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Abstract 

Background 

Medical emergencies during short- or long-haul commercial airline flights have become more 

commonplace due to the aviation industry's contemporary growth, the popularization of 

commercial flights, and an increased aging of air travelers with significant comorbidities. 

However, the precise incidence of onboard medical events on commercial airlines and the most 

common medical conditions is unclear. 

Methods 

Journal Pre-proof



In this systematic review and meta-analysis, we explored the incidence of in-flight medical 

emergencies among airline passengers and estimated the incidence rate by physiological body 

system, or organ class/syndrome for emergencies that may be associated with different body 

systems. We limited our search to cohort studies published between 1945 to October 31, 2020 in 

MEDLINE, Embase, Cochrane Library and official reports from the Federal Aviation 

Administration/International Air Transport Association, regardless of the language of 

publication. Only studies that evaluated the overall frequency of onboard medical events on 

commercial air carriers (in which they also presented the total number of annual revenue 

passengers) and the frequency of events by physiological body systems or organ class/syndrome 

were included. We excluded case reports and case series, systematic or narrative reviews, and 

studies addressing specific health-related conditions. Two independent investigators performed 

first- and second-phase study screening, abstracted data, and appraised risk of bias. We rated the 

certainty of evidence using the Grading of Recommendations Assessment, Development and 

Evaluation (GRADE) approach. Using a quality effect model, we meta-analyzed data associated 

with the incidence of in-flight medical emergencies, all-cause fatality, incidence of medical 

events by medical condition category, frequency of en-route diversion, presence of medical 

personnel on board, and the use of an automatic external defibrillator. We also extracted data 

regarding the cost of flight diversion. 

Results 

Of 18 individual studies with approximately 1.5 billion passengers, 11 reported the overall 

incidence of in-flight medical emergencies. Low certainty of evidence suggested that the global 

incidence of in-flight medical emergencies was 18.2 events per million passengers (95% CI 0.5 

to 53.4 per million; I
2
 = 100%, p<0.001, very low certainty), and an all-cause mortality rate was



0.21 per million passengers (95% CI 0 to 0.76 per million; I
2
 = 99%, p<0.001, low certainty).

The four most common categories of medical conditions or syndromes during flight were 

syncope, gastrointestinal events, respiratory and neurological diagnostic groups. The diversion 

rate was 11.1 per 100,000 flights (95% CI 5.9 to17.6 per 100,000 flights; I
2
 = 97%, p<0.001),

with an average cost ranging from $15,000 to $893,000 per unplanned emergency landing across 

studies which examined this outcome. 

Conclusions 

In-flight medical events on commercial travels are extremely low with a corresponding very low 

in-flight mortality rate. Associated costs derived from en-route diversion might significantly 

influence airlines' budgetary equilibrium. Novel and modern standardized reporting systems or 

platforms should be internationally provided and enforced by health and aviation authorities to 

obtain higher quality patient-passengers datasets. Onboard volunteer medical providers must be 

aware of everyday life-threatening events during commercial flights and should consider the 

establishment of a connection between the aircraft and ground-based medical advisory services 

while assisting in-flight medical events. 



Introduction 

From 2000 to 2018, there was a significant increase in the number of commercial airline 

passengers traveling globally, from 1.6 billion passengers in 2000 to 4.2 billion passengers in 

2018. [1] The aviation industry has become a major contribution to the global economy and 

overall economic welfare, which amounted to an impact of 2.7 trillion dollars and 3.6% of the 

world's gross domestic product in 2019. [2] Considering the increase in annual revenue 

passenger number and the recent development of ultra-long hauls, in-flight medical emergencies 

are likely to occur as a consequence of environmental, physiological, and epidemiological 

factors. [3,4]  

Even though these events' possibility of occurrence has become noticeably higher, the 

establishment of an international incidence is still lacking. Previous literature reviews (primarily 

narrative studies which considered single data entries) attempted to assess the incidence of 

onboard medical events; these reviews, however, are limited by several factors, such as the 

absence of a published protocol, language and limited period of observations, the lack of a case 

identification process and/or a comprehensive and transparent methodology. [5–7] 

Comprehensive, systematic reviews of the available literature are needed in order to effectively 

describe and summarize the evidence related to medical events aviation medicine. Also, the 

knowledge created by evidence-based medicine studies might help developing more targeted 

strategies to address in-flight medical emergencies, enhance the delivery of care, and improve 

relevant outcomes for patients. Therefore, this study aims to determine the global incidence of 

in-flight medical emergencies on commercial airlines and to classify these events according to 

the physiological body system or to the organ class/syndrome for emergencies that may be 

associated with different body systems. Additionally, we aimed to determine aircraft diversion 



rate, the occurrence of medical care by onboard volunteer medical personnel, the use of 

automatic external defibrillators (AED), and all-cause mortality rate.  



Methods 

This systematic review follows the recommendations for meta-analysis of observational studies 

in epidemiology (MOOSE) and is reported in accordance with the preferred reporting items for 

systematic reviews and meta-analyses (PRISMA). [8,9] This review was registered in 

PROSPERO (CRD42019129423) on April 23, 2019. There were minor deviations from the 

original protocol: [1] we did not use the 20-year period limit for our search, and [2] data 

regarding administered medications onboard were not commonly reported, so we elected to 

remove this data abstraction from the study.  

Insert Figure 1 

Identification and Selection of Studies 

We searched Medline, Embase, and Cochrane Library, from 1945 to October 31, 2020, without 

language restriction or publication format. Furthermore, there were also available technical 

reports provided by the Federal Aviation Administration and the International Air Transportation 

Association, which were eligible for inclusion among retrieved studies. All search terms utilized 

were associated with emergency medicine and the aviation industry (search strategy available in 

the Appendix pages 5-11) and were designed in collaboration with an experienced information 

specialist. The reference list of included studies was screened to identify additional publications. 

Studies' corresponding authors were contacted (at least three times on ResearchGate and via 

email) if studies could not be fully retrieved through regular web searches. 



Study Eligibility and Inclusion/ Exclusion Criteria 

Two independent investigators (IJBN and AJRA) conducted the title/abstract and full-text 

screening. Duplicates were excluded using EndNote XL (Clarivate Analytics, Cologne, 

Germany). The study selection was performed using the Rayyan platform. [10] Articles deemed 

potentially eligible during title/abstract screening were noted and then retrieved as full text for 

further screening. In both stages of screening, discrepancies were resolved by a third review 

author (MSM or AJ). Articles published in languages other than Czech, English, French, 

Spanish, Polish or Portuguese were translated by a native/fluent speaker or through Google 

Translator.  

Outcomes 

To analyze the global incidence of in-flight medical emergencies, we included observational 

studies that indicated both the total number of revenue passengers for the specific time span and 

the total number of registered events. In order to obtain a symptom-based categorization, the 

included studies were required to present both total numbers of registered events and 

categorization of events by physiological body system or organ class/syndrome. Studies were 

ineligible if their study design was not appropriate for assessment of the total number of people 

under risk and consequently the estimation of incidence, such as encountered with both case 

reports and case series with less than ten individuals, or if they reported only those passengers 

with a defined pathology or a specific diagnosis (i.e., only patients with confirmed pulmonary 

embolism). [11] Additionally, we excluded studies that did not classify overall events into 

categories of medical condition/syndrome. We also excluded studies from non-peer-reviewed 

journals as well as conference abstracts. Studies that did not report a total number of passengers 

in an observed period, those that obtained information on symptom-based events from just a 



subset of filled medical reports, studies which focused on a specific subcategory of symptoms 

(such as studies reporting on deep vein thrombosis as opposed to overall cardiovascular 

incidence) were not included in the analysis. In addition, studies associated with subpopulations 

(such as strictly pediatric patients) and those in which an inconsistency was observed regarding 

the calculation of incidence rate (e.g., in DeJohn et al., the reported incidence rate could not be 

replicated from the total number of events and total number passengers that were also reported in 

the study) were not included either narratively or in the meta-analysis. We did not observe zero 

occurrences of analyzed events, partly because of substantial sample sizes and somewhat 

because categories entitled as "other/miscellaneous or unknown/undefinable" hindered 

identifying all the events in some studies. 

Data were carefully assessed for any overlap of study populations. If overlap was suspected or 

identified, an assessment was made based on the study period, the total number of airline 

passengers, and the number of contemplated airlines. In cases of study overlap (i.e., preliminary 

and subsequent work independently published from the same data set), the most recent study or 

the version with most complete data was included. 

Data Extraction and Risk of Bias 

Two investigators (AJRA and NSG) performed independent data extraction and evaluated the 

risk of bias in accordance with the Joanna Briggs Institute (JBI) Critical Appraisal Checklist for 

Studies Reporting Prevalence Data. [12] A third senior statistician reviewer (AJ) resolved 

eventual conflicts.  

Data extraction and risk of bias assessment were both performed in Microsoft Excel (Microsoft, 

Washington, United States of America) and pilot tested as part of inter-rater reliability 

adjustment. We extracted data on the following variables: study identification, study period, data 



sources, country or geographic region considered in the preliminary study, total number of 

revenue passengers for the analyzed period, total number of registered cases, total number of 

airlines included, individual number of medical emergencies by a medical condition, all-cause 

mortality, number of events with medical personnel, number of occasions with AED use, and 

total number of flight diversions.  

The features of the checklist used for quality assessment of studies reporting incidence data 

include the following: appropriateness and representativeness of sample frame, appropriateness 

in characterization of patients and particular setting, suitability of data evaluation, adoption of 

legitimate approaches for the judgment of the medical condition, accuracy of measurement, 

suitableness of statistical analysis, as well as adequacy of the response rate. [13] Studies were 

then classified according to the scored points; final score > 7, final score between 5 and 7, or < 5 

was rated as having a low, moderate or high risk of bias, respectively. [13] As far as sample size 

adequacy among included primary study is concerned, the Naing equation was used for this 

verification [sample size = Z 
2 

x P (1-P) / d
2
], where Z corresponded to 95% confidence level

(1.96), P the estimated prevalence (0.01%), and d the precision of 0.65%. [6,14] The sample size 

estimation resulted in a minimum of 118,187 patient-passengers for each study. 

Among eligible retrieved studies, incidence rates of onboard medical emergencies were assumed 

to be constant over the observation period and were meta-analyzed. All-cause mortality, in-flight 

use of defibrillators, and proportion of cases managed by onboard volunteer healthcare providers 

were also pooled to assess incidence. We also collected the data on the proportion of total events 

assigned to a particular symptom group in a study. The assignment to a specific category of 

disease was based on each individual primary study; therefore, we did not re-classify or re-

analyze any provided data. 



Statistical Analysis 

Statistical evaluations were performed using MetaXL v5.2 (EpiGear International, Sunrise 

Beach, Australia). Meta-analysis of proportions was carried out using double arcsine 

transformation and normalization of presented data. [15] In addition, utilizing the quality effects 

models approach (QE), pooled proportions and 95% confidence intervals (CI) were calculated 

[16] as the random effect model is not statistically adequate to analyze high heterogeneity data.

In general aspects, in the presence of high heterogeneity, the QE approach stabilizes the variance 

and reduces the underestimation of standard error compared to the random-effects model. [16,17] 

Additionally, the QE approach allows integration of information on the quality of evidence from 

individual studies into the pooled assessment. The bias adjustment by the QE method was found 

to have fewer limitations than the random effect approach. [18] Heterogeneity was assessed by 

Cochrane's Q test considering a statistically significant value for p < 0.1, and Higgins I
2
. [18] In

addition, from several-fold to even 100-fold difference in incidence rates of a particular 

condition/symptom-group reported in studies, heterogeneity of incidence rates was additionally 

inflated due to a fact that studies observed a very large number of passengers (4 million - 3 

billion) which resulted in very narrow 95% CIs estimates. For that reason, I
2
 heterogeneity

estimate was extremely high, even in some cases in which the magnitude of heterogeneity was 

small and of no practical importance. [19,20] Subgroup analysis was not pre-specified. However, 

due to the considerable heterogeneity and consistent clustering of studies presenting with lowest, 

as well as clustering of studies demonstrating with highest incidences across different outcomes, 

we used this clustering (low/moderate/high incidence groups) to explore potential sources of 

heterogeneity.  



Quality of Evidence Assessment 

The certainty of evidence was evaluated by using the GRADEpro GDT software (Grading of 

Recommendations Assessment, Development and Evaluation) tool. [21] This particular table 

assesses the overall quality of the body of evidence for the primary outcomes (all-cause 

mortality, incidence of global onboard emergencies and symptom-based categories, incidence of 

medical personnel, and flight diversion rate), considering GRADE criteria (risk of bias, 

consistency, imprecision, and indirectness). Two authors (IJBN and NSG), acting independently, 

made judgments about evidence quality ("high", "moderate", "low" or "very low").  



Results 

Of the 36,630 unique identified records (3,509 records excluded through duplicate searching), 

we listed 505 full-text articles for in-depth assessment of eligibility. After detailed analysis, 18 

individual studies (all cohort studies) met the inclusion criteria [22–39], but only 12 studies 

reported adequate data to be meta-analyzed (Figure 1). [23,25–32,35,37,38] Excluded articles 

list is available in Appendix pages 41-59. Retrieved studies were primarily published in English 

(63.0%), German (1.7%), and Russian (1.5%). We had a high agreement during studies 

screening, with an overall interrater reliability kappa score of 0.95.  

Insert Table 1 

The main features of included studies are presented in Table 1. In short, a total of 57,171 

passenger-patients were assessed during in-flight medical emergencies and were included in our 

analysis, representing a total of 1,537,589,855 revenue airline passengers. There were at least 23 

different airlines included in the presented study. In addition, one study was performed using 

data from an airport medical emergency system (ground-based facility) connected to multiple 

aircraft through satellite or radio. Eleven studies used passenger-patients data from the airline 

databases, [23,25,26,28–31,34,36,38,39] three used data from ground-based telemedicine centers 

reports, [22,27,32] while one study included data from a hospital advisory database [37], one 

obtained data from an airport medical center [24] and one study did not precisely describe the 

origin of reports. [35] It was evident the wide geographic distribution of air carriers considered in 



the included primary studies, with commercial flights being operated across Europe, The 

Americas, Asia, Oceania, and Africa. With regards to the medical diagnosis classification, air 

carriers typically classify onboard medical events into categories based on passenger-patient 

clinical presentation or by the use of ground-based or in-flight physicians' expertise. One study 

used artificial intelligence algorithms to categorize airlines reports into classes.[38] Only three 

studies reported mean/median or range age of patients, resulting in a range age of 14 days to 100 

years old. [24,29,32] The summary of findings for main defined outcomes are presented in Table 

2. 

Insert Table 2 

As far as the quality assessment among included observational studies concerned, 12 of included 

studies were rated with a score greater than 7, implying adequacy based on predefined domains. 

[23,24,26–32,35,38,39] We have presented a summary of the "Risk of Bias" assessment in Table 

3, appendix pages 17-18. The identification of the condition and outcome assessment was 

described plainly in most studies, as well as sample size and statistical analysis. Only one 

included study had a high risk of bias, mainly due to sample sizing insufficiency and inadequacy 

in data analysis, condition identification and assessment. [22] 

Global Incidence of In-flight Medical Emergencies 

The overall pooled incidence of global in-flight medical emergencies was 18.2 events per million 

passengers (95% CI 0.5 to 53.4 per million; I
2
 = 100%, P<0.001, Figure 2A, appendix page

23). All 11 studies assessed all onboard patients from regular commercial aviation within the 



observational period, resulting in a low risk of sampling bias. [25–32,35,37,38] While the source 

of the high heterogeneity was not immediately clear, we found out that few studies continuously 

presented as studies with the lowest incidence rates throughout different medical conditions or 

symptom-based groups; whereas similar consistency was found for few studies with the highest 

incidence rates. This suggested that a systematic factor associated with a study, and not 

variability of a symptom, predominantly affected the symptom-based incidence rate of the 

studies. Subgroup analysis (Figure 2B, appendix page 24) revealed significant statistical 

differences among studies that consistently clustered patients at lowest incidence  and studies 

clustering at highest incidence rate [25,29,31] (13.2 per million passengers [95% CI 3.0 to 25.8 

per million; I
2
 = 100%, P <0.001] versus 148.6 per million passengers [95% CI 114.0 to 185.3

per million; I
2
 = 98%; P< 0.001]). This clustering was mainly due to data collection methods,

with the low incidence group collecting data from air-ground medical consultations [32,37], and 

high incidence group focusing on in-flight medical incident reports generated by cabin crew, 

regardless of a patient's need for a medical doctor. [25,29,31]  

All-cause Mortality Rate 

From the 12 studies eligible based on our criteria, only eight studies were suitable for meta-

analysis of case-fatality. [23,24,28,30,32,35,37,38] All-cause mortality rate was extremely rare 

(pooled incidence rate 0.21 per million passengers, 95% CI 0 to 0.75 per million; I
2
 = 99%,

P<0.001, Figure 3A, appendix page 25), regardless of subgroup (0.04 per million passengers 

[95% CI 0.02 to 0.05 per million passengers; I
2
 = 19%, P=0.27] for studies grouped as low

incidence versus 0.33 per million passengers [95% CI 0 to 1.86 per million; I
2
 = 99%, P<0.001]

for studies grouped as medium reporting incidence, Figure 3B, appendix page 26).  



Incidence of In-flight Medical Emergencies by Medical Condition and Diversion Rate 

We have initially defined 18 categories of medical diagnostic categories linked to potential 

medical conditions which could happen during commercial flights. However, we did not find 

that any dermatological, ophthalmological, oncological, or pharmacological and toxicology 

events' categories were reported among included studies. Considering most studies had the 

category "other or miscellaneous", these aforementioned events could possibly be included in 

this broader category, preventing us from stating a null incidence of these medical events. The 

pooled incidence for the most frequent category of medical conditions/syndromes (syncope) was 

5.46 per million passengers, (95% CI 0 to 18.67 per million]; I
2
 = 100%; P<0.001, Figure 4A,

appendix page 27) and the estimated incidence for each category are presented in Table 4 

(appendix pages 19-20) and Figures 4B-4J (appendix pages 28-37).  

Neurological issues (including stroke-like symptoms, sudden loss of limb proprioception or 

motor components and seizures), gastrointestinal, respiratory and cardiovascular emergency 

conditions had the highest incidence in our study. Syncope and presyncope events were usually 

reported separated from neurological or cardiologic events fundamentally because of their higher 

incidence over additional neurologic and cardiologic common events and because they are not 

usually considered a primary sign of a neurological or cardiovascular disorder.  

The most common presenting cardiologic complaints were chest pain, angina pectoris, persistent 

bradycardia and tachycardia, arrhythmias and suspected myocardial infarction. With regards to 

gastrointestinal conditions, nausea, vomiting, acute diarrhea, dyspepsia-like symptoms and acute 

abdominal pain were frequently outlined throughout studies. In addition, shortness of breath 

(isolated or with a known history of oxygen saturation <95%), asthma attack or bronchospasm 

and acute worsening of chronic obstructive pulmonary disease were typically listed as frequent 



respiratory emergencies during commercial flights. Traumatic complaints, including primary- 

and secondary-degree burns, active bleedings, suspected long bone or joint injury and soft tissue 

traumas (notably due to hot beverage spillage and overhead compartment luggage fall, 

respectively) were also listed among onboard incidents. Noticeably, psychiatric complaints, 

namely associated with an increase of anxiety, substance abuse or misuse, and panic attack, were 

narratively described as major mental-related events.  

Only four studies reported both the total number of flights during the evaluated period and the 

total number of flights making unscheduled landings due to any medical reason. [26,27,32,37] 

Pooled incidence of such diversions was 11.0 diversion per 100,000 flights [95% CI 5.9 to 17.6]; 

I
2
 = 97%; P<0.001, Figure 5, appendix page 38. Only two studies reported associated costs

caused by unexpected landings. [26,37] Sirven et al. estimated an average cost per diversion due 

to neurological symptoms as $83,333 per flight event [37]; Delaune et al. used secondary data 

reported by Kahn F, [40] noting the final cost can range from $15,000 to more than $893,000 per 

diverted flight, depending on the global location of emergency occurrence.  

Presence of Volunteer Medical Personnel Onboard and Use of Automatic External 

Defibrillator 

The onboard volunteer healthcare providers available to help was common (pooled incidence of 

31% [95% CI 0% to 74%, Figure 6, appendix page 39], but with an extremely high 

heterogeneity incidence among studies I
2
 = 100%, P<0.001), ranging from 0.002% to 76%. In

several studies, a possible association between the presence of healthcare professionals with 

aircraft diversion and transport to hospital care was reported. [23,28,32] In Peterson et al., 

multivariate analysis indicated that the presence of a physician onboard significantly increased 

the likelihood of flight diversion (odds ratio of 2.32 [95% CI 1.76 to 3.04] for onboard 



physicians, and 2.82 [95% CI 1.87 to 4.24] for onboard emergency medical system personnel) 

and post-flight hospital admission.  

The use of AED was very uncommon, with a pooled incidence of 0.20 applications per million 

passengers (95% CI 0 to 0.78 per million, I
2
 = 99%, P<0.001, Figure 7, appendix page 40).

According to studies that investigated the use of AED, there was a low incidence of device-

provided recognition of shockable rhythms (lower than 42%) and a high incidence of sinus 

rhythms (non-shockable rhythms). [23,28,32] Cardiac arrest and chest pain were the primary 

medical condition associated with the use of a defibrillator, which do not necessarily relate to the 

delivery of shock.  



Discussion 

This systematic review and series of meta-analyses on the incidence and characteristics of 

onboard medical events during commercial air travel provides the first comprehensive 

description of global in-flight medical emergencies. The study is based upon a considerable 

amount of representative datasets, including more than 1.5 billion patient-passengers from 

different geographical settings, including both domestic and international flights. However, 

while regarding the ordering of categories from the highest to the lowest incidence, the results of 

this study generally reflect the assessments of the Global Burden of Diseases, Injuries, and Risk 

Factors Study [41]; high heterogeneity and low quality of included studies point towards 

methodological aspects of data collection and other factors that likely hinder true incidences. Our 

results might be used as a starting point for the improvement of existing reporting systems and 

for the development of new reporting and information technologies, which can subsequently be 

used to provide adequate medical care for in-flight medical emergencies. Overall, our results 

provide important insights for use by aviation health leaders in the design and development of 

appropriate medical care onboard commercial aircraft and important quantitative information for 

use by airlines and aviation authorities with regards to strategic planning.  

In-flight emergencies on commercial flights are uncommon, averaging 18 events per million of 

revenue passengers. Furthermore, the rate of death resulting from inflight medical emergencies is 

similarly very low, approximately 0.21 deaths per million passengers. We also found a diverse 



pattern of medical emergencies by diagnostic category, in which among the pooled studies, the 

least prevalent medical condition was cardiac arrest events (0.09 events per million), whilst the 

most pervasive was syncope events (5.46 events per million). The ten most common in-flight 

categories of medical conditions were syncope, gastrointestinal, respiratory, neurological, 

cardiovascular, trauma, psychiatric/psychological, allergic, infectious and endocrine events, in 

order of declining incidence.  

Our findings, addressing the occurrences of in-flight medical conditions, illustrate the 

complexity of medical events and related healthcare; these events are composed of a series of 

interconnected groupings of medical conditions, which are frequently associated with one 

another. Thus, a specific diagnostic categorization and related occurrence rates is challenging to 

develop. Our results, however, are in line with recent epidemiological studies (as the Global 

Burden of Diseases, Injuries, and Risk Factors Study). [41] Namely, global incidence of 

respiratory and gastrointestinal diseases showed the highest global burden among the categories 

that we analyzed, although in-flight emergencies due to gastrointestinal disorders were more 

frequent than respiratory-based issues. The ordering of other categories was also comparable to 

global burden incidence, except for cardiovascular diseases, which were far more frequent in our 

analysis, and other infectious (apart from gastrointestinal infections) diseases which were less 

commonly reported during in-flights. Skin and subcutaneous diseases, musculoskeletal disorders, 

maternal and neonatal disorders, although with a reported global incidence that is higher than 

endocrine disorders, were reported less frequently or not reported at all during in-flights. [41]  

The involvement of onboard, volunteer medical providers occurred in an inconsistent manner 

across the studies in our analysis. We found that, on average, volunteer medical personnel 

onboard aided the passenger in 31% of cases. This percentage, however, must be viewed from 



the perspective of the range of individual study results, ranging from 0.002% to 76% of 

assistance events on flights. This very wide range suggests an extremely high rate of 

heterogeneity among the studies reviewed. Actually, this finding should not be surprising in any 

way in that the distribution of onboard volunteer medical providers is a random event, in no way 

associated with the likelihood of a medical emergency occurring. Little data is found in the 

literature addressing the type of onboard, volunteer medical provider, namely physician, nurse, 

emergency medical technician (EMT), and other health-related professionals. A recent study 

detailing the occurrence rates and characteristics of inflight medical emergencies involving 

pediatric patients notes that the vast majority of events were managed by the flight crew with 

only physicians providing care in 8.7% of cases, nurses in 2.1%, and EMTs in 0.5%. In 86.6% of 

these cases, flight crew members in consultation with a ground-based medical support center 

provided first aid care. [42]  

The ground-based medical support center is a telemedicine center staffed with emergency 

physicians with particular expertise and extensive knowledge of the austere medical environment 

of a commercial aircraft.[43] These centers can provide assistance not only to flight crew 

members but also to healthcare providers who lack experience in the management of medical 

emergencies or particular patient types (i.e., an adult-focused physician who is confronted with 

an ill infant). [32] Most major air carriers are signed under telemedicine institutions to offer these 

services in the event of an emergency. Once the onboard medical provider or cabin crew member 

identifies the need for contact, the captain or the first officer attempts to set a radio/satellite 

connection, and if successful, the on-call emergency physicians providers live commands and 

instructions for the onboard assistance team.[44,45] These trained medical teams provide 

algorithm-based management recommendations which consider the patient, the aircraft 



environment, available resources, the proximity of the aircraft to emergency landing, and 

consider safety and operation features associated with potential emergency landings. Our review 

did not focus on specific types of medical providers involved in passenger care nor their 

individual skill sets and clinical abilities. In that most onboard, volunteer medical providers are 

unfamiliar with the austere medical environment of the commercial aircraft cabin, 

recommendations regarding an individual provider's approach to a specific patient are not 

appropriate; not surprisingly, we did not discover such recommendations in the studies reviewed. 

[46–49] Therefore, as an alternative strategy for the care of in-flight medical emergencies, it 

would be pertinent and appreciated if airlines and aviation authorities prepare and provide free 

training courses for health professionals to act and manage these events while onboard. 

An estimation of the average cost of en-route diversion was not established, but involved costs 

ranged from $15,000 to $893,000 (in US dollars) for the two included studies assessing this 

outcome; the general diversion rate from five studies was 11.1 diversions per 100,000 flights. 

The components of this unexpected cost for air carries include new fuel and maintenance costs, 

landing fees, dispatching an entirely new cabin crew, expenditures with passengers' 

accommodations and meal vouchers and potential claims from subsequential civil lawsuits. 

[50,51] An additional factor for the estimated cost might be the country where the aircraft is 

unexpectedly landing, as some countries (such as Scandinavian and middle East territories) tend 

to have a higher cost of living. Considering all additional costs derived from flight diversion, 

airline officials might not consider an en-route diversion advantageous in several situations, even 

when a remarkable improvement of care would be achieved if performed. Taking into account 

that only the FAA Air Traffic Organization provides daily service to more than 45,000 flights 

across 29 million square miles of airspace only in the United States of America, it can be 



estimated that at least five diversions occur every day in this territory; considering the worst-

case-scenario where these five unscheduled diversions happen to a single air carrier in a day, the 

extra costs for these flights' diversions range from $75,000 to $4,650,000. Thus, the annual 

airline's budgetary is notably impacted by these unanticipated service interruptions and has 

caught worldwide stakeholder's attention lately. [52]  

The most frequent medical conditions resulting in flight diversions were gastrointestinal, 

neurological, respiratory and cardiologic disorders; many diagnoses and disease states within 

these three categories have considerable morbidity and mortality; further, many also have time-

sensitive treatment interventions, such as stroke and acute myocardial infarction. Other medical 

conditions within these three categories are less severe and, assuming appropriate medical 

personnel are onboard, can be managed without flight diversion. Lastly, certain situations, 

whether resulting from the aircraft's location, weather conditions, adjacent airport capabilities, 

and proximity of local medical facilities, may preclude the ability for diversion, regardless of the 

nature of the medical emergency. [53] 

There was substantial heterogeneity in our meta-analysis for all primary outcomes. It is 

noteworthy that some of the factors that likely contributed to significant differences in incidence 

rates among included studies are associated with the different methods of gathering information 

on in-flight medical events (crew reports, medical records, or database on air-ground 

communication), along with the type of airline's system for recording incidents which are likely 

improving over time due to more recent quality-improvement and technology development. In 

few cases, such as in Sirven et al.,[37] there were methodological issues associated with data 

completeness, as the study reported an approximate loss of data of 16%, evidencing the need for 

more robust and optimal-control notification platforms.  



This meta-analysis has several strengths. Firstly, our review is based upon a substantial amount 

of representative data. We carried out the meta-analytical assessment including more than 1.5 

billion passengers from different settings, which also incorporates both domestic and 

international flights. We also adhered to established strict and systematic methodological criteria, 

with only two minor variations, including a clearly defined search strategy, public and 

transparent protocol and rigorous methodological criteria and analysis techniques, including the 

determination of risk of bias.  

One potential limitation of our review is that our results rely on records documented by different 

stakeholders, such as cabin crew, in-flight medically trained persons (the volunteer medical 

provider), on-ground physicians through telemedicine centers, among others. Frequently, the 

medical terminology used by cabin crew was not medically accurate nor likely appropriate 

regarding specific medical descriptions (potentially associated with the use of ley terms); 

furthermore, even if a healthcare professional provided documentation, the training, particular 

job type, individual abilities, and native language, among other issues, impacted the quality of 

the information. Therefore, the use of a systematic and concise categorization of events by 

medical conditions could be a methodological issue among primary studies. Nevertheless, we 

attempted to group similar medical events, either by medical category or by suspected diagnosis. 

For this reason, we believe that airlines and health authorities must work collaboratively on the 

creation of a consistent standard reporting system, which will assist the industry in preparing for 

the range of medical events more appropriately, avoid inefficiencies, and most importantly, 

enhance the medical knowledge base in this field – ultimately improving the medical care of 

patients with in-flight medical emergencies and minimizing the impact on the other passengers. 

Another study limitation relates to the lack of evaluation of incidence according to flight duration 



and its potential relationship with planned destination (domestic or international flights), due to 

the absence of original studies assessing these outcomes. Again, in this area of consideration, a 

comparison of short- versus long-haul flights would guide airlines with respect to appropriate 

onboard medical supplies, flight crew training, adequate resource allocation and preventive and 

educational campaigns. Another potential limitation of our study is related to the fact that by 

assuming a constant incidence rate of in-flight medical emergencies over time, we did not take 

into account the increasing number of older patients using commercial aircraft and the 

continuous impact of aging in the incidence of these adverse medical events. However, due to a 

high heterogeneity of studies, we did not observe significant effect of time on incidence (data not 

reported), indicating that other factors such as data collection system likely mask its effect. 

Furthermore, despite there has been an increasing number of medical literature associated with 

aeromedical emergencies (identified by the high number of retrieved records followed database 

search), there is still a limited number of studies focusing on the description of vital 

epidemiological indicators (such as incidence of conditions, and all-cause mortality rate). Several 

studies reported incidence of a particular condition or in a particular subpopulation such as 

pediatric passengers. While we were not able to meta-analyze these data with data from other 

studies, we report their findings here: pulmonary embolism 14.2 per million [54]; severe 

pulmonary embolism 0.4 per million [55] and symptomless deep-vein thrombosis in over 50 

years of age with no history of thromboembolic problems and on long-haul flights in 103.4 per 

thousand passengers [56]. Lastly, by the exclusion of case reports and case series (which were 

not appropriate for the assessment of the total number of people at risk and calculation of 

incidence) we might have missed the opportunity to approach highly variable diseases, 

syndromes or medical conditions onboard. However, by the strict adhesion to our predefined 



protocol, the incorporation of such studies into our research is not feasible and thus, would not 

change the results presented hitherto, as well as would not interfere in the decision-making 

process, as we present here the level of evidence designations for the most common emergencies. 

Conclusion 

The occurrence of in-flight medical emergencies is rare; onboard death is also very uncommon. 

Despite this low rate of occurrence, in-flight medical emergencies represent a substantial 

challenge to the airline industry. Physicians and other traveling healthcare providers must be 

aware of the medically austere environment, its related limitations on prudent practice, the 

associated liabilities surrounding the delivery of in-flight medical care and the availability to 

establish communication with on-ground telemedicine advisory center. Overall, the impact of an 

en-route flight diversion is relatively notable, with financial, aeronautical and passenger-oriented 

repercussions. There is still a substantial need for reporting improvement driven by airlines or 

governmental agencies, which will allow a more refined analysis of the interface between 

medicine and the aviation industry and thus progress in patient care and airline travel.  
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