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R E S E A R C H  A R T I C L E

Recent data of the incidence and case-fatality rate of 
EMS (Emergency Medical Services) assessed out-of-
hospital cardiac arrest (OHCA) suggest that each year 

almost 321,000 adults experience an OHCA in the U.S., most 
of which are cardiac in origin.20

In general, the chances of survival from OHCA are greater 
when the initial rhythm is ventricular fibrillation (VF). The 
incidence of VF varies depending on the location where the 
cardiac arrest occurs, being lower in private homes and higher 
in public spaces.31

Over 700 million people travel on commercial airlines each 
year in the U.S. alone. It is estimated that around 3.3 billion 
passengers fly every year world-wide and the International 
Air Transport Association (IATA) projects a 4.1% yearly 
growth.16 Estimates of in-flight deaths aboard commercial air-
lines vary between studies. One study estimated the average 

annual in-flight death rate to be 0.31 per million passengers 
while cardiac causes were believed to be responsible for 53–60% 
of such deaths.4 Using these data, an estimated 130 cardiac 
deaths occur on U.S. commercial flights per year. The true 
incidence of in-flight cardiac deaths due to VF events or the 
outcomes for such in-flight cardiac arrests (IFCAs) are not 
known. Most previous studies have been based on small num-
bers of subjects and are reported differently by different 
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investigators, some of which include cases that occur while 
the aircraft is on the ground, making comparisons and extrap-
olations difficult.2,23,24

Although the carriage of Automated External Defibrillators 
(AEDs) on commercial aircraft is not mandatory in all coun-
tries, since the 1990s they have been progressively implemented 
by many airlines globally.22,23 In 2004, the U.S. Federal Aviation 
Administration (FAA) mandated that all commercial airline 
flights with at least one flight attendant carry AEDs onboard 
and train cabin crew in their use.9 In one study on OHCAs, the 
availability of onsite AEDs was associated with a survival rate of 
49.6% of the victims as opposed to 14.3% for dispatched AEDs.1 
The full impact of AEDs on aircraft is still incompletely under-
stood, but is suspected to be less than the usual experience on 
the ground, due to inherent challenges in flight such as lack of 
access to structured advanced life support (ALS) systems, access 
to the patient, and limited physical space to perform basic life 
support (BLS) and ALS.

A diversion is an unplanned landing at a destination other 
than the originally intended airport. Diversions can result in 
significant delays and missed flight connections for passengers 
and additional expenses for the airline. In addition, flight safety 
may be compromised due to several factors, such as landings at 
airports with which the aircrew are not familiar.10,14

From an operational standpoint diversions are not always 
immediately possible. Depending upon the actual location of 
the aircraft, weather conditions, and the adequacy of sur-
rounding airfields a diversion may take from 20 min in over-
land flights to 3 h in longer flights over water. Studies have shown 
flight diversions for medical reasons range from approxi-
mately 2–13% of in-flight medical events (IFMEs)25,29 and 
cardiac events represent the greatest risk for a diversion.6,25,29 
Estimates for the cost of diversions can range from a few 
thousand to several hundreds of thousands of dollars. From  
a medical standpoint, diversions are warranted when dealing 
with a life-threatening situation, or when there is the possi-
bility of limb or organ loss. The ultimate decision to divert 
resides with the aircraft captain, who has to weigh all factors 
involved including the safety of the remaining passengers  
and crew.

Patient survival decreases by up to 10% for each minute of 
delay in the implementation of CPR and defibrillation7; there-
fore, onboard AEDs and trained cabin crews, supplemented by 
passenger volunteers if necessary, is the only effective approach 
for passengers in cardiac arrest.

To define the current status of IFCAs and current efforts at 
treatment with AEDs now on board, we examined a large, mod-
ern aviation medical emergencies database kept by MedAire, a 
subsidiary company of the International SOS Group.

METHODS

Subjects
Passengers traveling flights operated by airlines utilizing 
ground-based medical support from MedLink were considered 

the subjects. This project was approved by the FAA Institutional 
Review Board (IRB) under expedited rules.

Material
MedLink is a ground-based medical advisory center of MedAire 
Inc., located in the emergency department of Banner Good 
Samaritan Hospital in Phoenix, AZ. The center is staffed with 
board certified emergency physicians. Nonmedically trained 
communications specialists were in charge of handling the 
communication with the flight reporting the IFME and manag-
ing case documentation. We reviewed a 10-yr period of a data-
base consisting of electronic case records for every in-flight 
medical event handled by the provider. Records were created 
even for cases where the company was engaged after the fact, 
not having actively participated in managing the event, when 
helping only with activating medical personnel to meet the 
flight at its destination. For each case we obtained a narrative 
summary of the IFME as well as operational data such as air-
line, aircraft type, flight origin and destination, flight diversion 
status, estimated remaining time in flight to the scheduled des-
tination and revised estimated remaining flight time to the new 
destination when the flight diverted. Medical details included 
the availability of onboard volunteer medical professionals (i.e., 
physicians, nurses, emergency medical personnel, etc.), patient 
age, gender and past medical history, AED use, and patient out-
come. Follow-up information from the hospital or other sources 
was reviewed to determine survival-to-hospital and survival-
to-discharge. Flight distance, estimated by the great circle dis-
tance between the city pairs was later added to the data.

Procedure
This database was carefully examined for the use of an in-flight 
AED from 1 January 2001 through 31 December 2010. Cases 
were divided into two groups: reported shockable-rhythm 
(RSR) and reported non-shockable-rhythm (RNSR), depend-
ing on whether a shock was indicated when the AED was 
applied.

Excluded from analysis were cases where: 1) AED use was 
for monitoring purposes only; 2) the event occurred on the 
ground; 3) MedAire was informed postfact; 4) the case was 
related to transport of a patient with a medical escort; and 5) 
information was insufficient.

Statistical Analysis
Logistic regression models were used to determine odds ratios 
for relevant predictive factors for the outcomes survival-to-
hospital, survival-to-discharge, shock advised, and flight 
diversion. For the primary outcomes survival-to-hospital 
and survival-to-discharge the independent variables included 
shock advised, scheduled minutes remaining to destination, 
age, gender, diversion status, distance, and whether a physi-
cian volunteered. A variable was also created for actual time to 
arrival as an indicator of time to ALS using either the original 
scheduled time to destination or the time to the diversion 
airport for diverted flights. The model for the secondary out-
come shock advised included age, gender, scheduled minutes 
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remaining, distance, and whether a physician responded. 
Independent variables for the secondary outcome flight 
diversion included age, gender, scheduled minutes remaining 
to destination, whether a physician responded, and flight dis-
tance. Independent variables used in the logistic regression 
models were assessed for multicollinearity using tolerance 
and variance inflation factors and these measures were found 
to be satisfactory. Odds ratios (OR) with 95% confidence 
intervals in models that retained only the significant variables 
are reported. A statistical significance level of a 5 0.05 was 
used for all comparisons. Analyses were performed using 
SPSS version 21 (IBM, Armonk, NY).

RESULTS

Out of 144,804 IFMEs in the database 1263 cases met the inclu-
sion criteria of in-flight AED use. After applying the exclu-
sion criteria, 394 cases constituted the final sample of IFCAs  
for analysis. Fig. 1 displays subject selection and outcomes. 
Cases were included from 39 different airlines representing 13 
countries. Approximately half (49%) were from U.S. or Cana-
dian airlines.

Of these cases, 25% presented with an RSR, while 75% had an 
RNSR cardiac arrest. Victims of IFCA survived to hospital admis-
sion in 7.4% of cases. The presence of an RSR and scheduled min-
utes remaining to destination were the only significant predictors 
of survival-to-hospital in a logistic regression model. This model 
initially included age, gender, diversion status, distance, and 
whether a physician volunteered; however, none of these vari-
ables made a significant contribution to the model, were not 

significantly associated with survival and were eliminated from 
the final model. The results of the full model are included in 
Fig. 2. In this full model the only significant variable was shock 
advised. Scheduled minutes remaining was also significant when 
the model was reduced to retain only significant variables.

Actual time to arrival was also not significantly associated 
with survival when it was included in place of scheduled time 
remaining and diversion. The survival rate for passengers in 
an RSR was 22.7% compared with 2.4% in the RNSR group  
(P , 0.001). The model retaining only variables with a signifi-
cant contribution resulted in an adjusted OR for survival-to-
hospital for the RSR group compared with the RNSR group of 
13.6 (95% CI 5.5–33.5, P , 0.001). These results are summa-
rized in Fig. 1.

From the case descriptions of the seven instances of RNSR 
survivors to hospital, we were unable to rule out whether a 
shock was given in three cases. Another case was possibly not a 
true cardiac arrest. We are confident the remaining three cases 
were correctly classified. However, any misclassification of cases 
as RNSR or noncardiac arrest would have resulted in a finding 
that RSR was even more advantageous than reported here.

The predicted odds for survival to hospital increased as 
scheduled flight time remaining decreased with adjusted OR 5 
1.43 (95% CI 1.09–1.87, P 5 0.010) per hour decrease. The  
data reveals that survival rates are better during each of the last 
3 h of originally scheduled flight time remaining with an aver-
age of 9.6% survival compared to a survival rate of 3.0% when 
the scheduled flight time remaining is longer than 3 h (P 5 
0.018). This association held only when flights longer than 2500 
miles were examined to eliminate the possibility that the 

event occurred near the begin-
ning of those flights.

In 95 of 394 cases (24%) the 
total number of shocks given was 
reported by the flight crew. The 
survival-to-hospital ratios were 
13/49 (26.5%) for 1 shock, 3/17 
(17.6%) for 2 shocks, 2/14 (14.3%)  
for 3 shocks, 1/6 (16.7%) for 4 
shocks, and 2/6 (33.3%) for 5 
shocks. One survivor received a 
total of 12 shocks. There was no 
statistically significant difference 
in survival-to-hospital vs. number 
of shocks administered.

In a logistic regression model 
for presence of shockable rhythm 
only gender was a significant pre-
dictor. The OR for men (63.5%) 
compared to women (36.5%) was 
1.69 (95% CI 1.02–2.79, P 5 
0.041) with 28.0% of men and 
18.8% of women found with an 
RSR. This model also initially 
included age, scheduled minutes 
remaining, distance, and whether 

Fig. 1. S tudy overview. IFME: in-flight medical event; AED: Automated External Defibrillator; IFCA: in-flight cardiac 
arrest; RSR: reported shockable-rhythm; RNSR: reported non-shockable-rhythm.
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Fig. 2. R esults of complete logistic regression model for survival-to-hospital.

Table I.  Baseline Characteristics of the RSR and RNSR Groups.

Variable RSR RNSR OR (95% CI) P-VALUE

Age (years; Mean/SD) 63.14/15.62 60.82/15.16 - 0.21
Gender (M/F) 70/27 180/117 1.69 (1.02-2.78) 0.04
Scheduled Time Remaining,  

(minutes; Median (Min-Max))
124 (19-771) 119 (0/672) - 1

Distance of flight (miles; Median  
(Min-Max))

2594(333-7286) 3114(324-7258) - 0.1087

Flight Diversion (Yes/No) 52/45 101/196 2.24 (1.41-3.57) 0.001
Previous Cardiovascular History  

(Yes/No)
25/72 69/228 1.14 (0.68-1.95) 0.35

Volunteer Medical Professional  
(Yes/No)

90/7 266/30 1.45 (0.61-3.41) 0.26

Actual Time Remaining (minutes;  
Median (Min-Max))

36 (3-771) 59 (0-656) - 0.006

* RSR 5 Reported Shockable-Rhythm; † RNSR 5 Reported Non-Shockable-Rhythm.

a physician responded, but these did not make a significant 
contribution and were not retained in the final model.

In more than half of all cases (50.8%) no history of prior 
medical condition was reported. Where medical history was 
reported, a past cardiac history was the most frequent finding 
(48.5%); however, there was no difference in the incidence 
of RSR between patients with a history of a previous cardio-
vascular condition compared to those without a cardiac his-
tory. Table I summarizes the characteristics of the RSR and 
RNSR groups.

A logistic regression model developed for flight diver-
sions identified the following significant predictors: RSR (OR 5 
2.2, 95% CI 1.4–3.7, P 5 0.002), nonphysician volunteer 
(OR 5 2.0, 95% CI 1.3–3.2, P 5 0.03), longer scheduled time 
remaining per hour (OR 5 1.3, 95% CI 1.1–1.4, P , 0.001), 
and shorter flights per 1000 miles (OR 5 0.74, 95% CI 0.64–
0.85, P , 0.001). Age and gender were initially in the model 
but were not significant and were eliminated from the model.

In over 90% of all flights and 
89% of diverted flights there 
was a volunteer medical profes-
sional helping the crewmember. 
Physicians volunteered to assist 
in 67% of all flights and 59%  
of diverted flights. In addition, 
nurses volunteered in 17% of all 
cases, paramedics in 2%, EMTs 
in 1%, and other healthcare pro-
fessionals in 2% with 11% not 
reported. For RSR there was no 
significant difference in the odds 
of a flight diverting whether  
or not a physician volunteered; 
however, for RNSR, the odds  
of a flight diverting was two 
times greater if a nonphysician 
assisted compared to when a 
physician responded (95% CI 
1.2–3.4, P 5 0.005).

Although diversions are rec-
ommended following successful 

resuscitation, there was no significant correlation between 
flight diversions and survival to hospital for passengers in a 
RSR.

The point estimates and 95% CIs for survival to hospital by 
flight diversion and shockable rhythm are displayed in Fig. 3. 
Note that comparison for the RNSR cases included cells with 
only 2 and 5 data points.

Final survival status was available for 385 cases. Of the 29 
cases who survived to the hospital, survival to discharge sta-
tus was available for 20 cases. Of these 20 cases, 13 (65%) are 
known to have survived to discharge. In a logistic regression 
model, the only variable that was significantly associated 
with survival to discharge was the presence of RSR with OR 5 
20.8 (95% CI 4.5–96.0, P , 0.001). This model initially also 
included age, gender, flight distance, whether a physician 
responded, and scheduled minutes remaining but none of 
these made a significant contribution and were removed from 
the final model.

DISCUSSION

We found 25% of IFCA cases in 
an RSR, which were assumed to 
be VF since only VF and certain 
wide QRS complex forms of 
ventricular tachycardia (VT) are 
deemed shockable by the AED 
internal ECG recognition algo-
rithm. Although lower than the 
43–47% found for some ground-
based studies,12,13 it is very close 
to the 22–25% reported in other 
in-flight studies.2,23 This lower 
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incidence of an RSR, implying underlying VF or VT, com-
pared with other OHCA scenarios, is unexpected, particu-
larly when compared to the 85% reported at airports,3 which 
should represent samples of the same demographics of the 
traveling public, or the 71% reported in casinos.30 There 
are several factors that might explain those differences. In 
reality, OHCA scenarios are truly heterogeneous in many 
aspects, in regards to the probability of witnessing a collapse. 
Weisfeldt et al. showed that the incidence of VF is signifi-
cantly higher in truly public spaces than in residential set-
tings where prompt discovery is less likely.31 The in-flight 
environment may be compared to the home setting, particu-
larly in long-haul overnight flights. Airline passengers who 
become unconscious while seated may often be mistaken 
for being asleep.8 Other cases could occur when the passen-
ger is inside the lavatory. In both situations a collapse may 
frequently not be witnessed and it would be expected that 
the survival rate for onboard cardiac arrest would be lower 
than in settings where unconsciousness is more likely to be 
recognized promptly.

In addition, other factors associated with air travel could 
be playing a role. Deep vein thrombosis and pulmonary 
embolism (PE) are greater risks on long haul flights where 
cardiac arrest secondary to PE is more often associated with 
an RNSR (e.g., pulseless electrical activity). However, the 
reported incidence of PE is likely not enough to explain the 
observed difference.18,19 The most likely explanation for the 
lower incidence of RSR in flight may be the lack of early rec-
ognition of the cardiac event as survival rates are known to 
drop sharply as time to defibrillation is delayed.30

Our finding that men (28.0%) 
were significantly more likely 
than women (18.8%) to be found 
with an RSR agrees with a previ-
ously published general popula-
tion based study.17

In our study, 7.4% victims of 
IFCA survived to hospital includ-
ing 22.7% RSR cases compared 
with 2.4% of RNSR cases (P , 0. 
001). A recent meta-review of 79 
OHCA studies found the pooled 
survival rate to hospital admis-
sion was 23.8%.26 In another 
study of VF victims in Las Vegas 
casinos, where cardiac arrest vic-
tims are recognized early due to 
the presence of security cameras, 
survival ranged from 74%, for 
collapse-to-shock time less than 
3 min, to 49% for longer response 
times.30

It is well known that as time 
elapses VF amplitude decreases5 
and can fall beyond the AED VF 
recognition threshold. In our 

study we were not able to measure the collapse-to-shock time. 
This could be a factor in explaining the low incidence of 
shockable rhythms in the in-flight environment, as the detected 
incidence of VF could be artificially low if the AED is not 
attached early enough.

Properly performed CPR is the best predictor of survival for 
nonshockable OHCAs.28 It is paramount that the diversion 
process, if so decided by the pilot, must not interfere with the 
delivery of good quality chest compressions for an adequate 
period of time. This should be decided on a case by case basis. 
Since nine cases survived to hospital receiving multiple shocks, 
resuscitation efforts should continue for as long as shocks are 
advised by the AED. A case of survival to hospital discharge 
after more than 20 shocks is reported in the literature.11

Our logistic regression model showed statistically significant 
improved odds of survival-to-hospital as originally scheduled 
flight time remaining becomes shorter; however, we could not 
adequately explain this finding. We speculated that scheduled 
flight time remaining would have been an indicator of cabin 
activity level that could have accounted for early recognition of 
passengers in cardiac arrest; however, this did not appear to be 
the case, possibly because of unknown confounding variables.

We anticipated that shorter actual flight time remaining 
would have been an advantage to survival but our results did not 
support this. In most instances the eventual actual time remain-
ing in flight, even when a flight diversion was undertaken, was 
above 30 min, making it highly unlikely that, given this elapsed 
time, access to advanced care played a significant role.27

Dalzell and Adgey5 showed that the VF amplitude, age, and 
number of shocks had the greatest significant contribution in 

Fig. 3. P oint estimates and 95% confidence intervals for survival to hospital by flight diversion and shockable rhythm.
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predicting discharge from hospital. A recent meta-review of  
79 studies of OHCA found the pooled survival rate to hospital 
discharge was 7.6%.26 We were not able to obtain information 
about survival to discharge in 11 cases, mainly due to medical 
confidentiality aspects preventing the acquisition of follow-up 
data. Nonetheless, out of the 29 cases who survived to hospital, 
13 were confirmed to survive to discharge. Assuming the worst 
case scenario that these 11 unknown cases lost to follow-up all 
died, then 13/29 or at least 45% of those who survived to hospi-
tal also survived to discharge. Considering the opposite, namely 
that all the 11 unknown cases survived to discharge, this would 
total 24/29 or at best 83% survived to go home. Of those not 
lost to follow-up, 13/18 or 72% survived to discharge. Although 
the numbers were small, the presence of a shockable rhythm 
was strongly associated with this outcome: OR 5 20.8 (95% CI 
4.5–96.0, P , 0.001). The overall rate for survival to discharge 
was 3.3% with a rate of 11.3% in the RSR group and 0.7% in 
the RNSR group.

We found that flights are more likely to divert when a shock-
able rhythm is present, when the scheduled time remaining is 
longer, and when total flight distance is smaller. As scheduled 
time remaining becomes longer the need to divert will be 
greater. Shockable rhythm is thought to be associated with 
diversion since they are associated with successful resuscita-
tion. Return of spontaneous circulation after a shock is deliv-
ered in flight is a good indication for diversion, since further 
care in a hospital setting would be required.14,21 If resuscitation 
efforts have been continued for at least 30 min after the last 
shock was delivered, with no return of spontaneous circulation, 
the victim may be presumed dead and continuing resuscitation 
efforts may be futile.15 Our findings suggest a physician is more 
comfortable with the decision to cease CPR than other health 
professionals, as judged by the increased diversion rate for the 
latter in RNSR cases.

Our findings cannot be utilized to infer the true incidence 
of IFCAs, which should be higher than reported here, because 
some cases were excluded from the study and others were not 
reported to MedAire. We could not be certain of the true inci-
dence of VF because we were unable to confirm the actual 
underlying rhythms since the AED data were not available to 
us. In addition, our outcome data included only survival status 
so we were unable to ascertain the functional status of survi-
vors. Future prospective research should address the issue of 
medical confidentiality by developing specific communication 
to be sent to the treating facility explaining the scientific nature 
of the request.

Conclusions

This study indicates that discovery of an RSR was the most 
important prognostic factor for the survival of passengers with 
IFCA, which is consistent with current knowledge. Even more 
critically than other OHCA situations, the in-flight environ-
ment demands the provision of excellent timely basic life sup-
port which includes early recognition and AED utilization.

Further studies are necessary to address a few remaining 
practical questions emerging from this report. Should AED 
utilization take precedence over chest compressions in cases 
where extricating the victim from his/her seat is expected to 
delay time to shock? Does the location of the victim before 
and after resuscitation affect survival outcome? How long 
should rescuers continue rescue attempts while performing 
adequate chest compressions in cases when a shock is not rec-
ommended? Should providing good quality CPR take prece-
dence over immediate diversion in cases of RNSR?

Until these and other important questions are answered, 
high situational awareness to identify IFCA victims and 
prompt AED utilization should be strongly recommended to 
enhance survival.
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