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ABSTRACT

Objectives To test if impaired oxygenation or major
haemodynamic instability at the time of emergency
intensive care transport, from a smaller admitting hospital
to a tertiary care centre, are predictors of long-term
mortality.

Design Retrospective observational study. Impaired
oxygenation was defined as oxyhaemoglobin %—
inspired oxygen fraction ratio (S/F ratio)<100. Major
haemodynamic instability was defined as a need for
treatment with norepinephrine infusion to sustain mean
arterial pressure (MAP) at or above 60 mm Hg or having
a mean MAP <60. Logistic regression was used to
assess mortality risk with impaired oxygenation or major
haemodynamic instability.

Setting Sparsely populated Northern Sweden. A fixed-
wing interhospital air ambulance system for critical care
serving 900 000 inhabitants.

Participants Intensive care cases transported in fixed-
wing air ambulance from outlying hospitals to a regional
tertiary care centre during 2000—-2016 for adults (16 years
old or older). 2142 cases were included.

Primary and secondary outcome measures All-cause
mortality at 3 months after transport was the primary
outcome, and secondary outcomes were all-cause
mortality at 1 and 7 days, 1, 6 and 12 months.

Results S/F ratio <100 was associated with increased
mortality risk compared with S/F>300 at all time-points,
with adjusted OR 6.3 (2.5 to 15.5, p<0.001) at 3 months.
Major haemodynamic instability during intensive care unit
(ICU) transport was associated with increased adjusted OR
of all-cause mortality at 3 months with OR 2.5 (1.8 t0 3.5,
p<0.001).

Conclusion Major impairment of oxygenation and/

or major haemodynamic instability at the time of ICU
transport to get to urgent tertiary intervention is strongly
associated with increased mortality risk at 3 months in
this cohort. These findings support the conclusion that
these conditions are markers for many fold increase in risk
for death notable already at 3 months after transport for
patients with these conditions.

Strengths and limitations of this study
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» Complete case analysis and no loss to follow-up.

» Data collected over 16 years which enables a large
number of cases to be studied.

» No comorbidity or disease severity data which inhib-
its adjustment for these confounders.

» A single transport system  which
generalisability.

» All-cause mortality which prevents any conclusion
as to the actual cause of death.

limits

BACKGROUND AND AIMS
For sparsely populated regions in high-
income countries, advanced specialty and
subspecialty care are often centralised to
larger hospitals. This means that when
patients become critically ill, and then need
highly specialised care which is only available
in regional tertiary and quaternary hospitals,
they need to be transferred urgently to these
regional centres. When distances are great
between hospitals, this transport is most effi-
ciently managed by an air ambulance system
adapted for providing critical care during
transport. For longer distance transports,
fixed-wing ambulance systems are more cost-
effective than helicopter emergency medical
systems.! Inter-hospital critical care trans-
ports in northern Sweden are carried out by
specialised teams of anaesthesiology/inten-
sive care physicians and nurses, and the fixed-
wing air ambulance critical care transport
system is based at the University Hospital of
Umea.

Critically ill patients often suffer from a
range of physiological derangements, which
require advanced medical management
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Patientsin database

n=3917 Excluded
Total n=1775
Missing data (n=144)
Not urgent transport (n=1363)

< 16 yearsold (n=245)

Organ transplantation (n=17)
Meeting inclusion criteria

n=2142

.

Omitted cases due to
missing values

/

Major hemodynamic

Mortality analysis instability n=6

S/Fration=2142

Major hemodynamic
instability n=2136

Figure 1 Flowchart of patient selection for this study. S/F,
oxyhaemoglobin % and inspired oxygen fraction ratio.

during the transport, but also might contribute to risk
for reduced later survival. Impaired gas exchange in the
lungs leading to end-organ stress or injury is common
among critically ill patients. A hypoxaemic tendency can
be seen in up to 15% of those who arrive to the hospital
after air ambulance transport.” Endotracheal intubation
and mechanical ventilation may improve oxygenation at
the time of transport, but hypoxaemia is still seen in up
to 3% at arrival to hospital.” * Circulatory disturbances are
also common, and are often present at the same time as
hypoxaemia, which is associated with higher mortality.”
Up to 10% of patients may be hypotensive when arriving
to hospital with air ambulance.”

The clinical question in this study involves mortality
risks for this specific mixed cohort from a very large
geographic region which requires an advanced transport
system to allow access to definitive tertiary care when
severe injury or severe acute illness occurs. This can be
a form of benchmarking and assessment of regional
cooperative performance to allow survival for acutely
critically ill patients. There may be characteristics about
the region studied here, the case—cohort, or the hospital
services which influence patient survival, yet be difficult
to measure. The assessment here is on an empirical basis
using case characteristics available only during the emer-
gency intensive care unit (ICU) transport, which might
allow generalisation of possible findings to healthcare
systems.

We hypothesised that impaired oxygenation and major
haemodynamic instability both independently are asso-
ciated with increased risk for all-cause mortality at 3
months. A secondary hypothesis is that the same would
be associated with increased risk all-cause mortality up to
12 months after transport.

METHODS

Study population

The anonymised study cohort database was generated
from the Departmental (air ambulance) patient registry
for critically ill patients undergoing fixed-wing air ambu-
lance transportation to the University Hospital of Umea,
and linkage to date of death data from the Swedish
National Board of Health and Welfare. Inclusion was for
all cases during 2000-2016 for ages 16 years or older from
missions originating from local hospitals in the northern
healthcare region of Sweden to take patients emergently
for more definitive care at the regional tertiary care
centre. Exclusion criteria included the following: cases
with transport solely for organ transplantation purposes,
missing data, non-urgent transports, patients without a
Swedish personal identity number (not in the national
citizen registry).

Patient and public involvement
No patient involved.

Setting

The Swedish northern healthcare region consists of the
four northern-most counties of Sweden; Norrbotten,
Visterbotten, Vasternorrland and Jamtland, which make
up a total of approximately 900 000 inhabitants over 210
000 km? where each county has smaller hospitals. The
fixed-wing ICU transport system at the regional tertiary
facility, the University Hospital of Umea have teams that
are active around the clock, every day, to provide rapid
response times for emergency ICU patient transports.
The flights are staffed by a physician and a nurse special-
ised in anaesthesiology and intensive care. Transport
logistics are coordinated centrally, including road ambu-
lance between hospitals and airports.

Data

Case factors included in the analysis are age, sex, diag-
nostic group, total transport time, mode of breathing
(eg, endotracheal intubation) and physiological data
such as blood pressure, heart rate and oxygen saturation
measured by pulse oximetry (SpO2). To assess oxygen-
ation status among the patients where there were simpli-
fied ventilator FiO2 (fraction of inspired oxygen) settings
during transport as well as limited blood gas data during
transport, the ratio of pulse oximetry oxyhaemoglobin per
cent and inspired oxygen fraction (SpO2/FiO2, S/F) was
used. The threshold for defining the impaired oxygen-
ation category (S/F<100) degree of oxygenation impair-
ment was chosen with support from the Berlin criteria
for acute respiratory distress syndrome (ARDS).® The
definition of major haemodynamic instability as a binary
outcome was where norepinephrine infusion was imple-
mented to achieve a mean arterial pressure (MAP) >60
mm Hg or a mean MAP <60 mm Hg.

Outcomes
The primary outcome was all-cause mortality at 3 months
after their emergency interhospital ICU transport.
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Table 1 Characteristics of the cohort

Sex n (%) Male 1379 (64.3)
Mean age (SD) 57.6+17
Diagnostic groups n (%) Trauma 404 (19)
SpO2/Fi02 <100
n (%) 25(1.2)
MAP <60 mm Hg Yes
n (%) 6 (0.3)
SBP <90 mm Hg Yes
n (%) 104 (4.9)
Heart rate >100 bpm Yes
n (%) 271 (12.6)
Norepinephrine infusion Yes
n (%) 327 (15.3)
Mechanically ventilated Yes
n (%) 580 (27.1)
Patient deterioration during flight Yes
n (%) 169 (7.9)
Mean transport time
Minutes (SD) 122+41
Time of year at transport Spring
n (%) 496 (23.1)
Transport time of day Daytime (08:00-17:00)
n (%) 1089 (50.8)
Crude mortality in whole population n (%) 24 hours

31 (1.4)

Type of sending hospital

University Hospital
124 (5.8)

Female 764 (35.7)

Medical 795 (37)

Surgical 851 (40)

Other 93 (4)

101-200 201-300 >300 Missing
540 (25.2) 135 (6.3) 1142 (67.3) 1 (0.05)
No Missing
1686 (78.7) 451 (21.0)
No Missing
1787 (83.4) 252 (11.8)
No Missing
1858 (86.7) 14 (0.7)
No Missing
1796 (83.8) 20 (0.9)
No Missing
1558 (72.9) 5(0.2)

No

1974 (92.1)

Summer Autumn Winter

446 (20.8) 579 (27.0) 622 (29.0)

Evening (17:00-24:00) Night (00:00-08:00)

703 (32.8) 351 (16.4)

7 days 3 months 6 months 1 year

95 (4.4) 243 (11.3) 285(13.3) 328 (15.3)
County Local Missing
1304 (60.8) 642 (30.0) 73 (3.4)

MAP, mean arterial pressure; SBP, systolic blood pressure.

Secondary outcomes were all-cause mortality at 6 and 12
months.

Statistical analysis

Statistical analysis was carried out using SPSS (IBM
Corp. Released 2017. IBM SPSS Statistics for Windows,
V.25.0: IBM Corp). Power analysis was carried out on the
expected sample size of 2000 patients (PASS 15 Power
Analysis and Sample Size Software 2017. NCSS, LLC, Kays-
ville, Utah, USA). A power of 93% with 0.05 significance
was calculated based on 2000 cases total from exposed
(cardiopulmonary insufficiency) and unexposed groups,
with a presumed HR of 2 for mortality within 3 months.
Shapiro-Wilks test was used to assess normal distribution,
after which for non-normally distributed data, the non-
parametrical Mann-Whitney U test was used to test the
null hypothesis with ordinal/continuous data. XQ and
Fisher’s exact test were used for nominal data. Logistic
regression was used to estimate mortality risk (OR) for
different levels of oxygenation and circulatory distur-
bances. Adjustments for sex, age, diagnostic groups and
transport time were included in the regression model,

and relative risks are presented with 95% CIs. Complete
case analysis was used.

RESULTS

There were 3917 unique cases identified in the database,
of which 1775 did not meet inclusion criteria (figure 1),
providing 2142 cases for further analysis. In the anal-
ysis for major haemodynamic instability, six cases were
excluded for incomplete data, leaving 2136 cases for that
analysis.

Characteristics of the cohort

Patient characteristics show a higher proportion of
males (64.3%) (table 1). The most common diagnostic
groups were surgical (40%), medical (37%) while trauma
accounted for 19% of the cohort. The mean age was 57.6
years. Most patients spontaneously maintained a mean
MAP >60 (78.6%), and did not require norepinephrine
infusion (83.8%). Almost 13% had tachycardia (heart
rate >100 beats/min) and 4.9% a systolic blood pressure
<90 mm Hg. The most commonly observed S/F ratio was
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Table 2 Logistical regression results, degrees of oxygenation impairment and mortality risk

Crude

Adjusted

OR (95% Cl, p value)

OR (95% ClI, p value)

24 hours

S/F<100

S/F 101-200

S/F 201-300

S/F>300 reference
7 days

S/F<100

S/F 101-200

S/F 201-300

S/F>300 reference
1 month

S/F<100

S/F 101-200

S/F 201-300

S/F>300 reference
3 months

S/F<100

S/F 101-200

S/F 201-300

S/F>300 reference
6 months

S/F<100

S/F 101-200

S/F 201-300

S/F>300 reference
12 months

S/F<100

S/F 101-200

S/F 201-300

5.0 (0.6 to 39.7, p=0.131)
2.3 (0.97 t0 5.2, p=0.06)
6.5 (2.5 to 16.8, p<0.001)

5.7 (1.6 to 19.8, p=0.007)
3.3 (2.1 t0 5.3, p<0.001)
6.0 (3.2 to 11.0, p<0.001)

6.2 (2.4 to 16.0, p<0.001)
3.4 (2.4 to 4.7, p<0.001)
4.7 (2.9 to 7.6, p<0.001)

5.6 (2.4 to 13.4, p<0.001)
2.6 (1.9 to 3.5, p<0.001)
3.0 (1.9 to 4.8, p<0.001)

5.4 (2.3 to 12.4, p<0.001)
2.4 (1.8 to 3.1, p<0.001)
2.7 (1.8 to 4.2, p<0.001)

4.4 (1.9 to 10.0, p=0.001)
2.2 (1.7 t0 2.9, p<0.001)
2.5 (1.6 to 3.8, p<0.001)

7.1 (0.9 to 60.0, p=0.070)
3.3 (1.4 to 8.0, p=0.008)
8.5 (3.2 to 22.4, p<0.001)

6.9 (1.9 to 25.1, p=0.003)
4.4 (2.7 t0 7.1, p<0.001)
7.0 (3.7 to 13.1, p<0.001)

7.2 (2.7 to 19.3, p<0.001)
4.3 (3.0 to 6.1, p<0.001)
5.3 (3.2 to 8.7, p<0.001)

6.3 (2.5 to 15.5, p<0.001)
3.2 (2.3 to 4.4, p<0.001)
3.3 (2.0 to 5.3, p<0.001)

5.8 (2.4 to 14.1, p<0.001)
2.9 (2.2 to 3.9, p<0.001)
2.9 (1.9 to 4.6, p<0.001)

4.7 (1.9 to 11.2, p<0.001)
2.7 (2.0 to 3.6, p<0.001)
2.7 (1.7 to 4.2, p<0.001)

S/F>300 reference

Adjusted models at all intervals included sex, age, diagnostic group and transport time.

S/F, oxyhaemoglobin % and inspired oxygen fraction ratio.

>300 (n=67.3%). Approximately one-third of the cases
had severely disturbed gas exchange for oxygen. Mean
transport times were more than 120 min.

Impaired oxygenation and major haemodynamic instability

The main findings for the lowest oxygenation group
(S/F<100) was that there was an increased adjusted OR
(6.3,95% CI2.5 to 15.5, p<0.001) for mortality over the
first 3 months after the ICU transport compared with
the normal oxygenation group (S/F>300) (table 2).
Secondary findings for mortality within 24 hours did
not show increased mortality risk for cases with worst
oxygenation, but an indication possible increased risk
for cases needing norepinephrine infusions during

transport (table 3). At 7 days and 1 month post-
transport, the secondary analysis shows increased
mortality risk for both most impaired oxygenation and
norepinephrine need during transport. Crude (online
supplemental figure S1) as well as sex-adjusted and age-
adjusted Kaplan-Meier plots (figure 2) demonstrate
cumulative survival over time for both the oxygenation
and the norepinephrine treatment groupings. Cumu-
lative survival for the S/F>300 group at 12 months was
89% whereas it was 64% in the S/F<100 group, while
being 78% and 76% in the S/F 101-200 and 201-301
groups. Notably, there is a clear separation between
the best and worst oxygenation groups, but not in the
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Table 3 Logistical regression results, major haemodynamic
instability present and mortality

Crude
OR (95 % ClI, p value)

Adjusted
OR (95 % ClI, p value)

24 hours 2.4 (1.1 10 5.3, p=0.032) 3.2 (1.4 to 7.2, p=0.006)
7 days 2.9 (1.81t0 4.5, p<0.001) 3.3 (2.1 to 5.3, p<0.001)
1 month 2.9 (2.1t04.1, p<0.001) 3.2 (2.2 to 4.5, p<0.001)
3 months 2.4 (1.8 t0 3.3, p<0.001) 2.5 (1.8 to 3.5, p<0.001)
6 months 2.3 (1.7 to 3.0, p<0.001) 2.3 (1.7 to 3.2, p<0.001)
12 months 2.0 (1.5 t0 2.7, p<0.001) 2.1 (1.5 to 2.8, p<0.001)

Adjusted models at all intervals included sex, age, diagnostic
group and transport time.

intermediate groups. There was early in clear separa-
tion in cumulative survival in the haemodynamic insta-
bility groups.

Absolute numbers of mortality events at different inter-
vals are presented in table 4, showing there were differ-
ences in mortality incidence between diagnostic groups.

1,0 SIF ratio
-1<100
-1101-200
-I1201-300
0.9 _r1>300
E
2
@ 08
3
3
o
0,7
0,6
0 90 180 270 360

Days post transport

1,0 Major
’ hemodynamic
instability
~"1Absent
0,9 —Present
2
@ 08
£
3
o
0,7
0,6
0 90 180 270 360

Days post transport

Figure 2 Cumulative survival in impaired oxygenation and
major haemodynamic instability. Sex and age adjusted.
Upper panel: different SpO2/FiO2 ratios and cumulative
survival up to 12 months, n=2142. Lower panel: presence or
absence of major haemodynamic and cumulative survival up
to 12 months, n=2136. S/F, oxyhaemoglobin % and inspired
oxygen fraction ratio.

Simultaneous impaired oxygenation and major hemodynamic
instability

There were only 13 cases where both of these exposures
were present in the same case, and these demonstrated
an OR for mortality risk which was in between the factor
subgroups (online supplemental table S1). The increased
adjusted risk, was OR 3.2 (0.9 to 11.1, p=0.07) at the
primary assessment interval (3 months).

A secondary analysis is presented for whole cohort
mortality, including adjustments for age, sex, transport
time, diagnostic group, season, time of day and sending
hospital type (online supplemental table S2), where time
of day was associated with increased early mortality. An
additional secondary analysis including time of transport
initiation (daytime, evening or night) is shown in table 5,
where transports initiated outside of regular work hours
were associated with a much higher mortality risk.

DISCUSSION
In this retrospective cohort analysis, long-term mortality
risk is quantified for both impaired oxygenation and
major haemodynamic instability at the time of fixed-wing
emergency air ambulance ICU transport. This cohort is
clinically relevant concerning possible long-term effects
of care and conditions in the early phase because it is the
primary transport to tertiary care, rather than simply long
distance transport of intensive care patients who may
have already been definitively treated. The main finding
is that the mortality risk within 90 days is particularly high
for major oxygenation impairment, approximately six
times, that of those who had no oxygenation impairment.
The mortality risk for circulatory instability for the same
time period is also approximately doubled compared
with those not demonstrating circulatory instability. This
impact on survival is despite early and aggressive inten-
sive care. The relative mortality risks for cases with these
conditions is in general agreement with those presented
in some recent reports for shorter distance, rotary-wing
ambulance, primary transports with ICU character.®”®
The cases in this cohort were transports initiated based
on acute illness or injuries which occurred to get from
initial resuscitation at a local hospital in a sparsely popu-
lated region, to tertiary or quaternary care at the regional
university hospital. In this, there was an inevitable time
interval between critical illness debut and implementation
of some forms of specialty care, including specialty inter-
ventions in the university hospital. Still, there was always
advanced general intensive care provided at the local
hospital. The transport step also involved best possible
provision of the same level of intensive care during the
transfer from local to university hospital, although with
crude ventilator settings (FiO2 1.0 or 0.6) and no possi-
bility to assess arterial blood gas. Significant mortality risk
is associated with different conditions at the start of need
for critical care, including for example different forms of
shock.”™?
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Table 4 Number of mortality events per diagnostic group at different timepoints post-transport

Diagnostic group

Timepoint Surgical Medical Trauma Other Total P value
24 hours 20/874 (2%) 5/714 (0.7 %) 4/404 (1%) 2/151 (1%) 31/2143 (1%) 0.052
7 days 55/874 (6%) 19/714 (3%) 15/404 (4%) 6/151 (4%) 95/2143 (4%) 0.005
1 month 106/874 (12%) 28/714 (4%) 29/404 (7%) 19/151 (13%) 182/2143 (8%) <0.001
3 months 137/874 (16%) 41/714 (6%) 39/404 (10%) 26/151 (17%) 242/2143 (11%) <0.001
6 months 159/874 (18%) 52/714 (7%) 46/404 (11%) 28/151 (19%) 285/2143 (13%) <0.001
12 months 182/692 (21%) 62/714 (9%) 52/404 (13%) 32/151 (21%) 328/2143 (15%) <0.001

Pearson xz, df=3, used to compare proportions between diagnostic groups.

The quantification of the exposures here, respira-
tory and circulatory impairment, were chosen based on
the available physiological data recorded in the patient
records. It would have been optimal to have serial blood
gases and close adjustments in ventilatory parameters to
be very precise about alveolar-arterial oxygen gradients,
but these were not generally available for this cohort. The
S/F index'® ' was available for all the cases, and provided
for reliable separation of these cases with highly impaired
lung gas exchange for oxygen, as well as for those with
no oxygenation impairment. The S/F groups in-between
may be less precise or crude as far as for quantifying
oxygenation, but still an apparent dose effect of oxygen-
ation impairment was demonstrated in the mortality risk
analysis for these middle ranges. Concerning impaired
circulation, further corroborating measures of inade-
quate circulation would have helped to confirm precision
in this grouping. Norepinephrine infusion treatment may
have been present for some cases for different reasons: for
inadequate fluid resuscitation, for counter-acting sedative-
related blood pressure effects, or for other reasons. It was
chosen, along with observed low MAP, as a category with
this understanding that there might be a number of cases
included in the group which were not due to primary
circulatory insufficiency, but still had a norepinephrine
infusion, which would dilute the results related to those
with true shock. The possible effect of this on the analysis
would be to underestimate the effect of haemodynamic
instability as observed here on mortality.

The absolute mortality rate within 90 days of transport
in the most impaired oxygenation group (S/F<100) was
approximately 25%. This can be appreciated together

with what is widely recognised as the high mortality risk
associated with ARDS.'® '® These were not cases of ARDS,
at least at the time of transport. Compared with other
studies of tertiary interhospital transports of severely
hypoxaemic patients, the mortality rate is lower in our
cohort,w_]9 while being higher than long-term mortality
rates in secondary interhospital transferred trauma
patients at 3,6 and 12 months.2* Of course, expected
mortality will be based on a number of different patient
factors, including age, comorbidity, extent of injury or
illness and more. One of the goals of this study was to
generate a benchmark for just this kind of centralisa-
tion for advanced acute care in a very large geographical
region. The relative risk analysis in this study was based
only on clinical conditions at the time of transport, which
was at the beginning of the hospitalisation period.

Notable secondary results include findings that support
an interpretation that time of day for initiation of an
unplanned critical care transport may be a good marker
for very high risk for early mortality or inability to derive
benefit from either the tertiary care definitive treatment
or even the transport itself. This finding is explorative
and would need to be confirmed in a larger database
where precritical illness comorbidity and more detailed
acute critical illness physiological details were included
in the analysis.

One limitation in the study design was that pre-
emergency ICU transport comorbidity and severity of
illness data was not available for this analysis, where these
are well-recognised as risk factors for mortality.”>*® If
these had been available, they could possibly improve the
precision of the risk estimates.

Table 5 Transport initiation time of day and mortality risk

Adjustment

Degree of oxygenation and major

Timepoint Degree of oxygenation Major haemodynamic instability haemodynamic instability
24 hours 2.06 (1.30 to 3.27, p=0.002) 2.1 (1.32 to 3.32, p=0.002) 2.0 (1.27 to 3.26, p=0.003)
7 days 1.27 (0.97 to 1.66, p=0.078) 1.3 (1.02 to 1.73, p=0.037) 1.3 (0.96 to 1.64, p=0.096)
30 days 1.09 (0.89 to 1.34, p=0.380) 1.1 (0.94 to 1.40, p=0.177) 1.1 (0.89 to 1.33, p=0.437)

Results presented as OR and 95% ClI.
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CONCLUSION

In summary, this first analysis of our fixed-wing cohort
has quantified relative mortality risks related to these two
conditions in cases at the point of emergent long-distance
critical care transport in the start of an intensive care
treatment period. From these findings, we conclude that
major impairment of oxygenation and/or major haemo-
dynamic instability at the time of ICU transport in this
setting is strongly associated with increased mortality risk
at 3 months after the transport. These conditions may
be markers for this many-fold increase in risk for death
notable already at 3 months after transport. How much
this risk is modifiable is not assessable in this analysis.
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