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Abstract

Background
To examine the association between availability of computed tomography (CT) and severity-of-disease/mortality in patients evacuated
via long-distance emergency air medical transport from island medical facilities.

Methods
We retrospectively and consecutively enrolled patients transferred via rotary- or �xed-wing aircraft from island medical facilities to a
designated emergency medical center in Tokyo, Japan between 2010 and 2020. Airlifted patients were divided into two groups,
depending on the availability of CTs on the island facilities in which they were transported from. The outcomes were severity-of-disease
after air medical transport and in-hospital mortality. We examined the association between these outcomes and the availability of CTs
on each island facility.

Results
Eligible patients (n=1,880) were categorized into the CT (n=1,744) or non-CT group (n=136). After adjusting for age, sex, diagnostic
category and �ight time, the CT group was signi�cantly associated with greater severity of disease (coe�cient, 1.30; 95% con�dence
interval, 0.13–2.47). In contrast, signi�cant reductions in mortality were not documented in the CT group.

Conclusion
While the availability of CTs was signi�cantly associated with greater severity of disease, CT availability did not signi�cantly impact
mortality in patients transferred from island medical facilities.

1. Backgrounds
Computed tomography (CT) has demonstrated its utility in delineating the presence or absence of life-threatening conditions warranting
further intervention. Since their inception, CT scans have rapidly evolved to become a mainstay in emergency departments (EDs) and
their numbers continue to grow globally.[1–5] Several studies have addressed the association between the availability of CTs and the
frequency of emergency patient transport.[6–8] Previous observational studies have reached the general consensus that a shortage of
emergency radiological services including CTs is associated with an increased frequency in patient transports from rural EDs to urban
tertiary emergency healthcare facilities. While these studies offer tremendous insight into the correlation between a lack of emergency
radiological services and the number of patients transports, the association between the former and patient mortality in rural
environments has yet to be explored at the �ne-scale level. 

The present study aims to elucidate the association between CT availability and disease severity and mortality in patients evacuated via
long-distance emergency air medical transport from rural island medical facilities. If the availability of CT scans has any meaningful
impact on clinical outcomes in patients evacuated via long-distance emergency air medical transport, island facilities should receive
these machines as part of a standard deployment package.

2. Method

2.1. Setting and patients
The Izu and Ogasawara archipelago fall under the jurisdiction of the Tokyo Metropolitan government with the former involving a string
of nine islands and the latter consisting of two largely inhabited islands. Each island has a dedicated medical facility with limited
medical resources depending on the size of the island population. With exception to four islands along the Izu archipelago, the majority
of island medical facilities have access to CTs.[9] Imaging studies conducted via CT are transmitted to designated urban emergency
medical centers for interpretation by trained radiologists and specialists. Patients identi�ed as necessitating urgent care are airlifted via
emergency air medical transport from these island facilities to a designated emergency medical center in Tokyo. With exception to
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cases that do not require CT scans for rendering a diagnosis such as post-cardiac arrest or coronary artery disease, standard protocol
dictates that CT images be interpreted at a designated urban healthcare facility in Tokyo prior to making the decision to approve air
medical transport. The distances from each island to Tokyo ranges from 100 to 1000 km, and general �ight times for air medical
transport fall within the 0.5-5 h spectrum under normal circumstances.

We retrospectively enrolled consecutive patients who were transported via rotary- or �xed-wing aircraft from island medical facilities to
our emergency medical center in Tokyo, Japan between April 2010 and May 2020. Patients diagnosed with post-cardiac arrest were
excluded because i) these patients are transferred regardless of the results of diagnostic imaging, ii) the mortality was extremely high,
and iii) the number of post-cardiac patients were relatively small. Patients with missing data were also excluded from the study. Airlifted
patients were divided into two groups depending on the availability of CTs. Patients airlifted from island medical facilities with and
without access to CTs were assigned to the CT and non-CT groups, respectively.

2.2. Outcome and Variables
The outcomes established for the present study were severity of disease and in-hospital mortality. We collected the following data for
each patient: age; sex; �ight time; parameters composing acute physiology and chronic health evaluation (APACHE) II score; availability
of CT; and diagnosis. The APACHE-II score is a composite disease severity score widely used in the intensive care unit (ICU) setting.[10]
The APACHE-II score includes 12 acute physiological scores (AaDO2 or PaO2, body temperature, mean arterial pressure, blood pH, heart
rate, respiratory rate, serum sodium, serum potassium, creatinine, hematocrit, white blood cell count and the Glasgow Coma Scale)
measured within 24 hours of admission, age points, and chronic health points. We also calculated the APACHE-II score excluding the
age points and used the score as an independent variable in a multivariable logistic regression model to predict in-hospital mortality. We
created this modi�ed APACHE-II score to estimate interpretable independent effects of both age and severity in the logistic regression
analysis. Diagnosis was divided into 7 categories: cerebrovascular disease, infectious disease and sepsis, gastrointestinal disease,
cardiovascular disease, trauma, respiratory disease, and others. [11] Each patient had only one recorded diagnosis and these categories
were mutually exclusive.

2.3. Statistical analysis
Continuous variables are presented as medians with interquartile ranges (IQR) and binary and categorical variables are reported as
count and percentage. Differences in the variables of baseline characteristics between the non-CT and CT groups were compared using
a Wilcoxon rank-sum and Chi-square tests. To examine the effectiveness of CT availability, we performed multivariable linear regression
analysis with the severity assessed by APACHE-II score as a dependent variable. Independent variables included in the linear regression
model were availability of CT, age, sex, �ight time, and diagnosis. Similarly, multivariable logistic regression analysis was conducted
with in-hospital mortality as a dependent variable. For the logistic regression model, the APACHE-II score excluding the age points was
included as an independent variable along with the same independent variables included in the linear regression model. For the effect of
diagnosis on the outcomes, we presented the relative effect of each diagnosis with cerebrovascular disease as a reference standard
because the diagnosis was mutually exclusive. The threshold for signi�cance was a p-value less than 0.05, and all statistical analyses
were performed using Stata/MP15(Stata, Collage Station, TX, USA).

2.4. Ethics
This study was approved by the Institutional Review Board of Tokyo Metropolitan Hiroo Hospital (approval number: J-66). Because this
study was based on secondary analyses of medical charts, the requirement for informed consent was waived.

3. Results
During the study period, 1930 patients were transferred and admitted to our hospital via rotary- or �xed-wing aircraft. We excluded 50
patients who met the exclusion criteria. Finally, 1880 patients were analyzed in the study (Figure 1).

Patient characteristics and crude outcomes (APACHE-II score and in-hospital mortality) are shown in Table 1. There were no signi�cant
differences observed in age, sex diagnostic categories and �ight time between the non-CT and CT groups. Median age was 72 years
(IQR, 59–82 years) and �ight time was 70 min (IQR, 53–93 min). The CT group had signi�cantly higher APACHE-II scores compared with
the non-CT group [12 (IQR, 8–17) vs. 10.5 (IQR, 7–14), p=0.007]. In-hospital mortality did not signi�cantly differ between the two groups
[CT group, 8.4% vs. non-CT group, 4.4%, p=0.10].
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Table 1
Baseline characteristics and outcomes before adjustment

Variables Non-CT group

(n=136)

CT group

(n=1,744)

P-value

Age, years, median (IQR) 68.5 (51.5–83.5) 72 (59–82) 0.25

Sex, male (%) 90 (66.2) 1,105 (63.4) 0.51

Diagnosis (%)      

Cerebrovascular disease 21 (15.4) 359 (20.6) 0.051

Infectious disease and sepsis 20 (14.7) 261 (15.0)  

Gastrointestinal disease 25 (18.4) 260 (14.9)  

Cardiovascular disease 18 (13.2) 380 (21.8)  

Trauma 24 (17.6) 243 (13.9)  

Respiratory disease 16 (11.8) 128 (7.3)  

Others 12 (5.9) 113 (6.5)  

Flight time, min, median (IQR) 73 (54–93.5) 69 (53–93) 0.99

Outcomes      

APACHE–II score, median (IQR) 10.5 (7–14) 12 (8–17) 0.007

In-hospital mortality (%) 6 (4.4) 146 (8.4) 0.10

CT, computed tomography; IQR, Interquartile range; APACHE, acute physiology and chronic health evaluation

Wilcoxon rank sum test for continuous variables and chi-square test for categorical variables were used for the comparison.

The results of multivariable linear regression analysis for disease severity assessed by APACHE-II score are shown in Table 2.
Availability of CT was signi�cantly associated with higher APACHE-II scores excluding the age points [coe�cient, 1.30; 95% con�dence
interval, 0.13–2.47; p=0.029]. Older age and longer �ight times were also signi�cantly associated with greater severity of disease.
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Table 2
Multivariable linear regression analysis for severity of disease assessed by APACHE-II score (n=1,880)

Variable Coe�cient (95% CI) P-value

Availability of CT 1.30 (0.13 to 2.47) 0.029

Age (per year) 0.05 (0.03 to 0.07) <0.001

Sex, male 0.14 (-0.54 to 0.81) 0.69

Flight time (per min) -0.01 (-0.02 to -0.01) <0.001

Diagnosis      

Cerebrovascular disease Reference    

Infectious disease and sepsis -0.52 (-1.64 to 0.6) 0.36

Gastrointestinal disease -1.40 (-2.39 to -0.42) 0.005

Cardiovascular disease -0.10 (-1.11 to 0.92) 0.86

Trauma -1.21 (-2.25 to -0.17) 0.022

Respiratory disease 0.91 (-0.43 to 2.25) 0.18

Others 2.99 (1.28 to 4.69) 0.001

APACHE, acute physiology and chronic health evaluation; CI, con�dence interval; CT, computed tomography

Table 3 shows the results of the multivariable logistic regression analysis for in-hospital mortality. Availability of CTs was not
signi�cantly associated with in-hospital mortality [odds ratio, 1.66; 95% con�dence interval, 0.66–4.21; p=0.28]. Older age and higher
APACHE-II scores—excluding the age points—were signi�cantly associated with higher mortality.

Table 3
Multivariable logistic regression analysis for in-hospital mortality (n=1,880)

Variables Odds ratio (95% CI) P-value

Availability of CT 1.66 (0.66 to 4.21) 0.28

Age (per year) 1.03 (1.01 to 1.04) <0.001

Sex, male 0.99 (0.67 to 1.48) 0.97

Flight time (per min) 1.00 (0.99 to 1.00) 0.051

Diagnosis      

Cerebrovascular disease Reference    

Infectious disease and sepsis 0.77 (0.40 to 1.46) 0.42

Gastrointestinal disease 0.79 (0.41 to 1.52) 0.48

Cardiovascular disease 0.83 (0.48 to 1.45) 0.51

Trauma 0.94 (0.50 to 1.77) 0.85

Respiratory disease 2.09 (1.08 to 4.06) 0.029

Others 0.58 (0.25 to 1.34) 0.20

APACHE-II score† 1.14 (1.12 to 1.17) <0.001

CI, con�dence interval; CT, computed tomography; APACHE, acute physiology and chronic health evaluation

†APACHE-II scores were calculated excluding age points.

4. Discussion
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This study aimed to assess the relationship between the availability of CTs on island medical facilities and severity-of-disease and in-
hospital mortality in patients transferred to a designated tertiary medical facility via rotary- or �xed-wing aircraft. The availability of CTs
was associated with higher APACHE-II scores but not in-hospital mortality.

Previous observational studies have shown that the availability of CTs and other radiological services reduced the number of patient
transfers.[6–8] Consistent with these �ndings, the present study identi�ed a signi�cant association between the availability of CTs and
greater disease severity. Therefore, the availability of CTs may have enabled medical facilities to avoid unnecessary patient transfers. In
addition to examining the association of CT availability with disease severity, the present study also endeavored to examine any
association with mortality; however, no signi�cant association was observed in relation to CT availability and this outcome. The
underlying narrative that can be inferred from these results is relatively clear. The lack of CTs on island medical facilities does not
necessarily result in worse outcomes given an appropriate transportation infrastructure is in place.

On the opposite end of the spectrum, the lack of CTs results in over-triage and ultimately unwarranted emergency air medical transports.
In general, the cost burden of aerial transport is immensely high. At the core of these discussions lies the central debate on permanent
CT placement versus incidental emergency air transport––which is more cost effective? The answer to this question could not be
addressed in the present study and therefore a comparison involving the medico-economical implications should be considered in a
future study in order to dissect the cost bene�t correlations of incidental emergency air medical transport at the �ne scale level.

There are several limitations which should be noted in the present study. Only patients transported to a single medical institution were
included in the present study, which could impact the generalizability of its �ndings. It should, however, be noted that the single facility
examined in this study accounts for approximately 90% of all emergency air medical transportation cases in Tokyo. Second, as a de
facto practice, island medical facilities with only one stationed physician are not granted permanent placement of CT scanners. As such
there are inter-island discrepancies with regard to human and infrastructural resources. Third, the APACHE-II score in the present study
was measured within 24 hours of admission at the receiving urban healthcare facility and does not re�ect any changes in severity
occurring during air medical transport. In addition to the above limitations, the present study only examined the association between CT
availability and clinical outcome. It is important to note that the availability of CTs does not imply its utilization. Therefore it remains
unknown whether CT assessments were performed on each of the cases included in this study. These factors could have in advertently
biased the results of the present analysis.

5. Conclusion
While the availability of CTs was signi�cantly associated with severity of disease, CT availability did not signi�cantly impact the
outcome of mortality in patients transferred from island medical facilities. The present study suggests that the availability of CTs could
possibly decrease the number of unwarranted emergency air medical transports from island medical facilities.
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Figure 1

Flow diagram for selecting the study population CT, computed tomography


