (control
period), and between April 2013 and March 2016 (NIV
period) and included all patients aged 18years or older
with an acute heart failure (AHF) or ACPE prehospital
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diagnostic code. All diagnoses were made by prehospi-
tal physicians according to a combination of different
signs and symptoms and according to the ESC criteria
for AHF [3,11].

Patients transported out of a tertiary ED to a definitive
care unit were not considered for inclusion, as they had
already been treated. We also decided not to include
patients treated from April 2010 to March 2013, as this
interval was a transition and training period preceding
the full NIV treatment implementation.

Patients with a Glasgow Coma Scale (GCS) less than 9,
as well as those with any confounding respiratory diagno-
sis such as chronic obstructive pulmonary disease, were
excluded.

Data collection and outcomes

Data from prehospital patient care records were electron-
ically extracted. For the purpose of this study, we defined
abnormal values as a heart rate (HR) > 120/minute, a
systolic blood pressure (SBP) >140mmHg (as defined
by the 2016 ESC guidelines [12]), an oxygen saturation
(SaOZ) <90%, a respiratory rate (RR) >30/minute, and a
GCS < 15.

Night interventions were defined as those occurring
between 7 p.m. and 7 a.m. Supervised interventions
described the physical presence of a senior emergency
physician on scene.

The primary outcome was prehospital E'TT rate. If pre-
hospital rescue intubation had to be performed after an
NIV trial, the patient was considered as only having been
intubated in order to avoid duplicates.

Secondary outcomes were admission to an ICU during
48hours following ED arrival (one of our usual quality
indicators), intervention length, and 30-day mortality.

Statistical analysis

We used Chi-square test and either Student’s 7-test or
Wilcoxon-Mann—Whitney test, depending on normality
of the variables, for group comparisons.

We performed univariable and multivariable regressions
to measure association between NIV availability and
ETT rate, and between NIV availability and ICU admis-
sion rate.

We chose the variables that would be used in our mod-
els based on available evidence as well as on their clin-
ical relevance, before performing any statistical test. To
avoid overfitting, we defined that the number of variables
included in the multivariable regression models would
depend on the number of events (1 variable per 8-10
events). We would include in priority the variables with
the strongest significant (P <0.05) odds ratio (OR) in uni-
variable logistic analysis.
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For our primary outcome, we considered that assessment
of the individual impact of each vital sign was of particu-
lar importance, as prehospital clinicians only have access
to few objective parameters that can help them decide
whether intubation should be performed.

The relative impact of vital signs is not the same regarding
critical care admission as more parameters are then avail-
able to guide the decision. We therefore used a composite
binary variable in our model for this outcome, ‘abnormal
vital signs’, which was considered present when at least
half of the available vital signs met the aforementioned
criteria.

T'he association between NIV availability and length of
intervention was assessed with a linear regression model.
We compared the mortality between the 2 groups by per-
forming a Chi-square test.

Statistical analysis was performed using STATA version
15 (Stata Corporation, College Station, Texas, USA).

Results

A total of 32756 patients’ files were screened. Inclusion
criteria were met by 1700 patients, out of which 209
were excluded according to our research protocol. We
finally included 1491 patients, 689 in the control period
and 802 in the NIV period (see flowchart of inclusion,
Supplemental digital content 1, Azup://links.lww.com/
EJEM[A248).

Patients’ characteristics are shown in Table 1. During the
NIV period, patients were slightly older, there were less
night interventions and more supervised interventions,
and 287 patients (35.8%) received NIV.

The ETT rate dropped from 2.6% (18/689) during the
control period to 0.7% (6/802) during the NIV period
[OR, 0.3;95% confidence interval (CI),0.1-0.7; P=0.004].
Significant  intubation-associated  factors included
HR>120/minute (OR=2.8; 95% CI, 1.2-6.9), SaO,<90%
(OR=6.7;95% CI, 2.3-19.6), RR > 30/minute (OR=11.6;
95% CI, 2.7-49.6), and GCS<15 (OR=4.4;95% CI, 1.6—
12.0). In a multivariable model, NIV implementation was
associated with a decreased E'TT rate (OR=0.3; 95% CI,
0.1-0.7) after adjustment for abnormal SaO2 and abnor-
mal RR (Table 2).

The ICU admission rates were 18.6% (128/689) and
13.0% (104/802) for the control and for the NIV periods,
respectively (OR=0.7; 95% CI, 0.5-0.9; P=0.011). After
adjustment, NIV implementation was associated with a
decrease in ICU admissions (OR =0.6; 95% CI, 0.5-0.9).
ICU admissions also significantly depended on abnor-
mal vital signs (OR=1.9; 95% CI, 1.4-2.6), male gender
(OR=1.7;95% CI, 1.3-2.3), and age >75 years (OR=0.5;
95% ClI, 0.3-0.6) ('Table 3).

T'here was no significant difference in intervention length
between the two periods (42.2 versus 43.6 minutes,

Table 1 Patients’ characteristics
Control period NIV period P
(N=689) (N=802) value

Male sex, no (%) 314 (45.6) 368 (45.9) 0.904
Age, years 80.4£11.0 81.9+£9.7 0.006
Age, no (%) 0.012

<75 167 (24.2) 174 (21.7)

75-85 253 (36.7) 254 (31.7)

85+ 269 (39.0) 374 (46.6)
Intervention location, no (%) 0.965

Home 573 (83.2) 669 (83.4)

Healthcare institution 100 (14.5) 116 (14.5)

Public place 16 (2.3) 17 (2.1)
HR, 1/minute 102.6+27.7 101.0+£26.6 0.250
HR>120/minute, no (%) 320 (47.1) 383 (45.6) 0.652
SBP, mmHg 153.8+37.5 158.0+34.3 0.024
SBP>140mmHg, no (%) 406 (59.4) 523 (66.5) 0.004
SaOQ, % 88.7+9.5 879+10.4 0.238
SaOQ<90%, no (%) 297 (43.7) 341 (43.3) 0.874
RR, 1/minute 31.3+£8.2 31.3+8.8 0.772
RR>30/minute, no (%) 337 (50.5) 382 (48.4) 0.409
GCS (%) 0.752

15 455 (82.0) 400 (80.2)

12-14 80 (14.4) 79 (15.8)

9-11 20 (3.6) 20 (4.0)
GCS<15, no (%) 100 (18.0) 99 (19.8) 0.451
Abnormal vital signs® 275 (39.9) 311 (38.8) 0.655
Night intervention, no (%) 331 (48.0) 344 (42.9) 0.046
Senior supervision, no (%) 2 (0.3) 12 (1.65) 0.024

Plus—minus values are means+SD.

GCS, Glasgow Coma Scale; HR, heart rate; NIV, noninvasive ventilation; RR,
respiratory rate; SaOQ, oxygen saturation; SBP, systolic blood pressure.
“Abnormal vital signs was defined as more than half of available abnormal signs
(HR>120/minute, SBP>140mmHg, Sa02<90%, RR>30/minute, and GCS
score<15).

Table 2 Univariable and multivariable logistic regressions for
intubation rate

Nonadjusted Adjusted
OR 95% CI OR 95% ClI

Post-NIV implementation® 0.3** 0.1-0.7 0.3*  0.1-0.7
Male 1.2 0.5-2.7 NA NA
Age, years

<75 Ref. Ref. NA NA

75-85 0.8 0.3-21

85+ 0.4 0.1-11
Intervention location

Home Ref. Ref. NA NA

Healthcare institution 0.9 0.3-2.9

Public place 1.9 0.2-14.7
HR, 1/minute

HR>120/minute, no (%) 2.8* 1.2-6.9 NA NA
SBP, mmHg

SBP>140mmHg, no (%) 2.1 0.8-5.7 NA NA
SaOZ, %

Sa0,<90%, no (%)? 6.7** 2.3-19.6 4.2*  1.4-12.7
RR, 1/minute

RR>30/minute, no (%)* 11.6* 2.7-49.6 78" 1.8-34.1
GCS<15, no (%) 4.4+ 1.6-12.0 NA NA
Night intervention 1.7 0.8-3.9 NA NA

Cl, confidence interval; GCS, Glasgow Coma Scale; HR, heart rate; NA, not
applicable; NIV, noninvasive ventilation; OR, odds ratio; RR, respiratory rate;
SaOQ, oxygen saturation; SBP, systolic blood pressure.

For multivariable regression, only three factors were included (post-NIV imple-
mentation, abnormal SaOQ, and abnormal RR).

*P<0.05; *P<0.01; ***P<0.001.

P=0.055). Finally, the overall 30-day mortality was 11.1%,
with no significant difference between the two groups
(11.2 versus 11.0%, P=0.901).
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Table 3 Univariable and multivariable logistic regressions for
intensive care admission

Nonadjusted Adjusted
OR 95% CI OR 95% CI
Post-NIV implementation 0.7** 0.5-0.9 0.6** 0.5-0.9
Male 1.8 1.3-2.4 1.7 1.3-2.3
Age 75+ years 0.4*** 0.3-0.6 0.5** 0.3-0.6
Abnormal vital signs 1.8%** 1.3-2.3 1.9% 1.4-2.6
Night intervention 0.9 0.7-1.2 0.8 0.6-1.0

Cl, confidence interval; GCS, Glasgow Coma Scale; HR, heart rate; NIV, nonin-
vasive ventilation; OR, odds ratio; RR, respiratory rate; SaOQ, oxygen saturation;
SBP, systolic blood pressure.

Abnormal vital signs means that at least half of the available vital signs meet
the following criteria: HR>120/minute, SBP>140mmHg, Sa02<90%,
RR>30/minute, and GCS<15.

*P<0.05; *P<0.01; **P<0.001 (h=1408).

Discussion

"This study highlights the association between the avail-
ability of prehospital NIV and immediate and short-term
outcomes. Once NIV was introduced in our prehospital
system, there was a significant reduction in both prehos-
pital ETT and ICU admissions rates regardless of the
adjustment model. Length of intervention and mortality
remained similar between both periods.

Intrahospital studies have shown that CPAP [13] and NIV
[14] decrease the intubation rate in ACPE, and some pre-
hospital studies have shown that both CPAP [1,15] and
NIV [16,17] can be used in the field. As far as we know,
this is the first study to show a decrease in E'TT specifi-
cally linked to prehospital NIV.

Over one third of the patients of the intervention group
were treated by NIV. This high proportion contrasts with
the low number of ETT in the control period and could
be explained by the fact that NIV was used not only in
the most critically ill, but also in less severe patients to
prevent respiratory distress worsening [4]. In addition,
in spite of the hypotensive risk associated with positive
pressure ventilation, NIV might have been used on some
unstable patients provided there was no coma or major
hypoperfusion. Indeed, some authors advocate the use
of NIV in carefully selected cases of cardiogenic shock
associated with respiratory failure [5,18]. Moreover, even
though the benefits of positive pressure ventilation on
ACPE were already well known in our control period, the
advantages of mechanical ventilation were to be weighed
against potential E'TI-associated complications, induc-
ing a selection of the most unstable patients [19]. Our
results therefore also suggest an increase in the propor-
tion of patients who can benefit from positive pressure
ventilation.

In fact, respiratory disorders occur according to a con-
tinuum of progressive symptoms and signs and the
prehospital clinician must decide on the most appro-
priate treatment on a case-by-case basis. On-site blood
gas analysis and left ventricular function assessment by
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transthoracic portable ultrasound could improve clini-
cal stratification and identification of AHF phenotype
in order to target treatments [20]. The ever-widening
range of diagnostic and therapeutic tools requires careful
evaluation in order to determine the most efficient tech-
niques. Though CPAP and NIV are the only validated
techniques used to provide the mandatory intrathoracic
positive pressure for ACPE, several authors consider
high-flow nasal cannula oxygen for hypoxemia in pre-
selected AHF cases. The efficacy of this technique has
yet to be proven in this particular setting, as, conversely
to N1V, it neither delivers a reliable positive end-expir-
atory pressure nor does it add the additional inspiratory
aid required in exhausted and hypercapnic patients
[5,10].

We found a trend toward a lower ETT rate in older
patients. Although aging is not an independent risk fac-
tor for difficult intubation in the field [19], mechanical
ventilation is associated with an unfavorable prognosis
and physicians might try to avoid intubation in elderly
patients in order to prevent ICU admissions and compli-
cations [21].

Unlike previous ED studies [22], we found a significant
decrease in ICU admissions following NIV implemen-
tation. It has already been shown that, in comparison to
standard medical care, immediate application of positive
pressure in prehospital ACPE significantly improves
physiological variables and symptoms [23]. More recently,
prehospital management has been recognized as a critical
component of care in AHF [2] and both CPAP or NIV are
now recommended in the case of acute respiratory dis-
tress related to this disease in the prehospital setting in
order to reverse respiratory failure faster [5]. Early stabi-
lization of our patients thanks to prehospital NIV might
have led to easier weaning from ventilation in the ED.
Such reduction in the need for further positive pressure
ventilation would then lead to a decrease in the ICU
admission rate. The continued need for NIV in ED is

indeed an indicator of greater severity and of heightened
odds of admission to ICU [24].

As our study is, by design, both retrospective and with-
out matching, some limitations must be acknowledged.
Randomization was of course impossible, and significant
bias might remain even after adjustment. Nevertheless,
baseline characteristics were similar between both
groups, and comparable to those described in other stud-
ies [25]. We were unfortunately unable to obtain ED
data on left ventricular function, although most patients
had not only elevated SBP values but were also more
frequently female and older as it is often the case in
emergency medicine settings [2]. Though some of the
included cases might have been misdiagnosed, such
patients are nevertheless treated in the same way as true
ACPE cases in clinical practice and must therefore also
be taken into account [1].
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Some first-line treatment variability might have hap-
pened owing to the time elapsed between the two peri-
ods and to the changes in the ESC guidelines. Despite
the existence of a treatment protocol, both the diagnosis
and the ventilator’s use and settings depended on the
physician’s evaluation, which is subject to some inter-
individual difference. Furthermore, the effect of CPAP
alone could not be evaluated, as inspiratory aid had to be
applied in order to compensate for the breathing circuit
resistance.

Finally, even though the OR for ETT was significantly
lower in the NIV period, we were not able to adjust our
results for more than 2 other variables given the low
number of intubations.

Conclusion

Our study suggests that in a physician-staffed prehospital
system, use of NIV in patients with ACPE decreases the
rate of E'T'T and the rate of ICU admission. Because of
the limitations of the present retrospective study, a mul-
ticentric prospective study, encompassing subgroup anal-
ysis according to the clinical severity and the etiology of
ACPE, should confirm our results.
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