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Abstract

Background: Lower intubation first-pass success (FPS) rate is associated with physiological deterioration, and FPS is
widely used as a quality indicator of the airway management of a critically ill patient. However, data on FPS's associa-
tion with survival is limited. We aimed to investigate if the FPS rate is associated with 30-day mortality or physiologi-
cal complications in a pre-hospital setting. Furthermore, we wanted to describe the FPS rate in Finnish helicopter
emergency medical services.

Methods: This was a retrospective observational study. Data on drug-facilitated intubation attempts by helicopter
emergency medical services were gathered from a national database and analysed. Multivariate logistic regression,
including known prognostic factors, was performed to assess the association between FPS and 30-day mortality, col-
lected from population registry data.

Results: Of 4496 intubation attempts, 4082 (91%) succeeded on the first attempt. The mortality rates in FPS and non-
FPS patients were 34% and 38% (P=0.21), respectively. The adjusted odds ratio of FPS for 30-day mortality was 0.88
(95% Cl 0.66-1.16). Hypoxia after intubation and at the time of handover was more frequent in the non-FPS group
(12% vs. 5%, P<0.001, and 5% vs. 3%, P=0.01, respectively), but no significant differences were observed regarding
other complications.

Conclusion: FPS is not associated with 30-day mortality in pre-hospital critical care delivered by advanced provid-
ers. It should therefore be seen more as a process quality indicator instead of a risk factor of poor outcome, at least
considering the current limitations of the parameter.

Keywords: Air ambulances, Emergency medical services, Critical care, Airway management, Rapid sequence
induction and intubation, First-pass success

Background

Tracheal intubation remains the gold standard in pre-
hospital advanced airway management (PHAAM) [1].
Excluding patients in cardiac arrest, PHAAM is usu-
ally performed as a rapid sequence induction (RSI) and
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and treating possible adverse effects [2—4]. Critically ill
patients represent the highest-risk patients to intubate;
complications such as hypoxia, hypotension, and cardiac
arrest are frequent [5-7]. The deterioration of physiology
is further exacerbated during airway management when
intubation requires more than one attempt [8, 9]. Hence,
RSI protocols emphasise the importance of achieving
successful endotracheal intubation on the first attempt to
reduce the incidence of adverse effects [2].

Thus, the first-pass success (FPS) rate has come to
reflect the quality and safety of the intubation procedure
in airway management. High-performing pre-hospital
systems have displayed an impressive increase in the FPS
rate in recent years [10-12]. However, the FPS rate has
been criticised as RSI's main quality indicator, as even if
complications increase with multiple attempts, the asso-
ciation between FPS and mortality is not established [8,
13, 14].

We aimed to evaluate the FPS rate, as a measurement
of the quality of care during pre-hospital RSI, by studying
its association with complications and mortality. Further-
more, we wanted to report the success rate of pre-hospi-
tal RSI in Finnish helicopter emergency medical services
(HEMS). Although FPS represents only a small portion
of PHAAM'’s complex process, it still incorporates many
aspects of high-quality performance. Thus, FPS might
function as a valuable quality indicator and predictor of
mortality.

Methods

Study design

We performed a retrospective observational study to
assess the independent association between FPS and
30-day mortality. Helsinki University Hospital’s ethi-
cal committee and all registry data owners approved
the study protocol. Data access was granted by all hos-
pitals responsible for HEMS (Oulu University Hos-
pital 200/2019 2.7.2019, Helsinki University Hospital
HUS/280/2019 9.7.2019, Turku University Hospital
J30/19 4.8.2019, Hospital District of Lapland 32/2019
22.8.2019, Kuopio University Hospital RPL 102/2019
22.82019 and Tampere University Hospital RTL-
R19580 2.9.2019), the Finnish Institute for Health and
Welfare (THL/2231/5.05.00/2019) and the Digital and
Population Data Services Agency (VRK/5613/2019-
3). The Strengthening the Reporting of Obser-
vational Studies in Epidemiology (STROBE) [15]
statement is followed in reporting this study.

Setting

This study was performed in Finnish HEMS, consist-
ing of five physician-staffed units and one unit staffed
by advanced paramedics serving the sparsely populated
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northern part of Finland. HEMS provides advanced level
pre-hospital critical care and rapid helicopter transport
as necessary. The same teams operate by rapid response
cars when weather conditions do not allow helicopter
use or the patient is near the HEMS base. HEMS is dis-
patched by the emergency response centres, according to
predefined dispatching criteria, or later upon request by
on-scene emergency medical services. The largest patient
groups treated are major trauma, out-of-hospital cardiac
arrest (OHCA) and unconsciousness due to, for example,
intracranial haemorrhage or poisoning [16].

Physicians in Finnish HEMS are mostly consultants or
final-year residents of anaesthesia and intensive care medi-
cine, and the turnover is low [17]. The proportion of work-
time in HEMS and hospitals varies substantially among
physicians. The advanced level paramedics have extensive
education and experience in pre-hospital critical care.

No national protocol for PHAAM exists in Finland.
Various equipment, including direct and video laryngo-
scopes, bougies and pre-inserted stylets, were available.
For inducing anaesthesia, the units had anaesthetics,
neuromuscular blocking agents (NMBA) and opioids
at their disposal, except for the paramedic staffed unit
in Lapland that did not have NMBA. One base imple-
mented a strict pre-hospital anaesthesia protocol, includ-
ing the selection of anaesthetic drugs, use of C-MAC
videolaryngoscopy and Frova introducer as a first-line
intubation strategy [11]. During the study period some of
the other bases also implemented local protocols. How-
ever, the consistency in the laryngoscopy strategies has
not been reported. Extensive monitoring was possible at
all units, including waveform capnography and invasive
blood pressure monitoring.

Participants and data sources

We included all patients with attempted drug-facilitated
intubation in Finnish HEMS between January 2014
and August 2019, regardless of the indication of airway
management. Patients with missing data on FPS were
excluded. The data were collected from the national
HEMS quality database. The physician or advanced para-
medic overseeing the HEMS mission is responsible for
entering detailed structured data into the database after
each mission. The database has been in use since 2012,
and the amount of missing data is low. The database has
been described and the data quality reported [16, 18].
The database follows the international recommendations
for data collection from physician-provided pre-hospital
critical care and PHAAM [19, 20].

Survival was followed for 30 days using the National
Population Registry data. Patients were identified by the
unique personal identification number, addressed to all
residents in Finland.
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Variables

The FPS was the exposure studied. The primary outcome
was 30-day mortality; secondary outcomes were reported
complications including hypoxia, hypotension, and death
before reaching the hospital. Hypoxia is defined as an
oxygen saturation below 90% and hypotension is defined
as a systolic blood pressure below 90 mmHg, these com-
plications was not to be present before airway interven-
tion and had to be recorded during or immediately after
airway management. These definitions of complications
followed the PHAAM data collection recommendations
[19]. Known variables associated with mortality in HEMS
patients but not all directly associated with the PHAAM
process were collected for multivariable analysis. These
variables included age, sex, Glasgow Coma Score (GCS)
and the first vital signs measured when the HEMS unit
encountered the patient, as well as patient category and
the time from the alarm to reaching the patient. These
variables were chosen based on existing literature, statis-
tical reasoning, and availability [21-24]. Patient catego-
ries were originally classified in the database according to
the data collection recommendations, but combined into
five groups due to the small number of patients in some
groups [25].

Statistical methods

For the primary outcome (30-day mortality), we per-
formed a multivariable logistic regression analysis using
age, sex, GCS, heart rate, systolic blood pressure, oxy-
gen saturation, patient category, time from the alarm to
reaching the patient and the FPS as predictors. No step-
wise methods were used when constructing the model,
all variables were entered into the model simultaneously.
For 79 patients sedated before being encountered by the
HEMS unit, a GCS of three was used. Only cases with all
included covariates recorded where included in the mul-
tivariate regression analysis. The results of the regression
analysis are reported as odds ratio (OR) with 95% con-
fidence interval (95% CI). The distribution of our data
was assessed visually with virtually all data being skewed.
Descriptive data are therefore reported as number
(percentages) for proportions and medians (interquar-
tile range) for continuous variables. The Mann-Whit-
ney U test was used to compare continuous data and
the Chi2 test was used to compare categorical data. A
P-value<0.05 was deemed to be statistically significant.
Missing data were excluded from the analyses.

All available data were used, and no power analysis was
performed beforehand. A post-hoc power calculation
was performed to assess the risk of type II error. All sta-
tistical analyses were done using SPSS Statistics for Mac,
version 27 (IBM Corp., Armonk, NY, USA).

Page 3 of 7

Results

During the study, the HEMS teams attempted 4496 drug-
facilitated intubations; all were included in the study. Fig-
ure 1 shows the flow chart of patient selection.

The median patient age was 59 (40-71), and 3476 (65%)
were male. The distribution among patient categories was
1638 (31%) neurological, 1242 (23%) OHCA, 1236 (23%)
trauma, 695 (13%) intoxication and 526 (10%) other.
OHCA indicates anaesthesia provided as part of post-
resuscitation care. Table 1 shows the baseline patient
characteristics according to FPS.

A total of 4082 patients were intubated on the
first attempt (FPS rate 91%); the overall success
rate was 99.7%. The FPS group received more often

Patients
encountered by
HEMS
(n=26,553)

No airway drugs
administered
(n=21,216)

Drugs administered
for airway
management
(n=5,337)

Data on FPS missing
(n=841)

Included and
analysed
(n=4,496)

Non-first pass
intubated
(n=414)

First pass intubated
(n=4,082)

Fig. 1 Patient selection flow chart
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Table 1 Baseline patient characteristics stratified by first-pass
success at intubation

FPS Non-FPS

n=4082 n=414
Patient characteristics
Age 59 (40-71) 61 (44-70)
Sex; male 2646 (65) 287 (69)
Patient category
Trauma 934 (23) 76 (18)
OHCA 935(23) 120 (29)
Neurological 1284 (31) 121 (29)
Intoxication 554 (14) 57 (14)
Other 375(9) 40 (10)
Vital signs at time of patient encounter
Respiratory rate (1/min) 16 (12-22) 18 (12-25)
Oxygen saturation (%) 96 (91-99) 95 (89-98)
Heart rate (1/min) 94 (75-114) 100 (80-119)
Systolic blood pressure (mmHg) 133 (110-162) 132 (105-160)
GCS 3(3-6) 3(3-6)
Operational characteristics
Time from alarm to patient contact (min) 23 (17-35) 25 (16-39)
Transport duration (min) 26 (16-40) 30 (17-45)
Transported by helicopter 600 (15) 79 (19)

Presented as median (25-75th percentile) or n (%). Respiratory rate, oxygen
saturation, heart rate, systolic blood pressure and GCS at patient encounter were
available for 3469 (77%), 3895 (87%), 4099 (91%), 3999 (89%) and 4496 (100%),
respectively. Transport duration could not be calculated for 449 (10%) cases
because of missing timestamps. FPS, intubation first-pass success; OHCA, out-of-
hospital cardiac arrest (anaesthesia provided as part of post-resuscitation care);
GCS, Glasgow Coma Scale

Table 2 Drugs used to facilitate intubation and on scene time
stratified by first-pass success at intubation

FPS Non-FPS P-value
n=4082 n=414
Neuromuscular blockade 3708 (91) 333 (80) <0.001
Sedative agent 3880 (95) 385 (93) 0.071
Analgesia 3190 (78) 338 (82) 0.099
On-scene time (min) 33(23-43) 40 (29-52) <0.001

Data presented as n (%) or median (25-75th percentile). On-scene time could
not be calculated due to missing time stamps for 273 (6%) cases. No missing
data for other variables. FPS, intubation first-pass success

neuromuscular blockade and had a shorter on-scene time
(Table 2).

Complete data on 30-day mortality was available for
4355 (97%) patients. Out of these patients, 1504 (34%)
died within 30 days of pre-hospital care. No significant
difference was observed in the mortality rate between
FPS and non-FPS patients (34% vs. 38%, P=0.21). Fur-
thermore, after adjusting for potential confounders, there
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was no significant independent relationship between FPS
and 30-day mortality (Fig. 2). All neccesary covariates
were available for 3683 patients and thus were included
in the multivariate logistic regression analysis. The
adjusted odds ratio of FPS for 30-day mortality was 0.88
(95% CI 0.66—1.16). Based on the post hoc power analy-
sis, the sample size has 80% power (alpha 0.05) to detect
a mortality rate difference of 7% (33% vs. 40%), with an
actual allocation of subjects to FPS and non-FPS groups.

Table 3 presents the secondary outcomes. FPS and
non-FPS groups differed in the hypoxia rate after intuba-
tion and at patient handover, whereas no difference was
observed regarding other complications.

Discussion

In this study, we found a high FPS rate by highly skilled
pre-hospital critical care providers and no association
between FPS and 30-day mortality. However, a failed first
intubation attempt was associated with hypoxia immedi-
ately following intubation and at patient handover to the
hospital.

In high-performing pre-hospital critical care, high FPS
rates (84.5%) of endotracheal intubation are achieved
rapidly (25 s) and with relatively short on-scene times
(25 min) [10]. A prior study in our system showed that
when a standardised protocol is implemented for RSI, the
FPS rate can be as high as 98.2% [11]. Multiple intuba-
tion attempts have clearly shown to increase the risk of
adverse events. It thus seems intuitive that FPS is vital in
the intubation procedure [8, 9, 26]. The FPS rate was also
recently presented as one of PHAAM’s core quality indi-
cators [27-29]. In the current study of a national HEMS
system, the FPS rate was high and comparable with pre-
vious findings [10].

Many factors influence the FPS rate, including envi-
ronmental, patient, provider, and system-related fac-
tors [30—32]. In our study, patients intubated with more
than one attempt received NMBA less frequently, which
might be partially explained by the fact that the north-
ernmost HEMS unit is paramedic-staffed and does not
use NMBA, possibly affecting FPS [33, 34].

However, despite the established position of the FPS
rate, the association between FPS and mortality remains
unclear. Furthermore, high complication rates are still
recorded despite FPS, especially in critically ill patients
[14, 35]. In fact, a study regarding emergency department
patients found no association between multiple attempts
at intubation in the emergency department and in-hospi-
tal survival, although a higher rate of adverse events was
noted [13]. Supporting this, our study found the same
lack of association between FPS and mortality while
revealing a connection with hypoxia.
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Fig. 2 Multivariate logistic regression model for 30-day mortality of 3683 patients undergoing pre-hospital anaesthesia that had data available on
all included covariates. OHCA, out-of-hospital cardiac arrest (anaesthesia provided as part of post-resuscitation care)

Table 3 Physiological complications according to intubation
first-pass success

FPS Non-FPS P-value
n=4082 n=414
Hypoxia post-intubation 160 (5) 32(12) <0.001
Hypotension post-intubation 366 (12) 44 (16) 0.072
Hypoxia at time of handover 108 (3) 20 (5) 0.010
Hypotension at time of handover 202 (5) 24 (6) 0.398
Survival to hospital 3879 (97) 394 (96) 0.154

Data presented as n (percentage). Data for hypoxia post-intubation, hypotension
post-intubation, hypoxia at handover and hypotension at handover were
available for 3298 (73%), 3312 (74%), 4120 (92%) and 4154 (92%) patients,
respectively. Survival to hospital was recorded for 4396 (98%) patients. FPS,
intubation first-pass success

If the FPS rate is high, it might reflect that the pre-
hospital critical care and intubation are also per-
formed to a high standard. If so, this might diminish
the influence of the FPS rate per se. We suggest that
over-emphasising the FPS value in single cases in a

high-performing HEMS setting might not be mean-
ingful. FPS should instead be used primarily as a sys-
tem-level quality marker. Taking care of overall patient
safety rather than focusing solely on the number of
intubation attempts is the most crucial concern, espe-
cially as the specific conditions for aborting the first
intubation attempt remain unstandardised [6, 36]. Even
in a recent consensus paper on PHAAM quality indi-
cators, the threshold to terminate an attempt remains
undefined and will need further clarification to improve
future studies and their interpretations. One solution
could be combining FPS with avoiding adverse events
for a more clinically relevant variable, as used in some
recent studies [35, 37, 38]. Our results also displayed
a significant difference in on-scene time between FPS
and non-FPS groups. Possibly reflecting more complex
cases in the non-FPS group resulting in overall delayed
on-scene times or more difficult airways requiring pro-
longed management.

To our knowledge, this is the first nationwide study
reporting the association of the intubation FPS rate and
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mortality in HEMS. Although the number of PHAAM
included in this study is high, it is still underpowered to
detect a smaller difference in mortality, according to the
post hoc calculations. The post hoc power calculation
shows the power is sufficient to determine a mortality
difference approximately twice as large as observed in
the study. If a difference in the mortality rate exists, as
observed in the current study, over 20,000 patients would
be needed to achieve adequate statistical power. This
corresponds to pre-hospital intubations of multiple dec-
ades in our country. Thus, combining data from different
countries in future studies is necessary. Furthermore, if
such a high number of procedures demonstrate the dif-
ferences in mortality, it is debatable whether the extent of
the effect is clinically significant.

Our study has several limitations. Firstly, this retro-
spective registry study increases susceptibility to differ-
ent biases, as reporting airway management is prone to
subjective factors, the database is unvalidated, and no
external referee is used during pre-hospital care [39]. Sec-
ondly, when studying a HEMS intervention in a pre-hos-
pital setting, several confounding factors are challenging
to take in to account for the statistical analysis. Examples
of these factors include the quality of care before HEMS
arrival, the quality of in-hospital care, emergency medical
response time and the time from the event to dispatch.
We also had some amount of missing data regarding first
pass success and mortality, which may introduce bias of
its own. The intervention studied was not standardised
between units, as no national standard operating proce-
dure for RSI was implemented. However, a standardised
data template for advanced airway management is imple-
mented in the HEMS database, and the data are uniform
[20].

We recognise PHAAM'’s complexity and that many fac-
tors can influence patient outcomes [40]. Also, 30-day
mortality can be considered a crude outcome quality
measure. The quality of life after the pre-hospital event
could be regarded as a more refined outcome, especially
given the result of the FPS rate on hypoxia shown in this
study [22, 41]. Our study did not include data on func-
tional outcomes; thus, we could not examine whether the
FPS rate impacts this.

Conclusions

In conclusion, the FPS rate was not associated with
30-day mortality in nationwide Finnish HEMS with an
overall high FPS rate. We suggest the FPS rate serves bet-
ter as a quality indicator describing the complex entity
of the PHAAM process rather than just a mortality out-
come predictor, at least considering the current limita-
tions of the parameter. However, care should be taken
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when assessing generalisability, as HEMS systems and
patient demographics might differ substantially. The
impact of the pre-hospital FPS rate on functional out-
come should be prospectively studied while controlling
for confounding factors.
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