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ABSTRACT

Objective To compare the efficacy of continuous
positive airway pressure (CPAP) versus usual care for
prehospital patients with severe respiratory distress.
Methods We conducted a parallel group, individual
patient, non-blinded randomised controlled trial in
Western Australia between March 2016 and December
2018. Eligible patients were aged =40 years with acute
severe respiratory distress of non-traumatic origin and
unresponsive to initial treatments by emergency medical
service (EMS) paramedics. Patients were randomised
(1:1) to usual care or usual care plus CPAP. The primary
outcomes were change in dyspnoea score and change in
RR at ED arrival, and hospital length of stay.

Results 708 patients were randomly assigned (opaque
sealed envelope) to usual care (n=346) or CPAP
(n=362). Compared with usual care, patients randomised
to CPAP had a greater reduction in dyspnoea scores
(usual care —1.0, IQR =3.0 to 0.0 vs CPAP —3.5, IQR
—5.2 to —2.0), median difference —2.0 (95% Cl —2.5 to
—1.6); and RR (usual care —4.0, IQR —9.0 to 0.0 min°
"vs CPAP 8.0, QR —14.0 to —4.0min™"), median
difference —4.0 (95% Cl —5.0 to —4.0) min™". There was
no difference in hospital length of stay (usual care 4.2,
IQR 2.1 to 7.8days vs CPAP 4.8, IQR 2.5 to 7.9 days) for
the n=624 cases admitted to hospital, median difference
0.36 (95% CI —0.17 t0 0.90).

Conclusions The use of prehospital CPAP by EMS
paramedics reduced dyspnoea and tachypnoea in
patients with acute respiratory distress but did not
impact hospital length of stay.

Trial registration number ACTRN12615001180505.

INTRODUCTION

Acute respiratory failure (ARF), presenting as
dyspnoea, is a common reason for patients to
contact emergency medical (ambulance) services
(EMS).! It may arise from a variety of cardiorespira-
tory conditions,” such as acute pulmonary oedema
(APO), asthma and chronic obstructive pulmonary
disease (COPD). Current EMS guidelines in our
jurisdiction (Western Australia) recommend opti-
mising patient positioning, titrated oxygen therapy
and specific management options directed at the
underlying disease,” such as bronchodilators for
COPD and glyceryl trinitrate for APO.*
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What is already known on this subject

» Acute respiratory failure, presenting as
dyspnoea, is a common reason for patients
to contact emergency medical (ambulance)
services.

» Non-invasive positive pressure ventilation
techniques such as continuous positive airway
pressure (CPAP) provide ventilatory support
without the need for an (invasive) endotracheal
tube, and is commonly used in the hospital
setting as a treatment for acute respiratory
failure and alleviating respiratory distress.

» The current evidence base for the efficacy
and safety of the use of CPAP by emergency
medical service (EMS) paramedics is limited by
observational studies and small clinical trials.

What this study adds

» Our large prehospital randomised controlled
trial showed that the use of CPAP by EMS
paramedics was more effective than usual
care in reducing dyspnoea and tachypnoea in
patients with acute respiratory distress, with no
increased risk of adverse outcomes.

» CPAP is a safe and effective prehospital
intervention for symptom management in
patients with acute respiratory distress.

» We recommend CPAP to be included as an
option for managing dyspnoea in selected
patients in the clinical practice guidelines of
EMS.

Non-invasive  positive pressure ventilation
(NIPPV) techniques such as continuous positive
airway pressure (CPAP) provide ventilatory support
without the need for an (invasive) endotracheal
tube and have been increasingly used in the hospital
setting as a treatment for ARF and alleviating
respiratory distress.” Some EMS (eg, Ambulance
Victoria, Australia) have introduced the use of CPAP
by paramedics in the prehospital setting. However,
the evidence of efficacy is limited by mostly
observational studies and small clinical trials, and
remains inconclusive, particularly in EMS without
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direct physician support, or across the spectrum of underlying
pathology.® The objective of this study was to assess whether the
prehospital use of CPAP by paramedics reduces breathlessness
(dyspnoea score and RR) and reduces hospital length of stay in
patients with severe respiratory distress attended by EMS.

METHODS

Study design and setting

This individual patient, parallel group randomised controlled
trial (RCT) was conducted by St John (Ambulance) Western
Australia (S]-WA) in the greater metropolitan area of Perth and
selected rural areas in Western Australia (WA). SJ-WA is a single-
tier ambulance service that is the sole provider of emergency
road ambulances in WA. There were 170331 ambulance atten-
dances in the Perth metropolitan area in the year ending 30 June
2018, 83% of which were deemed emergency/urgent.” Within
metropolitan Perth (and the rural areas involved in this study),
SJ-WA ambulances were staffed by two crew members, at least
one of whom was a qualified (3-year University Bachelor degree)
paramedic.” The WA population in 2017 was 2574193 and
1165850 (45.3%) were aged 40 years or older, and 2037902
(79.2%) lived in the capital city of Perth.® Patients enrolled in the
study were transported to one of the nine metropolitan (adult)
EDs or five rural acute hospitals.

Selection of participants

Enrolment commenced on 5 March 2016 and concluded 31
December 2018. Patients were screened for eligibility by the
attending study paramedic. Patients were eligible for enrol-
ment if they were aged >40 years, with acute severe respiratory
distress (as defined by the St John WA Clinical Practice Guideline
(CPG) for Dyspnoea & Respiratory Distress)’ of non-traumatic
origin, had a RR of >22 breaths/min and were unresponsive to
at least 5 min of initial treatment. Patient ‘responsiveness’ was
assessed by paramedics based on the overall patient condition,
including improvement in the dyspnoea score, reduced RR and
improvement in oxygen saturation, guided by the St John CPG
relating to respiratory distress.” Patients were excluded if they
had reduced consciousness (only responsive to Pain or Unre-
sponsive)'’; a systolic BP <90 mm Hg; were being uncoopera-
tive; or thought to have a possible pneumothorax, anaphylaxis,
drowning, smoke inhalation, aspiration or pregnancy.

Interventions

Randomisation and masking

Patients were randomly assigned (1:1) to CPAP (intervention) or
usual care. A computer-generated randomisation sequence using
block randomisation (with variable block size) was generated
(TW). Allocations were concealed by placing them in sequentially
numbered, opaque, sealed, tamper-evident envelopes. Randomi-
sation was achieved by the trial paramedic opening the envelope
after eligibility was confirmed. The trial was ‘open label’ as it
was not possible to conceal treatment allocation to the patient
or trial paramedic after randomisation. The research nurse (NM)
extracting the trial outcome data from clinical records was not
blinded to allocation because she had access to the patient’s
treatment record indicating whether CPAP was delivered or not.

Procedures

A total of 195 paramedics volunteered to recruit patients into
the RCT (approximately 25% of the SJ-WA paramedic work-
force). Study paramedics received 4hours of face-to-face
training, which included implementation of the study protocol,

recognition of the inclusion/exclusion conditions, the practical
use of CPAP and accurate recording of the outcome measures.
CPAP was provided using the Flow-Safe II CPAP mask (Mercury
Medical, Florida, USA). This disposable, oxygen-driven CPAP
system provides positive airway pressures of between 2 and
12emH,O according to the oxygen flow rate. The pressure
delivered to the patient is displayed through a manometer built
into the mask. Patients in the CPAP group were commenced on
10ecmH,O CPAP. The level of CPAP was titrated in 1cmH,O
increments according to the patient’s response. Response was
assessed according to peripheral oxygen saturations, RR and
patient comfort. As per the SJ-WA CPG!! for oxygen therapy,
the target peripheral oxygen saturation (SpO,) was 88%-92%
for patients with known COPD and 94%-96% for those without
a history of COPD. CPAP was reduced to 5 cm H, O if the patient
became hypotensive. CPAP was discontinued if the patient was
unable to maintain their airway, systolic BP fell to <90 mm Hg,
the patient could not tolerate the mask, vomiting occurred,
the patient no longer responded to voice indicating decreased
consciousness level or a suspected pneumothorax developed.
Otherwise, treatment continued until arrival at the ED.

Both the intervention and the control groups received the
standard medical care for the presumed underlying condition
in accordance with the relevant SJ-WA CPG,'? which included
titrated oxygen plus: glyceryl trinitrate for APO; salbutamol ip-
ratropium bromide nebulised for COPD and asthma; and intra-
muscular epinephrine for life-threatening asthma.'>

Measurements and outcomes

The primary patient-centred outcomes were (1) change in RR
and (2) change in dyspnoea score (patient-defined using a Visual
Analogue Scale (VAS): 0-10cm). The recruiting paramedic
recorded on the study card the patient’s initial score and final
score (immediately prior to ED arrival) for RR and the dyspnoea
score. Paramedics participating in the trial were advised to use
the Dyspnoea VAS in a similar manner to the pain score.' If the
initial or final RR or dyspnoea score were missing from the study
card, the values were imported from the electronic patient care
record (e-PCR). The health system centred primary outcome was
hospital length of stay.

Secondary outcomes were oxygen saturation (pulse oximetry),
prehospital care duration (minutes from EMS arrival on scene
until ED arrival), intubation prior to discharge from ED, inten-
sive care admission, adverse events, and in-hospital and 30-day
mortality (the latter ascertained from WA death records). In-hos-
pital outcomes were obtained from medical record review by the
study research nurse (NM) for patients transported to one of the
participating metropolitan hospitals.

Analysis

We initially determined that only 60 patients were required
in each group (intervention and control). However, to ensure
sufficient power for subgroup analyses, we undertook prelim-
inary analysis (applying similar study inclusion criteria to an
earlier cohort of patients) to determine the likely frequency
of subgroups. The three most common paramedic-determined
problem codes were APO, COPD and respiratory infections,
with the least common of these (respiratory infections) having
a frequency of 16%. With the aim of having sufficient power
for the subgroup analysis of APO, COPD and respiratory infec-
tions, we determined the total sample size required for the least
common subgroup to comprise 60 patients. For this calculation,
we rounded the frequency of the minimum subgroup of interest
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Estimate' of patients potentially eligible for
recruitment by study paramedics (n=2700)

-
=
-5}
£
)
=
= Randomized (n = 708)
Allocated to Usual care (n = 346) Allocated to CPAP (n = 362)
Received allocated intervention (n=345) Received allocated intervention (n=358)
= e One patient received CPAP
-E Did not receive allocated intervention (n=4)
B e Declined before initiating CPAP, n=2
= e Arrested before initiating CPAP, n=2
< e Received allocated treatment but did not
tolerate CPAP 37/358 (10.3%)
Hospital follow up (n=330) Hospital follow up (n=338)
=
= Reason for no hospital follow-up (n=16) Reason for no hospital follow-up (n=24)
E e Rural cases, n=14 e Rural cases, n=21
S e Patient Refused, n=0 e Patient Refused, n=2
= e Missing medical record, n=1 e  Missing medical record, n=1
e Died at scene, n=1 e Died at scene, n=0
@ Analysed Analysed
z2 Prehospital analysis (n = 346) Prehospital analysis (n = 362)
Té ED analysis (n=330) ED analysis (n=338)
< In-hospital analysis (n=307) In-hospital analysis (n=317)

e Discharged ED, n=16
e Died ED, n=4
e Inter-hosp transfer, n=3

e Discharged ED, n=12
e Died ED, n=8
e Inter-hosp transfer, n=1

Figure 1 CONSORT (Consolidated Standards of Reporting Trials) flow diagram. 'Estimation based on (total of number of patients attended during
the study period) minus (interhospital transfers, patients aged less than 40 years, RR<=22/min or GCS<15 or BP<90 mm Hg, cases with a problem

code other than APO, COPD, asthma, respiratory infection or other respiratory problem), divided by 4 (since only 25% of the paramedics participated
in the study). APO, acute pulmonary oedema; COPD, chronic obstructive pulmonary disease; CPAP, continuous positive airway pressure, n, represents

the total sample number.

to 1/6. Thus, we planned to recruit 360 patients for each of the
intervention and control groups (ie, so that for each arm of the
study, 1/6 X N=60, where N is the target sample size).

A planned single blinded interim analysis was conducted at
the midway point of the study (2017) and did not invoke the
Haybittle-Peto interim stopping rule.'*

Baseline characteristics were reported as counts (n) with
percentages (%) for categorical variables and medians with IQR
for continuous variables. Outcome differences between treat-
ment and control groups were tested using the Mann-Whitney U

test for continuous variables and ” test for categorical variables.
The median differences (and 95% CI) were calculated using the
Hodges-Lehmann estimate.'”> We performed intention-to-treat
analyses.

Because there was no way for the study paramedics to check
prior study enrolment, it was anticipated that there might be
some patients who were recruited more than once over the
study period. A sensitivity analysis was therefore conducted to
compare outcomes if only the first (index) randomisation was
used. An ‘a priori’ subgroup analysis of patients with APO,
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Table 1 Baseline characteristics of patients by treatment group

Characteristics Total (N=708) Missing, n (%)

Usual care (n=346)

Missing, n (%)

CPAP (n=362)

Missing, n (%)

Age (median, IQR) 77.3 (68.3 to 84.3) 0

Female, n (%) 311 (43.9) 0
Participants by year, n (%)

2016 159 (22.5) 0

2017 266 (37.6) 0

2018 283 (40.0) 0
Rural cases, n (%) 36 (5.1) 0
Dispatch priority 1, n (%) 665 (94.1) 1(0.1)
Daytime (7:00-19:00), n (%) 327 (46.2) 0
Initial observations

Systolic BP <100 mmHg, n (%) 13(1.8) 5(0.7)

Dyspnoea VAS, median (IQR) 9.0 (8.0 t0 10.0) 43 (6.1)

RR, median (IQR) 40.0 (32.0 to 44.0) 0

RR =30, n (%) 609 (86.0) 0

Temperature >38°C, n (%) 122 (18.7) 56 (7.9)

Sp0,, median (IQR) 85.0 (78.0 to 90.0) 2(0.3)
Paramedic problem code, n (%) 0

Acute pulmonary oedema 226 (31.9)

Asthma 42 (5.9)

COPD 213 (30.1)

Respiratory infection 86 (12.1)

Other respiratory problem 78 (11.0)

Other 63 (8.9)
Hospital diagnosis, n (%)* Total (n=624)

COPD 214 (34.3)

Heart failure 134 (21.5)

Other respiratory disorders 83 (13.3)

Influenza/Pneumonia 81(13.0)

AMI 33 (5.3)

Other circulatory disorders 27 (4.3)

Endocrine, nutritional and metabolic 12 (1.9)

diseases

Infectious and parasitic diseases 9(1.4)

Other diseases 29 (4.6)

Unknown 2(0.3)

77.6 (68.0 to 84.8) 0 77.0 (68.7 to 83.9) 0

154 (44.5) 0 157 (43.4) 0

76 (22.0) 0 83(22.9) 0

138 (39.9) 0 128 (35.4) 0

132 (38.2) 0 151 (41.7) 0

15 (4.3) 0 21(5.8) 0

327 (94.8) 1(0.3) 338 (93.4) 0

161 (46.5) 0 166 (45.9) 0

8(23) 2 (0.6%) 5(1.4) 3(0.8)

9.0 (8.0t0 10.0) 23 (6.6) 9.0 (8.0t0 10.0) 20 (5.5)

38.0 (32.0 to 42.0) 0 40.0 (32.0 to 45.0) 0

290 (83.8) 0 319(88.1) 0

59 (18.4) 25(7.2) 63 (19.0) 31 (8.6)

85.0 (78.0 to 90.0) 0 84.0 (76.0 to 90.0) 2(0.6)
0 0

101 (29.2) 125 (34.5)

24 (6.9) 18 (5.0)

102 (29.5) 111 (30.7)

45 (13.0) 4 (11.3)

34(9.8) 44(12.2)

40 (11.6) 23 (6.4)

Usual care (n=307) CPAP (n=317)

103 (33.6) 111 (35.0)

65 (21.2) 69 (21.8)

46 (15.0) 37(11.7)

39(12.7) 42 (13.2)

12 3.9) 21 (6.6)

15 (4.9) 12 (3.8)

6(2.0) 6(1.9)

5(1.6) 4(1.3)

15 (4.9) 14 (4.4)

1(0.3) 1(0.3)

*Hospital diagnosis is available for only those eligible for in-hospital analysis (n=624).

COPD, chronic obstructive pulmonary disease; CPAP, continuous positive airway pressure; Sp02, peripheral capillary oxygen saturation; VAS, Visual Analogue Scale.

COPD and respiratory infection was also conducted. All data
analyses were conducted using IBM SPSS Statistics (V.24; SPSS).

Ethics approval

Approval was obtained from the Curtin University Human
Research Ethics Committee (HREC) (#HR220/2015) for the
prehospital RCT with waiver of consent; and HREC approval
with waiver of consent for the in-hospital medical record review
follow-up was obtained from each of the participating metropol-
itan hospitals, with the following lead sites: Sir Charles Gairdner
and Osborne Park Healthcare Group (HREC 2016-148); Joon-
dalup Health Campus (Ref 1715); and St John of God Midlands
(Ref 1477).

Patient and public involvement

Patients or the public were not involved in the design, or
conduct, or reporting or dissemination plans of our research.
However, this will be rectified for future Prehospital, Resusci-
tation and Emergency Care Research Unit (PRECRU) studies.

RESULTS

Characteristics of study subjects

A total of 708 patients were assigned to either usual care (n=346)
or CPAP (n=362) (figure 1). The median age of the study partic-
ipants was 77.3 (IQR 68.3-84.3) years, with 56% males. A
total of 668 patients (usual care 330; CPAP 338) recruited in
the metropolitan area had in-hospital follow-up (see figure 1). A
total of 47 patients were recruited in the study more than once,
hence the sensitivity analysis consisted of 661 index cases.

Of the 362 patients allocated to the CPAP group, 4 (1.1%)
did not receive CPAP (2 improved and 2 deteriorated before
mask application). Of the 358 patients who had a mask applied,
37 (10.3%) did not tolerate CPAP and had it removed (prehos-
pital) after undocumented periods of time. Of these 37 patients,
the only details recorded for 19 were ‘unable to be tolerated’.
Of the remaining 18, the stated reason for removal of the mask
was as follows: n=8 patient anxiety/claustrophobia; n=7the
patient’s condition deteriorated; n=2mask unable to be fitted
due to face size or skin cancers; and one due to nausea. Of
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Table 2 Comparison of PREHOSPITAL primary and secondary outcomes by treatment group (N=708)

Missing, n Missing, n Median difference
Outcomes Usual care (n=346) (%) CPAP (n=362) (%) % difference (95%Cl)  (95%Cl) P value*
Primary outcomes
Dyspnoea VAS score
First, median (IQR) 9.0 (8.0 to 10.0) 23 (6.6) 9.0 (8.0 to 10.0) 20 (5.5) 0(0to0) 0.21
Pre-ED arrival, median (IQR) 7.0 (5.0 to 8.8) 32(9.2) 5.0 (3.0 to 7.0) 25(6.9) -2.0(=2.0t0 -1.5) <0.001
Change (PreED-First), median (IQR) —1.0 (3.0 t0 0.0) 32(9.2) -3.5(-5.2t0-2.0) 25 (6.9) -2.0(-2.5t0 -1.6) <0.001
RR
First, median (IQR) 38.0 (32.0 t0 42.0) 0 40.0 (32.0 to 45.0) 0 2.0 (0.0 to 3.0) 0.007
Pre-ED arrival, median (IQR) 32.0 (28.0 to 40.0) 0 28.0 (24.0 t0 36.0) 2(0.6) -2.0(-4.0t0 -2.0) <0.001
Change (PreED-First), median (IQR) —4.0 (9.0 to 0.0) 0 -8.0(-14.0t0 -4.0) 2 (0.6) —4.0 (5.0 to —4.0) <0.001
RR >30 (First), n (%) 290 (83.8) 0 319 (88.1) 0 4.3(-0.81t09.4) 0.10
RR >30 (PreED), n (%) 222 (64.2) 0 168 (46.7) 2 (0.6) -17.5(-24.7 t0 -10.3) <0.001
Secondary outcomes
Oxygen saturation (Sp0,)
First, median (IQR) 85.0 (78.0 t0 90.0) 84.0 (76.0 to 90.0) 2(0.6) -1.0(-3.0t0 0.0) 0.08
Pre-ED arrival, median (IQR) 97.0 (93.0 t0 99.0) 97.0(93.0t0 100.0) 4 (1.1 0.0 (0.0 to 1.0) 0.40
Change (PreED-First), median (IQR) 10.0 (5.0t0 17.0) 11.0 (7.0 t0 18.0) 4(1.1) 2.0(0.0 to 3.0) 0.01
Time from arrival at scene to arrival at ED  35.0 (28.0 to 42.0) 37.0 (31.0 to 46.0) 0 3.0 (1.0 to 4.0) 0.001
(min), median IQR
Priority 1 transport to hospital, n (%) 133 (38.6) 1(0.3) 175 (48.6) 2(0.6) 10.0 (2.7t017.3) 0.01
Death within 30 days, n (%) 52 (15.0) 0 58 (16.0) 0 1.0 (-4.3106.3) 0.72

*Mann-Whitney test for continuous variables, and Pearson'’s x* test for categorical variables.

CPAP, continuous positive airway pressure; Sp02, peripheral capillary oxygen saturation; VAS, Visual Analogue Scale.

the 346 cases allocated to usual care, 1 patient (incorrectly)
received CPAPR,

There were no important differences between the study groups
in baseline characteristics nor initial observations (table 1). The
initial dyspnoea score was rated as severe in both groups (median
VAS of 9, IQR 8-10); and most patients (86.0%; 95% CI 83.5%
to 88.6%) had severe tachypnoea, with an RR =30 per minute.
Similarly, the initial SpO, was indicative of significant hypox-
aemia, with a median SpO, of 85.0% (IQR 78.0%-90.0%).
The two most common prehospital presenting problems (as
determined by the paramedics) were APO (31.9%) and COPD
(30.1%), with a similar distribution between the treatment
groups.

Main results

The main results are displayed in table 2 (prehospital outcomes),
table 3 (in-hospital outcomes) and figure 2 (hybrid parallel line
plot of dyspnoea score reduction).

Primary and secondary outcomes

For the primary outcomes, patients randomised to CPAP had a
greater reduction in dyspnoea score (ie, less difficulty breathing)
at ED arrival (median change —3.5,IQR —5.2 to —2.0) compared
with those randomised to usual care (median change —1.0, IQR
—3.0 to 0.0), median difference=—2.0 points (95%CI —2.5
to —1.6) (table 2). Figure 2 illustrates this greater reduction in
dyspnoea scores in the CPAP group compared with the usual
care group. There was also a greater reduction in RR in the
CPAP group compared with the usual care group at ED arrival
(table 2). At baseline, the percentage of patients with an RR of
>30 per min was comparable in both groups, whereas at ED
arrival 46.7% of patients in the CPAP group had an RR of >30
per min compared with 64.2% in the usual care group; —17.5%
difference (95% CI —24.7% to —10.3%). There was no clini-
cally important difference in the median (IQR) hospital length
of stay for the CPAP group (4.8 days; 2.5 to 7.9) compared with

the usual care group (4.2days; 2.1 to 7.8), median difference
0.36days (95%CI —0.17 to 0.90) (table 3).

The results for the primary outcomes were consistent with
those of the overall study even if the study cohort was restricted
to only index cases (online supplemental tables 1 and 2) or only
those patients admitted to hospital (online supplemental table
3). Similarly, results in each of the subgroups (APO, COPD and
respiratory infection) were consistent with the overall study
(online supplemental table 4).

For the secondary outcomes (table 2), oxygen saturation
improved at ED arrival in both groups, and there was no clini-
cally meaningful difference between the groups. Intubation rates
were low in both groups (total of 22 cases). Although twice as
many patients in the usual care group (4.5%) were intubated
than in the CPAP group (2.1%), the difference was not statis-
tically significant. As shown in table 3, of the 624 patients
admitted to hospital, there was no significant difference in the
percentage of patients admitted to intensive care unit (ICU); nor
was there any difference in survival to discharge (CPAP 89.09% vs
usual care 89.3%) or death within 30 days (CPAP group 16.1%
vs usual care group 14.0% table 3). While the median time from
arrival at the scene to arrival at ED was slightly longer in the
CPAP group (37 min) than the usual care group (35 min), it is
not likely to be clinically important.

Adverse events

Adverse clinical events were rare. There were 2 out of 362
(0.56%) prehospital cardiac arrests in the CPAP group; one
before CPAP was commenced, the other after the mask was
applied. In the usual care group, 3 out of 346 (0.87%) sustained
a cardiac arrest in ED. There were two cases of pneumothorax
diagnosed in ED (both in CPAP patients). One patient was
receiving bilevel NIPPV in ED at the time the pneumothorax
was diagnosed. There was no suggestion in the medical record of
either case that the pneumothorax was caused by the prehospital
CPAP.
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Table 3  Comparison of IN-HOSPITAL primary and secondary outcomes by treatment group (N=668)

Missing, n Missing, n % difference Median difference
Outcomes Usual care (n=330) (%) CPAP (n=338) (%) (95%Cl) (95%Cl) P value*
A. ED outcome
ED disposition, n (%) 0 0 0.19
Admitted to study hospital 307 (93.0) 317 (93.8)
Discharged home 16 (4.8) 12 (3.6)
Transferred to private hospital 3(0.9) 8(2.4)
Died in ED 4(1.2) 1(0.3)
ED discharge diagnosis 0
APO 89 (27.1) 1(0.3) 102 (30.2) 3.1 (-3.81010.0) 0.37
COPD 185 (56.2) 1(0.3) 200 (59.2) 3.0 (-4.5t0 10.5) 0.44
Pneumonia 74 (22.5) 1(0.3) 61 (18.0) —-4.5(-10.6 to 1.6) 0.15
Asthma 16 (4.9) 1(0.3) 11(3.3) -1.6 (4.6 t0 1.4) 0.29
AMI 19 (5.8) 1(0.3) 28 (8.3) 2.5(-1.4106.4) 0.21
Heart failure 44 (13.4) 1(0.3) 49 (14.5) 1.1 (-4.2 t0 6.4) 0.68
Sepsis 8(2.4) 1(0.3) 9(2.7) 0.3(-2.1t02.7) 0.85
ED interventions
CPAP commenced in ED 47 (14.2) 0 NA NA NA
BiPAP commenced in ED 106 (32.1) 0 135 (39.9) 0 7.8 (0.5 t0 15.1) 0.04
Intubation in ED, n (%) 15 (4.5) 0 7.1) 0 -2.4(-5.1100.3) 0.07
B. In-hospital outcomes Usual care (n=307) CPAP (n=317)
Primary outcome
Hospital length of stay (hours), 100.6 (50.7t0 187.5) 0 1142 (59.3t0188.6) 0 86(-4.0t021.6) 0.18
median (IQR)
Hospital length of stay (days), 42(2.11t07.8) 4.8(2.5t07.9) 0.36 (-0.17 t0 0.90) 0.18
median (IQR)
Secondary outcomes
ICU admission 50 (16.3) 0 46 (14.5) 0 -1.8 (-7.5t03.9) 0.54
Survival, n (%)
Survived to hospital discharge 274 (89.3) 282 (89.0) —0.3 (5.2 t0 4.6) 0.91
Death within 30 days 43 (14.0) 51 (16.1) 2.1(-3.51t07.7) 0.47

*Mann-Whitney test for continuous variables, and Pearson’s y test for categorical variables.
AMI, acute myocardial infarction; BiPAP, bilevel positive airway pressure; COPD, chronic obstructive pulmonary disease; CPAP, continuous positive airway pressure; ICU, intensive

care unit.;

DISCUSSION While twice as many patients in the usual care group were
In this prehospital RCT, CPAP use by EMS paramedics intubated (4.5%) than in the CPAP group (2.1%), the
was more effective in reducing dyspnoea and tachypnoea overall intubation rate (n=22; 3.3%) was very low and the
in patients with acute respiratory distress than usual care. percentage difference between groups was not significantly

Initial and final
dyspnoea scores

wH
8

0
Initial Final
Usual care group

Changes of dyspnoea scores at hospital arrival

Usual

Initial and final Changes of

Change of dyspnoea score of each participant dyspnoea scores dyspnoea scores

wH 6
4
8

2

5 ZHH

CPAP Initial Final Usual CPAP
CPAP group

Figure 2 Change of dyspnoea scores at hospital arrival. The drop lines show the initial and final dyspnoea score of each participant on the verbal
rating scale (0-10) in ascending order of the initial dyspnoea score for the usual care group and in descending order for the continuous positive
airway pressure (CPAP) group. The thick lines indicate the initial dyspnoea scores. The box plots beside the drop lines depict the dyspnoea score at the
initial and final assessments for the group, whereas the box plots to the right of the graph summarise the change in dyspnoea score for each group.
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different (—2.4%; 95%CI —5.1 to 0.3). There were no
differences in clinical complications, hospital mortality or
hospital length of stay.

There have been several RCTs of CPAP use in the prehospital
setting, which have been summarised in systematic reviews.® ¢ 17
The reviews varied in the types of studies that were included,
and the underlying causes of ARF. The Goodacre network meta-
analysis® included six prehospital CPAP studies with participant
numbers ranging from 36 to 207. This showed that prehospital
CPAP substantially reduced mortality (in-hospital or 30 days)
compared with standard care in patients with ARF (OR=0.41;
95% credible intervals (CrI) 0.20to 0.77). However, of the six
studies included in the network meta-analysis,® only two small
studies'® ¥ showed a significant difference between treatment
groups. Of note, four of the studies were conducted in centres
with physician-staffed EMS but it was only the two paramedic-
staffed studies'® ' that showed a significant difference in
mortality rates.

More recently, a small pilot study?® conducted in the UK
randomised 77 patients with ARF to prehospital CPAP versus
standard oxygen therapy. While the study was underpowered
to detect differences in the primary outcome (30-day mortality
from ARF), the mortality in both study groups was higher than
expected (27.3% vs an estimated 129). The authors concluded
that it was not feasible to conduct a larger study in the context
of the NHS ambulance services. However, they did note that
‘CPAP could also affect important patient-centred outcomes
such as symptom relief, which might be detected by differences
in dyspnoea VAS scores’.*

We did not find any indication of differences in mortality
between the treatment groups (15% vs 16%) in our study. While
intubation rates were low in each of the studies included in the
Goodacre et al® review, similar to our study, they all showed at
least double the number of intubations in the usual care group
compared with the CPAP group. Indeed, the Goodacre et al®
network meta-analysis showed a significant reduction in intuba-
tion in the CPAP group compared with the usual care group (OR
0.32;95% Crl 0.17to 0.62).

We chose, a priori, to use a patient-centred outcome of
dyspnoea as our primary outcome rather than ‘intubation’ or
‘mortality’. The American Thoracic Society acknowledges the
utility of dyspnoea measures as patient-reported endpoints for
clinical trials? and states that as with pain, adequate assess-
ment of dyspnoea is a subjective experience that requires self-
report.” In addition to having particular relevance to patient
comfort, dyspnoea scores have been shown to predict hospital
admissions, in-hospital mortality and early readmission in acute
exacerbations of COPD.?! As such, it has been argued that
dyspnoea scores are an appropriate primary outcome measure
for prehospital research in patients with respiratory distress.**
Furthermore, intubation numbers are so low that large study
recruitment numbers would be required to ensure adequate
study power.

As reported for other EMS,? the current S]-WA CPG recom-
mend a standard management approach for the treatment of
AREF, supplemented by specific management options directed at
the underlying disease.* However, we have shown that in the
prehospital setting, it can be difficult to determine the differ-
ential diagnosis underlying a patient’s respiratory distress.” As
previously suggested,? it may be more pragmatic to have a single
CPG for the clinical management of respiratory distress. Based
on our current study results, this should include the option of
using CPAP.

Limitations

Our study has several limitations. First, the RCT was conducted
in a single (although large) EMS staffed by paramedics in
a predominantly metropolitan setting. This may impact on
external validity for other EMS with different settings/staffing
profiles (eg, physician-led).”* Second, only some paramedics
(around 25%) volunteered to contribute to the study. While
there is no reason to suspect these study paramedics differed in
any meaningful way from those who did not volunteer, there is
the possibility that outcomes might be different if the trial were
to have involved all paramedics. Third, neither the intervention
nor in-hospital data extraction was blinded and hence there was
a risk of observer bias. Training of the study paramedics (and
research nurse) emphasised the importance of accurate docu-
mentation of outcomes to ensure internal validity of the study.?
Furthermore, the study was not powered for the secondary
outcomes, particularly of intubation, ICU care or mortality.

While a strength of our study is that we do have in-hospital
follow-up for most cases, there was a small proportion (5.6%) of
cases who were not followed up (mostly rural cases). There was
no difference in the baseline characteristics of the rural versus
metropolitan cases; and when analysed as a separate subgroup,
the rural cases alone similarly produced significant differences
in both primary outcomes, that is, improved dyspnoea score
and reduced tachypnoea (results not shown). While there were
a very small number of missing values for the primary outcome
of change in RR (0.3%), there were more missing values for the
change in dyspnoea scores (8%). However, the characteristics of
patients with and without missing dyspnoea scores were similar
(online supplemental table 5).

A further limitation is that there was incomplete recording
of timing of CPAP mask placement and removal. This made the
assessment of two initially defined secondary outcomes in the
study protocol, namely, ‘duration of CPAP (prehospital)’ and
‘continuation of CPAP in ED for at least 30 min’ impossible to
report. Finally, it was not possible to ascertain the total number
of patients who were assessed for inclusion in the study because
we did not ask paramedics to keep records of patients who they
considered might have been suitable for enrolment in the study
or not.

CONCLUSIONS

The use of CPAP by EMS paramedics was more effective than
usual care in reducing dyspnoea and tachypnoea in patients
with acute respiratory distress, with no increased risk of adverse
outcomes. There was no difference in hospital length of stay
or mortality between the treatment groups. This study adds to
a growing body of evidence that CPAP is a safe and effective
prehospital intervention for symptom management in patients
with acute respiratory distress.
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