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Abstract
Background Aneurysmal subarachnoid hemorrhage (aSAH) is preferentially treated by prompt endovascular coiling, 
which is not available in Guadeloupe. Subsequently, patients are transferred to Paris, France mainland, by commercial 
airplane (6751 km flight) after being managed according to guidelines. This study describes the characteristics, 
management and outcomes related to these patients.

Methods Retrospective observational cohort study of 148 patients admitted in intensive care unit for a suspected 
aSAH and transferred by airplane over a 10-year period (2010–2019).

Results The median [interquartile range] age was 53 [45–64] years and 61% were female. On admission, Glasgow 
coma scale was 15 [13–15], World Federation of Neurological Surgeons (WFNS) grading scale was 1 [1–3] and 
Fisher scale was 4 [2–4]. External ventricular drainage and mechanical ventilation were performed prior to the flight 
respectively in 42% and 47% of patients. One-year mortality was 16% over the study period. By COX logistic regression 
analysis, acute hydrocephalus (hazard ratio [HR] 2.34, 95% confidence interval [CI] 0.98–5.58) prior to airplane transfer, 
WFNS grading scale on admission (HR 1.53, 95% CI 1.16–2.02) and age (OR 1.03, 95% 1.00–1.07) were associated with 
one-year mortality.

Conclusion When necessary, transatlantic air transfer of patients with suspected aSAH after management according 
to local guidelines seems feasible and safe.

Keywords Aneurysmal subarachnoid hemorrhage, Airplane transfer, One-year mortality, Safety, Mechanical 
ventilation
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Introduction
Worldwide incidence of spontaneous aneurysmal sub-
arachnoid hemorrhage (aSAH) is about 6.1 per 100,000 
person-years, depending on the country [1]. Despite 
advances in the management of this disease [2], early 
case-fatality remains high, with about 25% of death and 
a functional dependence in more than one-third of the 
survivors [3–6]. Aneurysm rebleeding is a life-threaten-
ing event that occurs within the first 24  h in 2–13% of 
patients [7, 8]. Rebleeding is also associated with poor 
functional recovery in survivors. To reduce the rate of 
rebleeding, the aneurysm should be secured as early as 
possible [9]. If possible, coiling should be preferred, and 
guidelines recommend an early transfer of patients with 
aSAH to high-volume center (e.g. >35 aSAH case per 
year) [9].

Guadeloupe is a French West Indies Caribbean island 
of the Lesser Antilles archipelago. It is one of the 2 French 
overseas departments and regions with 440,000 inhabit-
ants where neuro endovascular treatment for cerebral 
aneurysms is not available. It is a fully-fledged French 
territory therefore compared to other Caribbean desti-
nations, being a French department makes any exchange 
with France easier from a practical point of view, in terms 
of currency, laws, travel and accommodation facilities. 
Furthermore, Caribbean islands do not belong to a com-
mon health system. Each island has historic links with 
European or American mainland, and its own policy of 
sanitary transfer. To date, in terms of health, there is no 
agreement between the Caribbean islands; which is why 
French patients are transferred to France mainland, yet 
further than the much closer Caribbean islands.

The low incidence of aSAH in the Southern Caribbean 
population (3.29 per 100,000 person-years) [10], prevent 
the main hospital of Guadeloupe from meeting the crite-
ria of a high-volume center to appropriately treat aSAH.

To address this issue, for more than 10 years, all 
patients with aSAH have been transferred as soon as pos-
sible to Paris in France mainland, on a commercial flight 
with specific medical assistance. The transfer is an eight-
hour flight and there are two to five commercial flights 
a day. Similar arrangements have been adopted in Mar-
tinique, another French West Indies Island [11]. In addi-
tion to international guidelines, to optimize patient’s 
safety during the flight, our department has developed 
local guidelines to manage patients prior to the flight.

Here, we report the transatlantic management of aSAH 
in Guadeloupe over a 10-year period. Our first aim was 
to describe the characteristics and the management 
of these patients. In addition, we described the adverse 
events associated with the transatlantic transfer. Finally, 
we assessed one-year mortality and identified the related 
factors.

Patients and methods
Setting and study desigsn
This retrospective observational single-center study of 
patients with SAH by ruptured intracranial aneurysm 
was carried out at the University Hospital of Guadeloupe, 
the main and major hospital of the area, with 440 beds. 
As the most advanced center for the entire Guadeloupe 
archipelago, all patients with aSAH are managed there. 
Since 2010, all patients with suspected aSAH are trans-
ferred by airplane to one unique high-volume center in 
Paris, the Rothschild Foundation Hospital where digital 
subtractive angiography and subsequent coiling is per-
formed. Although neurosurgical clipping is possible at 
the University Hospital of Guadeloupe, coiling is pre-
ferred [2, 11, 12]. Clipping in Guadeloupe is only per-
formed in patients who are not transferred for coiling 
(e.g. lack of health insurance).

Airplane transfer includes hospital to airport transfer, 
installation of the patient in the airplane, flight time, exit 
from the airplane and transfer from airport to the refer-
ence center. Once aSAH has been diagnosed and airplane 
transfer to the reference center in Paris decided, patients 
are managed until the transfer based on transcranial 
doppler, clinical assessment and computed tomography, 
according to guidelines [13]. In addition, to secure and 
try to prevent complications during the 15-hour long 
transfer, including an 8-hour flight, additional specific 
guidelines for airplane transfer of aSAH patients were 
developed by both teams (University Hospital of Gua-
deloupe and Rothschild Foundation Hospital), based on 
our common experience, including a systematic control 
CT scan performed before flight. Figure  1 summarizes 
these guidelines (complete guidelines of the University 
Hospital of Guadeloupe are available in the Supplemen-
tary Material). University Hospital of Guadeloupe Guide-
lines for the management of aneurysmal subarachnoid 
hemorrhage).

First, because external ventricular drainage (EVD) 
placement is impossible during the transfer and espe-
cially in-flight, EVD was performed under general anes-
thesia before the flight in patients with a Fisher scale 
[14] ≥ 3, since these patients are at high risk of develop-
ing hydrocephalus, defined by abnormal symptomatic 
accumulation of cerebrospinal fluid inside the cerebral 
ventricles and subsequent intracranial hypertension 
[15, 16]. Of notice, after EVD was performed, these 
patients remained intubated and mechanically ventilated 
for the whole transfer. Second, patients with a Fisher 
scale < 3 but a World Federation of Neurological Sur-
geons (WFNS) [17] grading scale ≥ 4 were preemptively 
intubated before the flight because these patients are at 
high risk of worsening level of consciousness and require 
endotracheal intubation, which can be difficult due to 
limited space on a commercial airplane. Our guidelines 
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did not recommend the use of tranexamic acid [18]. Even 
if interventions before transatlantic transfers (e.g. EVD 
or intubation) were recommended by our guidelines, the 
final decision was under the supervision of the intensiv-
ist in charge of the patient. The entire transfer was man-
aged by a team consisting of a physician and a nurse with 
a high expertise in airplane transfer of aSAH patients. 
The teams providing the transfer have not only received a 
theoretical training, but also a practical one. These teams 
have, in addition, carried out at least 50 transfers of ven-
tilated intubated patients.

Continuous intracranial pressure measurement was 
performed in the ICU prior to the transfer, but measure-
ment was not available during the transfer (monitors 
used for airplane transfer were not equipped with this 
function). Therefore, hourly ventricular drainage (about 
10 mL) was performed if EVD was productive. If less than 
10 mL was evacuated, the transfer team checked if EVD 
was permeable. If it was, EVD drainage was performed 
every couple of hours or hourly volume was minored. All 
these adjustments were done with close supervision of 
the patient.

On the ventilator, tidal volume was set to 6 mL/kg with 
plateau pressure < 30cmH2O and a respiratory rate so 
that end tidal CO2 remained between 38 and 42 mmHg. 
Blood pressure was managed in accordance with the last 
transcranial doppler realized before leaving the ICU, 
using either norepinephrine or antihypertensive thera-
pies to fit the objectives. Oral nimodipine (60  mg) was 
administered each 4 h. Sedations were by either propofol 
(≈ 3  mg/kg/h) or midazolam (≈ 0.1  mg/kg/h) associated 

with sufentanil (20–30  µg/h). No tranexamic acid was 
used.

University Hospital of Guadeloupe is 8  km distant 
from the airport. Using a specific elevator positioned on 
the left back door of the plane, transferred patients are 
boarded three hours before the scheduled departure hour 
and other passengers. Six seats are required to install the 
patient supine on a flat stretcher, with the head at least 
30° elevated, in the direction of the cockpit. Two medi-
cal oxygen kits (1,27 × 107 Pascals, 3250  L each) have 
previously been installed. All devices are then fixed for 
the flight (monitor, respirator, electric syringe pumps) 
(Fig.  2). Flight time is about 8  h (6751  km, Fig.  3). On 
arrival, patients are disembarked after passengers and 
transferred to the reference center (22 km from the air-
port). Total transfer time door to door from the Univer-
sity Hospital of Guadeloupe to the reference center is 14 
to 16 h.

Despite the fact the environment is less adapted to 
care, we opted for airplane transfers on commercial 
flights rather than ambulance flights because of the 
high number of daily commercial flights (three to five) 
and because ambulance flights should first come from 
mainland France, which would delay the transfer by at 
least 12 h. Of notice the cost of an airplane transfer in a 
commercial flight is about 14.000 euros, which is much 
lower than the cost of a medevac on an ambulance flight 
that is approximately 140.000 euros Two scheduled air-
lines operate sanitary airplane transfers. Minimal tim-
ing to organize an airplane transfer is 6 h (management 
of the patient, medical team for transport, availability 

Fig. 1 Management of patients with aneurysmal subarachnoid hemorrhage prior to airplane transfer on a commercial flight according to our local 
guidelines. WFNS, World Federation of Neurological Surgeons
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Fig. 2 Steps for installation of the patient in the plane. Airplane silhouette is reprinted from [https://upload.wikimedia.org/wikipedia/commons/0/00/
Avion_silhouette.svg] under a CC BY license, with permission from [Andreas 06, Public domain, via Wikimedia Commons], original copyright [2006] [19]. 
Other pictures are author’s personal properties
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on the flight or requisition by disembarking passengers). 
Therefore, if subarachnoid hemorrhage is diagnosed 
less than 6 h before the last flight, transfer is postponed 
for a day and so management in the reference center is 
also delayed, which increases the risk of complications 
(rebleeding, vasospasm, seizure…etc).

Patient selection
Consecutive patients admitted between January 1st 2010 
and December 31st 2019 with non-traumatic subarach-
noid hemorrhage confirmed by computed tomography 
or magnetic resonance imaging, were included. Patients 
with arteriovenous malformation, age < 18 years old 
and those who were not transferred to mainland France 
(no health insurance or treatment withholding) were 
excluded from the study. For patients with several admis-
sions for non-traumatic subarachnoid hemorrhage, only 
the first stay was included in the analysis. Of note, since 
cerebral angiography was not available at the University 
Hospital of Guadeloupe, patients with non-traumatic 
subarachnoid hemorrhage in whom no arteriovenous 
malformation or aneurysm was seen on brain angio-
computed tomography were assumed to be caused by an 
aneurysm and were subsequently airplane transferred for 
digital subtraction angiography and possible coiling.

Data collection
We collected the following data: age, gender, previous 
arterial hypertension, day of bleeding, clinical character-
istics at hospital admission (Glasgow coma scale, neu-
rological deficit, WFNS grading scale and Fisher scale). 
We also collected the characteristics of the aneurysm 
(size, number, and location), the complications before 
securing (acute hydrocephalus based on computed 
tomography, intracranial hypertension based either on 
abnormal transcranial doppler defined by decrease of 
end-diastolic velocity < 20  cm/s and /or increase of pul-
satility index > 1.20 or abnormal computed tomography 
suspected on disappearance of the cortical furrows or fill-
ing of the mesencephalic cisterns or disappearance of the 
ventricles, rebleeding) and the management before trans-
atlantic airplane transfer (EVD, tracheal intubation and 
subsequent mechanical ventilation). We finally collected 
complications that occurred during the transatlantic air-
plane transfer and during the first day at the reference 
center in France mainland, 30-day and one-year mortal-
ity, modified Rankin Scale score [21] and Glasgow out-
come scale [22] at discharge from the hospital.

The modified Rankin Scale is a tool used to classify the 
degree of handicap in stroke [21]. The scale is organized 
in six levels, with one more for patients who died: 0 is no 
symptoms; 1 is no significant disability, able to carry out 
all usual activities, despite some symptoms; 2 is slight 
disability, able to look after one’s own affairs without 

Fig. 3 Transfer from University Hospital of Guadeloupe to Rothschild Foundation Hospital (reference center) in Paris. Maps are reprinted from [https://
openstreetmap.org] under a CC BY license, with permission from [OpenStreetMapFoundation], original copyright [2018] [20]
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assistance, but unable to carry out all previous activities; 
3 is moderate disability, requires some help, but able to 
walk unassisted; 4 is moderately severe disability, unable 
to attend to own bodily needs without assistance, and 
unable to walk unassisted; 5 is severe disability, requires 
constant nursing care and attention, bedridden, inconti-
nent; 6 is when the patient has died.

The Glasgow outcome scale is used after brain damage 
to assess persisting disability [22]. The scale is organized 
in five levels.1 is when the patient has died. 2 is Persistent 
vegetative state: severe damage with prolonged state of 
unresponsiveness and a lack of higher mental functions. 
3 is severe disability: severe injury with permanent need 
for help with daily living. 4 is moderate disability: no need 
for assistance in everyday life, employment is possible but 
may require special equipment. 5 is low disability: light 
damage with minor neurological and psychological defi-
cits. According to previous publications [23] we consid-
ered a good neurological outcome at hospital discharge 
as values of modified Rankin Scale from 0 to 3 and as val-
ues of Glasgow Outcome Scale from 4 to 5.

Data collected were those of patients admitted between 
January 2010 and December 2019. Authors never had 
access to information that could identify individual par-
ticipants during or after data collection.

Statistical analysis
Analyses were performed using Prism V9.4.1 (GraphPad 
software, Boston, MA) and R statistical software, ver-
sion 4.0.4 (available online at http://www.r-project.org/). 
Quantitative variables were described as median [inter-
quartile range] and were compared between groups using 
the non-parametric Wilcoxon rank-sum test. Qualitative 
variables were described as n (%) and were compared 
between groups using Fisher’s exact test. To evaluate a 
potential change in patient’s mortality and severity across 
the 10-year study period, we arbitrarily divided it into two 
5-year study periods, 2010–2014 and 2015–2019. Poten-
tial changes in mortality rates over the study period were 
analyzed using a Fisher’s exact test. Potential changes of 
severity over time were analyzed using a Wilcoxon rank-
sum test. Cox proportional-hazard regression analysis 
was used to identify the variables significantly associated 
with one-year mortality. Variables yielding p-values < 0.20 
in the univariate analyses were considered. Variables 
used to calculate scores (e.g. WFNS) were not entered in 
the model. In addition, we did not enter variables related 
to interventions before airplane transfer or variables 
determined by the airplane transfer (e.g. intubation and 
external ventricular drain). Eventually, five variables were 
entered in the multivariate analysis. We performed back-
ward selection on the model, stopping when the Akaike 
information criterion reached its minimum. Results were 

reported as Hazard ratios (HR), with their 95% confi-
dence interval (95% CI).

Kaplan-Meier overall survival curves up to one year 
were separately computed for relevant variables and were 
compared using log-rank tests. No imputation was per-
formed for missing values. A p-value less than 0.05 was 
considered significant.

Results
Figure  4 shows the study flow chart. Over the study 
period, 153 patients were admitted for a suspected aSAH 
with clinical symptoms of hemorrhage. Among them, 
two patients were < 18 years old and three patients were 
not transferred to Paris; two patients because treatment 
withholding was decided due to a poor prognosis and 
one because he did not have health insurance. For the last 
patient, neurosurgical clipping was performed. Eventu-
ally, 148 patients were enrolled in the analysis. Figure 5 is 
an overview of mortality and severity of the disease along 
the 10 years study period.

Patient characteristics
Table 1 shows the characteristics of the study population. 
The median age was 53 [45–63] years, 90 patients (61%) 
were female and 69 (47%) patients had arterial hyperten-
sion. On admission, Glasgow coma scale was 15 [13–15], 
WFNS grading scale was 1 [1–3] and Fisher scale was 4 
[2–4]. Between 2010 and 2014 and 2015–2019, the pro-
portion of patients with a WFNS grading scale ≥ 4 and 
a Fisher scale ≥ 3 did not differ (p = 0.952 and p = 0.421, 
respectively) (Fig.  5B). After digital subtraction angiog-
raphy, 16 patients did not have aneurysm and were clas-
sified sine materiae. In the remaining 132 patients who 
had a proven aSAH, most of the aneurysms were located 
on the carotid system (87%, n = 115/132), with 41% 
(n = 61/132) on the anterior communicating artery. Fif-
teen patients (10%) had more than one aneurysm.

Transfer from Guadeloupe to Paris
Prior to airplane transfer, intubation and subsequent 
mechanical ventilation was instituted in 47% (n = 70) 
of patients. Among them, mechanical ventilation was 
instituted to perform EVD placement in 41% of patients 
(n = 61), who remained intubated during the whole 
transfer; because of a WFNS grading scale of ≥ 4 in 2% 
of patients (n = 3) and based on the physician’s decision 
in the remaining 4% (n = 6). According to our airplane 
transfer guideline (Fig.  1), EVD was performed because 
of acute hydrocephalus in 27% (n = 40) and because of 
a Fisher scale ≥3 without acute hydrocephalus in the 
remaining 15% (n = 22). One patient did not fit these 
criteria and still had an EVD. Among patients suffering 
from intracranial hypertension, 8 (5%) did not have acute 
hydrocephalus. Of notice, rebleeding was observed in 

http://www.r-project.org/
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two patients before the flight (systematic control CT scan 
performed before flight).

During airplane transfer, six non-intubated patients 
worsened their level of consciousness, which occurred 
mostly during take-off. In five patients, the Glasgow 

coma scale remained > 8, these patients did not require 
tracheal intubation. However, one patient rebled (con-
firmed by regular CT scan performed after arrival) and 
required endotracheal intubation during the flight.

Fig. 4 Study flow chart and complications during airplane transfer
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Upon arrival at the Rothschild Foundation Hospital in 
Paris, rebleeding occurred in one patient within the first 
24  h. Digital subtraction angiography was performed in 
all patients. One or more aneurysms were found in 132 of 
the 148 patients, all 132 patients underwent endovascu-
lar coiling. The time from bleeding to securing the aneu-
rysm was 2 [2–3] days. Digital subtraction angiography 
did not show an aneurysm or other source of subarach-
noid hemorrhage in 16 patients (11%), who were classi-
fied as sine materiae subarachnoid hemorrhage, after a 
new digital subtraction angiography check within 10 days 
(none of these cases showed an aneurysm on the second 
angiography).

Mortality and functional outcome
Thirty-day mortality was 9% (n = 13) and one-year mor-
tality was 16% (n = 24). One-year mortality was not dif-
ferent between the 2010–2014 period (20%, n = 13) and 
the 2015–2019 period (18%, n = 11, p > 0.999) (Fig.  5A). 
Table 2 shows factors associated with one-year mortality. 
By COX logistic regression, three factors were indepen-
dently associated with one-year mortality: acute hydro-
cephalus (HR 2.34, 95% CI 0.98–5.58) prior to airplane 
transfer, WFNS grading scale on admission (HR 1.53, 
95% CI 1.16–2.02) and age (OR 1.03, 95% 1.00–1.07).

Figure  6 shows Kaplan–Meier survival estimates 
according to the World Federation of Neurological Sur-
geons grading scale and the presence or absence of acute 
hydrocephalus before transfer. By 30-day, all patients 
were not returned to Guadeloupe. Among deceased 
patients, 58% (n = 14) died in Paris and 42% (n = 10) died 
in Guadeloupe. No patients experienced complications 
or died during the return airplane journey from Paris to 
Guadeloupe.

The proportion of patients with good neurological out-
comes at hospital discharge defined by modified Rankin 
Scale 0 to 3 and Glasgow Outcome Scale 4 to 5 was 
respectively 69% (n = 69) and 66% (n = 65).

Discussion
The main results of our study are that transatlantic air-
plane transfer on commercial flight of patients with sus-
pected aSAH with prior management according to local 
guidelines (1) is feasible without excessive delay, (2) 
is safe, as suggests the small number of complications 
that occurred during the transfer, (3) is associated with 
a 16% one-year mortality, which is comparable to what 
large cohorts of non-airplane transferred aSAH patients 
reported [2, 24].

Aneurysmal subarachnoid hemorrhage is a life-threat-
ening disease with a high mortality and morbidity rate 
[24, 25]. Guidelines recommend that “low-volume hospi-
tals (e.g. <10 aSAH cases per year) should consider early 
transfer of patients with aSAH to high-volume centers 
(e.g. >35 aSAH cases per year) with experienced cere-
brovascular surgeons, endovascular specialists and mul-
tidisciplinary neuro-intensive care services” [9]. Given 
the low incidence of aSAH in Guadeloupe, patients 
should be transferred to a high-volume center. Mejdoubi 
& al. report patients transferred for coiling to a center in 
France mainland had a lower mortality rate and a better 
functional outcome than patients who underwent neuro-
surgical treatment in Martinique island [11]. Of notice, in 
this series of airplane transferred patients, rebleeding was 
low, as it was in our cohort.

Due to the lack of treaties about common health sys-
tem between Caribbean islands and.

Fig. 5 Overview of mortality and severity over the study period. (A) Annual number of admission and deaths over the study period. (B) Number of pa-
tients with a World Federation of Neurological Surgeons grading scale ≥ 4 and a Fisher scale ≥ 3 over the study period
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n = 148
Age, years 53 [45–64]
Gender, Woman, n (%) 90 (61)
Hypertension, n (%) 69 (47)
Characteristics on admission
Glasgow Coma Scale 15 [13–15]
 Glasgow Coma Scale 15, n (%) 82 (55)
 Glasgow Coma Scale 13–14, n (%) 32 (22)
 Glasgow Coma Scale 7–12, n (%) 22 (15)
 Glasgow Coma Scale 3–6, n (%) 12 (8)
Neurological deficit, n (%) 40 (27)
WFNS grading scalea 1 [1–3]
 WFNS 1, n (%) 82 (55)
 WFNS 2, n (%) 23 (16)
 WFNS 3, n (%) 9 (6)
 WFNS 4, n (%) 22 (15)
 WFNS 5, n (%) 12 (8)
Fisher scale 4 [2–4]
 Fisher 1, n (%) 17 (11)
 Fisher 2, n (%) 21 (14)
 Fisher 3, n (%) 29 (20)
 Fisher 4, n (%) 81 (55)
Characteristics of the aneurysm
Number of aneurysms > 1, n (%) 15 (10)
Aneurysm size, mmb 5.4 [4.1–8.0]
Location of aneurysm
 Anterior artery (cerebral and communicating), n (%) 61 (41)
 Internal carotid artery, n (%) 29 (20)
 Middle cerebral artery, n (%) 19 (13)
 Basilar artery, n (%) 9 (6)
 Posterior inferior cerebellar artery, n (%) 8 (5)
 Pericallosal artery, n (%) 6 (4)
 Sine materiae subarachnoid hemorrhage, n (%) 16 (11)
Complications before securing
Acute hydrocephalus, n (%) 49 (33)
Intracranial hypertension, n (%) 24 (16)
Rebleeding, n (%) 4 (3)
Interventions before transatlantic transfer
Tracheal intubation with mechanical ventilation, n (%) 70 (47)
External ventricular drain, n (%) 63 (42)
Time from bleeding to coiling, daysc 2 [2–3]
Main outcomes
30-day mortality, n (%) 13 (9)
One-year mortality, n (%) 24 (16)
Glasgow outcome scale at hospital discharged 5 [3–5]
 Glasgow outcome scale 1–3, n (%) 34 (34)
 Glasgow outcome scale 4–5, n (%) 65 (66)
Modified Rankin scale at hospital dischargee 2 [1–5]

Table 1 Characteristics, management and outcome of the patients
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related to strong historic links between Guadeloupe 
and mainland France, most families in Guadeloupe have 
at least one relative living in mainland France. This is 
inasmuch the case as Guadeloupe is a French speaking 
territory, living and communicating could be more diffi-
cult for relatives who want to stay close to the patient in 
an English or Spanish-speaking Caribbean island than in 
France mainland. Obviously, this strategy has a high cost. 
The ultimate goal remains a high-volume aSAH center in 
the Lesser Antilles area.

In our study, we report few complications during the 
flight. Because patients are supine on a flat stretcher 
in the airplane, with the head at least 30° elevated, in 
the direction of the cockpit (Fig.  2), the decrease in the 
level of consciousness occurred mostly during take-off, 
which, combined with acceleration, may worsen cerebral 

perfusion [26]. Thus, during transfer, continuous moni-
toring of intracranial pressure should be performed for 
all patients with EVD, and particularly in those intu-
bated. In addition, autonomic cardiovascular control 
is disturbed during acute exposure to an air pressure 
similar to the air pressure encountered inside pressur-
ized commercial airplanes, about 750 hPa [27]. The low 
incidence of complications we reported during the flight 
might be explained by the expertise of the medical team 
that supervised the transfer. It may also be explained by 
the patient management upstream of the flight (i.e. pro-
phylactic EVD and endotracheal intubation). These local 
guidelines were actually the fruit of the experience gained 
by the University Hospital of Guadeloupe and the Roths-
child Foundation Hospital in their collaboration.

Table 2 Factors associated with one-year mortality: univariate and multivariate analysis
Univariate analysis
(n = 148)

Multivariate analysis (n = 148)

One-year survivors
n = 124

One-year
non-survivors
n = 24

P-valuea Hazard ratio
(95% confidence interval)

P-valueb

Age, years 53 (45–60) 67 (51–71) 0.006 1.03 (1.00–1.07) 0.045
Gender, Woman, n (%) 76 (61) 14 (58) 0.822
Hypertension, n (%) 57 (46) 12 (50) 0.824
Characteristics on admission
Glasgow Coma Scale 15 (13–15) 12 (8–14) < 0.001
Neurological deficit, n (%) 30 (24) 10 (42) 0.085
WFNS grading scale 1 (1–2) 4 (2–4) < 0.001 1.53 (1.16–2.02) 0.003
Fisher scale 4 (2–4) 4 (3–4) 0.030
Complications before securing
Acute hydrocephalus, n (%) 34 (27) 15 (63) 0.002 2.34 (0.98–5.58) 0.054
Intracranial hypertension, n (%) 16 (11) 8 (33) 0.029
Rebleeding, n (%) 3 (2) 1 (4) 0.511
Interventions before transatlantic transfer
Mechanical ventilation, n (%) 52 (42) 18 (75) 0.004
External ventricular drain, n (%) 47 (38) 16 (67) 0.013
Time from bleeding to coiling, days 2 (2–3) 2 (2–3) 0.385
Complications during the
flight, n (%)

6 (5) 1 (4) > 0.999

Quantitative variables are described as median [interquartile range] and qualitative variables are described as frequency (percentages)

WFNS, World Federation of Neurological Surgeons
ap values were calculated using Wilcoxon rank-sum test and Fisher’s exact test
bp values were calculated using Cox proportional-hazard model

n = 148
 Modified Rankin scale 0–3, n (%) 69 (69)
 Modified Rankin scale 4–6, n (%) 31 (31)
Quantitative variables are described as median [interquartile range] and qualitative variables are described as frequency (percentages)
aWFNS, World Federation of Neurological Surgeons
bn = 98
cn = 133
dn = 99
en = 100

Table 1 (continued) 
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No patient was not transferred because of lack of 
availability on the plane and disembarking passengers is 
sometimes necessary in order to prioritize the sanitary 
transfers. Transfer can be delayed to the next day (time 
too short or no more plane on departure), then, patients 
are managed and closely monitored in ICU to prevent 
complications (EVD placement, transcranial doppler, CT 
scan, prevention of acute hydrocephalus and intracranial 
hypertension, early administration of Nimodipine.)

With a 16% one-year mortality rate, our strategy was 
associated with a similar outcome to large cohorts of 
aSAH patients (22 to 23% one-year mortality) [2, 24]. 
Overall, the prognosis of patients at discharge of hospi-
tal (Glasgow outcome scale and modified Rankin scale) 
appears to be similar in the range of the health-related 
quality of life that is reported in patients who were not 
air transferred [2, 5, 24, 28]. Identification of factors 
associated with a poor outcome may help improve the 
management and possibly the outcome. Unfortunately, 
among the three factors identified, two are not amenable 
(WFNS grading scale and age at the time of diagnosis). 
Fortunately, the third one, acute hydrocephalus, can be 
amended by early EVD which may help reduce intracra-
nial pressure.

A major strength of our study is that it is the larg-
est cohort of aSAH transferred by airplane on long haul 
flights. To date, few studies have reported long duration 
airplane transfers [29], and particularly in aSAH [11]. 
None of them has reported one-year mortality. Our study 
has limitations. First, because of the retrospective and 
monocentric design of the study, these results should 
be interpreted with caution. Our findings need to be 

confirmed by future prospective controlled studies. Sec-
ond, the retrospective design prevents us from assessing 
the long-term dependency and quality of life among sur-
vivors. Third, a precise description of physiologic param-
eters during airplane transfer is lacking. Fourth, with the 
endpoint of mortality, vasospasm or symptomatic vaso-
spasm, delayed ischemic deficits and other complica-
tions associated with transport while in Paris could not 
be accounted for. Fifth, although this is the largest study 
on the topic, our sample size remains limited. Finally, a 
control group of patients with similar characteristics who 
were not airplane transferred is also missing. However, 
such group is not available since all our patients with 
aSAH were air transferred.

Conclusion
In the event of geographical obstacles and constraints, 
such as insularity, subarachnoid hemorrhage manage-
ment, involving airplane transfer on long haul commer-
cial flight appears feasible and safe. These results should 
be interpreted with caution considering the retrospec-
tive and monocentric nature of the study. The low level 
of per flight complications observed may be explained 
by our local guidelines to secure as much as possible the 
airplane transfers ahead of the flight. This strategy was 
associated with a 16% one-year mortality, which is com-
parable to what is reported in aSAH patients managed 
without air transfer. Nevertheless, these findings need to 
be consolidated by prospective and controlled studies.

Abbreviations
aSAH  aneurysmal subarachnoid hemorrhage
EVD  external ventricular drainage

Fig. 6 Kaplan–Meier survival estimates during the one year following bleeding. (A) According to the World Federation of Neurological Surgeons grading 
scale. (B) According to the presence or absence of acute hydrocephalus before transfer
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HR  hazard ratios
ICU  intensive care unit
WFNS  World Federation of Neurological Surgeons
CI  confidence interval
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