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Study objective: More than 4 billion passengers travel on commercial airline flights yearly. Although in-flight medical events
involving adult passengers have been well characterized, data describing those affecting children are lacking. This study seeks to
characterize pediatric in-flight medical events and their immediate outcomes, using a worldwide sample.

Methods: We reviewed the records of all in-flight medical events from January 1, 2015, to October 31, 20186, involving children
younger than 19 years treated in consultation with a ground-based medical support center providing medical support to 77
commercial airlines worldwide. We characterized these in-flight medical events and determined factors associated with the need
for additional care at destination or aircraft diversion.

Results: From a total of 75,587 in-flight medical events, we identified 11,719 (15.5%) involving children. Most in-flight medical
events occurred on long-haul flights (76.1%), and 14% involved lap infants. In-flight care was generally provided by crew members
only (88.6%), and physician (8.7%) or nurse (2.1%) passenger volunteers. Most in-flight medical events were resolved in flight
(82.9%), whereas 16.5% required additional care on landing, and 0.5% led to aircraft diversion. The most common diagnostic
categories were nausea or vomiting (33.9%), fever or chills (22.2%), and acute allergic reaction (5.5%). Events involving lap
infants, syncope, seizures, burns, dyspnea, blunt trauma, lacerations, or congenital heart disease; those requiring the assistance
of a volunteer medical provider; or those requiring the use of oxygen were positively correlated with the need for additional care
after disembarkment.

Conclusion: Most pediatric in-flight medical events are resolved in flight, and very few lead to aircraft diversion, yet 1 in 6 cases

requires additional care. [Ann Emerg Med. 2019;m:1-9.]
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INTRODUCTION

For the first time in aviation history, more than 4 billion
passengers were transported on commercial airline flights
worldwide in 2017, many of whom were children.” While
on board an aircraft, passengers might experience
exacerbation of a preexisting medical condition because of
factors inherent to the cabin environment (eg, hypoxia,
limited mobility, intraluminal gas expansion) or natural
disease progression, manifest a newly acquired health issue,
or even experience an injury related to the risk of
turbulence, among other potential hazards.””

When a medical event arises during flight, resources are
limited and access to definitive care is often not
immediately possible. Initial assessment and care of a sick
or injured passenger generally are provided by first-aid-
trained crew members, whereas more complex situations
might necessitate the engagement of a passenger volunteer
with a medical background. In addition, many airlines have

partnered with specialized ground-based medical support
centers to remotely assist crew members and passenger
volunteers in dealing with these medical events.™”’
Although general in-flight medical events have been well
described for adults,”"® data focusing primarily on child
travelers are sparse. We have previously characterized
pediatric in-flight injuries (trauma or burns)'” and reported
a small case series of children who died after experiencing
cardiorespiratory arrest on board commercial airline
flights.'® Data describing general in-flight medical events
involving children are much more limited and restricted to
a relatively small study'” that compiled cases from a single
US-based commercial airline.

We conducted this exploratory study to characterize in-
flight medical events experienced by children worldwide,
and to identify patterns that could inform further research
and policy aiming to protect the health of pediatric travelers
in the air.
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Editor’s Capsule Summary

What is already known on this topic

Although much has been reported about those for
adults, data for pediatric inflight medical events are
still lacking.

What question this study addressed

This study describes the features in 11,719 pediatric
worldwide in-flight medical events, along with any
concomitant additional medical care on landing or
aircraft diversion.

What this study adds to our knowledge

Many events involved conditions amenable to
symptomatic relief by administration of pediatric
formulations not included in standard medical kits.

How this is relevant to clinical practice

These observations should inform policy to better
protect the health of pediatric travelers in the air.

MATERIALS AND METHODS

Study Design and Setting

To identify in-flight medical events involving passengers
younger than 19 years, we conducted an observational
retrospective review of prospectively acquired electronic
records for all in-flight medical events that occurred
between January 1, 2015, and October 31, 2016, and were
reported to the world’s busiest ground-based medical
support center, which provides remote medical support to
approximately 35% of the worldwide commercial airline
passenger traffic. Located at a Level I trauma center in the
United States, this medical support center is staffed
continuously by dedicated on-site emergency physicians
trained in telemedicine, airline protocols, and flight
physiology; familiar with in-flight medical resources; and
proficient in caring for medical emergencies on land and in
flight across the entire age spectrum. The ground-based
medical support center does not employ trainees as primary
responders.

Selection of Participants

At crew members’ discretion, satellite telephone or
radio relay communication was used to connect the
onboard crew and responders with the ground-based
medical support center during in-flight medical events.
The center is also activated to coordinate medical
attention on arrival, even in cases in which the situation is
deemed under control by the crew members and no

further medical advice is sought, or when a decision to
divert has already been made. For each call, a detailed
account of the medical issue, diagnostic impressions,
management recommendations, and immediate
outcomes was entered into a structured electronic record
in real time by trained operators listening to the exchange
between the ground-based medical support center
physician and crew members. These data were then saved
to a protected proprietary electronic database for
subsequent analysis. Additionally, all voice
communications were recorded for further review, if
necessary. We included data from all calls to the ground-
based medical support center triggered by an in-flight
medical event involving passengers younger than 19 years
during the study period.

Methods of Measurement

Available data fields included event date, patient age
and sex, flight origin and destination, elevation at origin,
flight distance, continent of origin and destination, final
heading and bearing, number of time zones crossed,
airline type (eg, mainline, regional, cargo, low cost),
airline region, professional background of the medical
volunteer passenger, diagnostic category, diagnostic
impression, type of onboard resources used (eg, oxygen,
medication or medical equipment kits, automated
external defibrillator), immediate patient disposition, and
whether the medical event led to an unscheduled landing
(flight diversion). Fach record also included a free-form
narrative summary of the medical concern, available
relevant medical history, immediate disposition, and any
recommendations given by the ground-based medical
support center physician. When more than one onboard
volunteer provided assistance, the one with the perceived
highest level of training was noted as the lead. Flight
distance was calculated with the great circle distance
between origin and destination airports. For the purpose
of this study, short-haul flights were defined as those less
than 1,500 km, medium-haul flights covered distances
between 1,500 and 4,000 km, and long-haul flights were
those greater than 4,000 km. We defined lap infants as
passengers younger than 24 months, the age until which a
child is allowed to travel while sharing a seat with an
adult passenger.

Outcome Measures

The primary outcomes were the need for additional care
at destination and aircraft diversion. We chose these
outcomes because they are associated with increased health
care system burden and use of airline resources.””
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Primary Data Analysis

Data for all in-flight medical events involving children
during the study period were deidentified and abstracted
into an electronic database (Excel 2016; Microsoft,
Redmond, WA), and analyzed with dedicated software
(SigmaPlot, version 13.0; Systat Software, Inc, San Jose,
CA). Unless otherwise noted, data are presented as
numbers and percentages for categoric variables, and
medians and interquartile ranges for continuous variables.

Our data user agreement precluded us from analyzing
any variables that could be used to identify airlines that
contributed cases to the data set. It also did not allow us to
report individual airline data, even if anonymized, because
certain routes and regions served by a single airline or few
airlines could lead to reidentification of passenger and
airline deidentified data.

We built our model through a priori selection of
candidate variables based on relevance, contractual
limitations for the use of the data set, and previous
observations. From this pool of variables, we petformed
univariable analyses of the associations between various
independent factors and binary patient outcomes (ie, need
for additional care at destination, or diversion) using x2
tests for categoric variables and logistic regression for
continuous variables. Any variable that was loosely
associated (P<0.20) with the patient outcomes in the
univariable analyses was then included in a multivariable
analysis using multiple logistic regression. We did not use
parametrization based on fit. Multivariable analysis data are
presented as odds ratios and 95% confidence intervals. All
Pvalues are 2 tailed and P<0.05 was considered statistically
significant.

This study was approved by and conducted under the
oversight of the University Hospitals Cleveland Medical

Center institutional review board.

RESULTS

During the study period, the ground-based medical
support center received a total of 75,587 unique calls
because of in-flight medical events. Among those, 11,719
calls (15.5%) involved pediatric-aged passengers and were
included in the analysis. Cases originated from a pool of 77
airlines operating in 6 continents and comprising
approximately 35% of the commercial aviation passenger
traffic worldwide. The youngest subject involved in an in-
flight medical event was aged 25 days and the oldest was
aged 18 years. The median age was 7 years (interquartile
range 3 to 12 years), 5,902 (50.4%) were female sex, and
1,638 (14%) were lap infants (Table 1). The median flight
distance was 5,674 km (interquartile range 4,115 to 10,762

Table 1. General characteristics of in-flight medical events.

Factors Results
Age, median (IQR), y 7 (3-12)
Lap infants, No. (%) 1,638 (14)
Female sex, No. (%) 5,902 (50.4)
Flight distance, median (IQR), km 5,675

(4,116-10,762)
Flight distance, No. (%), km

Short haul (<1,500) 244 (2.1)
Medium haul (1,500-4,000) 2,250 (19.2)
Long haul (>4,000) 8,921 (76.1)
Time zones crossed, median (IQR) 3.7 (2.3-6.4)
Care provider, No. (%)
Crew 10,383 (88.6)
Physician 1,016 (8.7)
Nurse 240 (2.1)
EMT/paramedic 56 (0.5)
Other 24 (0.2)

IQR, Interquartile range; EMT, emergency medical technician.

km) and most in-flight medical events (76.1%) occurred on
long-haul flights (Table 1). Crew members interfacing with
the ground-based medical support center provided first aid
and onboard assistance in the majority of in-flight medical
events (88.6%), whereas some passengers with in-flight
medical events also received assistance from an onboard
physician (8.7%), nurse (2.1%), or emergency medical
technician or paramedic passenger volunteer (0.5%)
(Table 1). For the 1,336 events involving the assistance of
an onboard health care professional passenger volunteer,
care was most commonly provided by a physician (76%) or
nurse (18%).

Of the 11,719 in-flight medical events, 1,936
(16.5%) required additional care at destination
(Table 2). There were 11 patients with a primary
diagnostic category of cardiopulmonary arrest, with a
median age of 2 years (interquartile range 0.92 to 7
years), including 4 lap infants. An automated external
defibrillator was applied to 6 of the 11 patients and
none had a shockable rhythm. Aircraft diversion
occurred in 63 instances (0.5%) and there were 11 in-
flight deaths. The most common diagnostic categories
included nausea or vomiting (33.9%), fever or chills
(22.2%), acute allergic reaction (5.5%), abdominal
pain (4.7%), gastroenteritis (4.5%), syncope (3.5%),
and seizures (2.6%). There were 1,638 in-flight
medical events (14%) involving lap infants. Of these,
333 (20.3%) required additional care at destination
and 13 (0.8%) resulted in aircraft diversion. The most
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Table 2. In-flight medical events diagnostic categories and outcomes.

Diagnostic Category All Events Additional Care Diversion Death
All categories 11,719/11,719 (100) 1,936/11,719 (16.5) 63/11,719 (0.5) 11

Nausea or vomiting
Fever or chills

Acute allergic reaction
Abdominal pain
Gastroenteritis
Syncope

Seizures

Burn or scald
Headache or migraine
Rash

Dyspnea

Asthma or bronchiolitis
Epistaxis

Ear or sinus pain

Blunt trauma

Anxiety

Cough or URI

Dental pain

Sprain or dislocation
Laceration or abrasion
Chest pain

Back or neck pain
Varicella

Dysuria or UTI

Cellulitis or abscess
Irritable infant
Arrhythmia
Conjunctivitis
Cardiopulmonary arrest
Congenital heart disease
Fracture or crush injury
Dysmenorrhea
Diabetes (hypoglycemia)
Diabetes (hyperglycemia)
Urinary retention

Sickle cell crisis

Ocular injury
Anaphylaxis

Other

3,976/11,719 (33.9)
2,600/11,719 (22.2)

643/11,719 (5.5)
551/11,719 (4.7)
531/11,719 (4.5)
414/11,719 (3.5)
299/11,719 (2.6)
250/11,719 (2.1)
216/11,719 (1.8)
210/11,719 (1.8)
196/11,719 (1.7)
194/11,719 (1.7)
176/11,719 (1.5)
168/11,719 (1.4)
131/11,719 (1.1)
100/11,719 (0.9)
75/11,719 (0.6)
48/11,719 (0.4)
48/11,719 (0.4)
44/11,719 (0.4)
44/11,719 (0.4)
28/11,719 (0.2)
17/11,719 (0.1)
17/11,719 (0.1)
16/11,719 (0.1)
14/11,719 (0.1)
14/11,719 (0.1)
14/11,719 (0.1)
11/11,719 (0.1)
10/11,719 (0.1)
9/11,719 (0.1)
9/11,719 (0.1)
9/11,719 (0.1)
8/11,719 (0.1)
7/11,719 (0.1)
7/11,719 (0.1)
6/11,719 (0.1)
4/11,719 (0)
605/11,719 (5.2)

URI, Upper respiratory infection; UTI, urinary tract infection.
Data are presented as number/total number (percentage).

524/3,976 (13.2)
338/2,600 (13)
81/643 (12.6)
94/551 (17.1)
80/531 (15.1)
119/414 (28.7)
123/299 (41.1)
95/250 (38)
22/216 (10.2)
23/210 (11)
72/196 (36.7)
40/194 (20.6)
25/176 (14.2)
8/168 (4.8)
54/131 (41.2)
21/100 (21)
14/75 (18.7)
1/48 (2.1)
11/48 (22.9)
18/44 (40.9)
11/44 (25)
5/28 (17.9)
6/17 (35.3)
5/17 (29.4)
3/16 (18.8)
0/14
1/14 (1.1)
3/14 (21.4)
1/11 (9.1)
6/10 (60)
9/9 (100)
0/9
1/9 (11.1)
5/8 (62.5)
3/7 (42.9)
2/7 (28.6)
1/6 (16.7)
1/4 (25)
110/605 (18.2)

3/3,976 (0.1)
1/2,600
2/643 (0.3)
0/551
5/531 (0.9)
4/414 (1)
15/299 (5)
0/250
0/216
1/210 (0.5)
3/196 (1.5)
2/194 (1)
0/176
0/168
1/131 (0.8)
2/100 (2)
0/75
0/48
0/48
1/44 (2.3)
1/44 (2.3)
0/28
0/17
0/17
0/16
0/14
3/14 (21.4)
0/14
5/11 (45.5)
0/10
0/9
0/9
2/9 (22.2)
0/8
1/7 (14.3)
1/7 (14.3)
0/6
1/4 (25)
9/605 (1.5)

O O O O O OO OO O O 0O O O O O oo o oo o o o o o o -

=
o

O O O O O O o o o o

common diagnostic categories among lap infants who
received additional care were fever (33%), vomiting
(18.3%), blunt trauma (6.9%), respiratory distress
(5.7%), and seizures (4.8%).

The multivariable regression model showed good fit and

no evidence of significant collinearity between the included
covariates (Hosmer-Lemeshow test 2>.76 and variance
inflation factors <2.03 for all independent variables).
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In-flight medical events involving lap infants were
significantly associated with need for additional care at
destination, as were those in which a patient had syncope,
seizures, burns, dyspnea, blunt trauma, lacerations, or
issues associated with congenital heart disease (Table 3).
Additional care at destination was also significantly
associated with a physician or nurse providing onboard
assistance as a passenger volunteer, the use of supplemental
oxygen, and the number of time zones crossed in the
original flight plan. Prevalent but less serious conditions,
such as nausea or vomiting, fever or chills, acute allergic
reaction, headache or migraine, and ear or sinus pain, were
more likely to not require additional care at destination.

Table 3. Multivariable analysis of relevant factors and outcomes.

Additional Care Diversion
Independent Odds Odds
Variable Ratio 95% CI Ratio 95% CI
Lap infant 1.56 (1.09-1.44) 1.6 (0.83-3.01)
Diagnosis
Nausea or 0.75 (0.65-0.87) 0.09 (0.03-0.29)
vomiting
Fever or chills 0.74 (0.63-0.87) 0.04 (0.01-0.33)
Acute allergic 0.71 (0.55-0.93) 0.36 (0.08-1.52)
reaction
Syncope 1.99 (1.57-2.55) 112 (0.39-3.25)
Seizures 3.46 (0.26-4.48) 6.01 (3.17-11.67)
Burn or scald 3.04 (2.29-4.02) —* —
Headache or 0.56 (0.36-0.89) — —
migraine
Dyspnea 2.88 (2.10-3.93) 1.79 (0.54-5.98)
Ear or sinus pain  0.25 (0.12-0.51) — —
Blunt trauma 3.47 (2.40-5.02) — —
Laceration or 3.43 (1.86-6.33) — —
abrasion
Arrhythmia 0.38 (0.05-2.92) 3141 (8.26-119.5)
Cardiopulmonary  0.49 (0.06-3.88) 25.6 (5.26-124.53)
arrest
Volunteer provider
Physician 1.49 (1.27-1.74) 7.75 (4.34-13.83)
Nurse 1.56 (1.16-2.09) 7.63 (3.16-18.46)
EMT 1.42 (0.78-2.69) 17.89 (4.86-60.05)
Oxygen use 2.08 (1.77-2.45) 3.62 (2.01-6.51)
AED use — — 23.07 (4.78-111.18)
Medical kit use 0.59 (0.53-0.65) 0.66 (0.39-1.13)
Time zones 1.033 (1.005-1.062) 114 (1.02-1.28)
crossed

Cl, Confidence interval; AED, automated external defibrillator.
*Dashes indicate factors that were not significant in the univariable analysis and were
not included in the multivariable analysis.

The use of the onboard medical kit was also inversely
correlated with the need for additional care (Table 3).
Factors significantly associated with flight diversion
included the occurrence of seizures, arrthythmias, or
cardiopulmonary arrest; the need to involve a medical
passenger volunteer; the use of oxygen or an automated
external defibrillator; and the number of time zones crossed

in the original flight plan (Table 3).

LIMITATIONS

Our study has several limitations, including its
retrospective design and the possibility that not every in-
flight medical event was captured in our data set because we
were able to include only cases that were called in to the
ground-based medical support center. It is likely that the
medical support center was not activated for every self-
resolving minor medical concern. However, we are
confident that our sample captured most in-flight medical
events of consequence, especially those that resulted in
aircraft diversion or need for additional care after landing,
because the ground-based medical support center is
typically engaged to coordinate emergency medical services
attention on the flight’s arrival, even when additional
medical advice for direct management of the case is not
being sought. Another limitation is the lack of detail
pertaining to potentially important factors, such as
comorbidities and the role of undisclosed preexisting
medical conditions. We also lacked follow-up data, so we
were unable to delineate postlanding outcomes beyond the
stated need for additional medical care, need for aircraft
diversion, or in-flight death. Nevertheless, we believe many
of these limitations are offset, at least in part, by our large
sample size and a robust searchable data set prospectively
created by experienced personnel.

DISCUSSION

In the current study, we attempted to characterize
pediatric in-flight medical events and factors associated
with important outcomes, such as the need for additional
medical care after disembarkment or aircraft diversion. We
previously reported on certain patterns associated with
deaths involving children on board commercial airline
flights,'® and in-flight injuries, such as trauma or burns,
sustained by pediatric travelers.'” Those studies were based
on more remote data sets and addressed a very narrow
segment of in-flight medical events: injuries and deaths. To
our knowledge, the current study is the first to characterize
general in-flight medical events involving children, using a
large and robust data set representative of the worldwide
pediatric passenger traffic, and thus being generalizable.
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The only other study exclusively of pediatric
emergencies in commercial aviation flights was conducted
by Moore et al'” and included 222 pediatric medical events
originating from a single US-based airline. Of those, only
169 involved actual pediatric in-flight events, as opposed to
consultations in regard to conditions that occurred in the
preflight stage. Unlike our finding that nausea and
vomiting were the most common diagnostic category,
accounting for greater than one third of all cases, the study
by Moore et al'” found infection-related emergencies to be
the most common reason for consultation with the ground-
based medical support center.'” That study also observed a
diversion rate of 11.2% (19 cases out of 169 in-flight
events), a figure considerably higher than our observed
diversion rate of 0.5% (63 cases out of 11,719 in-flight
events), or even the 4.4% frequency of aircraft diversion
noted in a recent review of pooled data on predominantly
adult passengers.” This discrepancy could indicate a lower
threshold for diversion in the study by Moore et al'” or,
more likely, a higher threshold for activating the ground-
based medical support center that could have resulted in an
enriched sample of sicker patients in that study. In one
study that predominantly included adult patients, the most
common indications for telemedicine consultation among
28 children were infection (28%) and gastroenteritis
(21%), and no pediatric cases required diversion."”

Considering that greater than 4 billion passengers
travel by airplane each year," more people are spending
more time in the air than ever before. For reference,
nearly 11 million people occupy the commercial airspace
on any given day—the equivalent to the population of
London, England—so in-flight medical events can and in
fact do happen. Our finding that greater than three
quarters of in-flight medical events occur on long-haul
flights is not surprising; longer travel distances equate to
longer flight times and, generally, larger planes that carry
more people, thus providing greater opportunity for an
illness to manifest during flight. One might expect that
pediatric in-flight medical events would mirror those
encountered in pediatric emergency departments or
urgent care centers, and in part they do: the median age
of 7 years in our sample is similar to that of pediatric
patients presenting to acute care facilities,”””" and like
those on land, most pediatric in-flight medical events are
resolved within that initial contact and do not require
additional care.””*' However, unlike pediatric acute care
visits that most commonly involve upper respiratory
infections or otitis media,”’ we found that in-flight
medical events escalated to the ground-based medical
support center more commonly involved processes with
“external”—and thus highly noticeable—manifestations

such as vomiting, fever or chills, and acute allergic
reactions. These children are likely to trigger a call for
help in the remote cabin environment if parents are not
carrying their child’s own medication or have it in
checked luggage. There is considerable difference in
diagnostic categories between pediatric and adult in-flight
medical events. Although nausea and vomiting, as well as
fever and chills, accounted for more than half of pediatric
in-flight events in our study, the majority of adult in-
flight events in another large study’ involved syncope or
presyncope and respiratory symptoms, which likely are
more consequential and could explain the higher rate of
aircraft diversion (7.3%) in that study compared with
ours (0.5%).

In our study, most in-flight medical events were
handled by crew members in consultation with the
ground-based medical support center. Our methodology
did not allow us to delineate whether these incidents did
not meet the level of concern necessary to request the
involvement of a medical volunteer, whether one was not
on board, or whether one was present but elected not to
come forward. However, the fact that the involvement of
an onboard physician or nurse was significantly associated
with events requiring additional care after landing or
aircraft diversion suggests that engagement of a medical
volunteer was, in general, reserved for more serious cases.
On flights operated by a US-based airline, volunteers
providing medical assistance are protected from liability
by the Aviation Medical Assistance Act (also known as
the Good Samaritan act), except in cases involving gross
negligence or willful misconduct.””” This is not
necessarily the case, however, for airlines operating out of
other nations.”””® Our study included a worldwide
sample, so one must consider differences in Good
Samaritan volunteer protections because these are not
necessarily afforded in every country. Just as important is
the consideration of the duty of passengers with a medical
background to respond when help is needed. Many
European countries and Australia require a physician
to respond when called, whereas the United States,
Canada, England, and Singapore impose no legal duty to
assist.””?° The pressure (or obligation) to assist in an in-
flight medical event can be a source of internal conflict
and distress to the medical volunteer, especially when the
medical issue is not aligned with the volunteer’s area of
clinical expertise.”” This is particularly relevant for
pediatric in-flight medical events, considering that most
medical volunteers do not regularly care for children in
their practices, and many lack basic knowledge about the
challenges of caring for a sick child on board an aircraft,

. o)
and of available resources.”®

6 Annals of Emergency Medicine

Volume W, NO. B : W 2019






