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Editorial

The  Lung  in  Aerotoxic  Syndrome

In most aircraft cabin and flight deck ventilation use outside

air mixed with air recirculated from the cabin. In all transport air-

craft, except the Boeing B787 Dreamliner, cabin air  pressurization,

heating, and ventilation are achieved using unfiltered air  supplied

both from the gas turbine engines and from the auxiliary power

units (APU) on the ground.1 When the air that comes from the

outside moves through the engine compressor it gets very hot. It

must be cooled down by  heat exchangers and then go to the air

conditioning packs (Fig. 1). This outside air that comes from the

engine/APU compressors is  commonly known as bleed air  and is

unfiltered. Jet engine oils may  leak into the breathing air because

seals used in bleed air  systems do not  completely prevent low lev-

els of contamination from reaching the cabin air.1 Reliable aircraft

air quality monitoring is lacking. The generic term “aircraft fume

events” refers to the detection of abnormal odors, fumes, smoke, or

haze in the cabin. An important device for air cleaning is HEPA (High

Efficiency Particulate Air) filters. They treat the recirculated cabin

air only in order to remove some of the odors and volatile organic

compounds (VOC). The HEPA filters are  also effective eliminating

airborne microorganisms, dust, fibers, and allergens.

The term Aerotoxic Syndrome (AS) has been coined to describe

the spectrum of clinical features exhibited after aircraft fume events

exposure.2 There is variability in the reported incidence of onboard

fume events. In the US alone, an average of at least two  to three

contaminated bleed air events have been estimated to occur every

day based on official reports.3 However, most non acute exposures

are likely to be underreported.2,3 Additionally, it is  now recognized

that exposure to  low levels of bleed air contaminants may  occur on

all flights.1,2

Fume events in aircraft are described in a variety of ways. Most

have no visual identifying features, such as mist or smoke.2 Oil

fumes are typically described as smelling like dirty socks/smelly

feet, foul, musty or  oily odors, while hydraulic fluid is often

described as acrid. The dirty socks or smelly feet description, often

used, is increasingly understood to  be  related to the thermal degra-

dation and hydrolysis of the oil base stocks.

The causative agents are also diverse. For  instance, a hazardous

substance used in  most aircraft engine oils are triarylphosphates

(TAP), specifically tricreshyl phosphate (TCP), an organophosphate

(OP) compound with proven toxicity.4,5 Moreover, the high tem-

peratures attained in aircraft jet engines generate a complex

thermally pyrolysised mixture.5,6 A wide variety of VOCs have been

identified in cabin air  monitoring studies.7 Other contamination

sources may  include hydraulic fluids or flame retardants emanat-

ing from the highly flame-protected environment of airplanes.2 An

in  vitro study has shown that exposure to these fumes may  cause

relevant lung toxicity.8 Ultrafine particles (UFP) aerosols may also

be frequently detected in commercial flights, sometimes in  high

concentration.9 It has been stated that  these UFPs could be a  car-

rier that enhance the deposition of potential toxic substances, such

as TAP, to  lung tissue.9 Nanoparticles released by aircraft ventila-

tion systems have also been associated with a  risk of  respiratory

and neurological toxicity.1 OPs are present in  the oil and small

nanoparticles appear to  be predominantly comprised of oil.9,10 The

cumulative exposure to the background aerosol of nanoparticles

are suggested to  be  part of the causal mechanism of AS.1

AS encompasses a  constellation of symptoms and individual

susceptibility and variation in symptoms are considerable.1,2,11,12

The complete list of symptoms and clinical findings are not nec-

essarily found in all any individual cases. A study that reported

extensive findings from two different cohorts showed that there

may  be  acute and chronic patterns of adverse effects, affecting

the central nervous system (CNS) and peripheral nervous system

(PNS) (motor, sensory, and autonomic nervous systems involve-

ment), the respiratory and the gastrointestinal tract, skin, and the

cardiovascular system.2 The CNS and PNS symptoms are rather

nonspecific leading to a diffuse pattern of neurological symptoma-

tology, which is consistent with OP modes of action.13 An increased

levels of autoantibodies against neuronal and/or glial proteins

is often found, which is  consistent with non-specific chemical-

induced nervous system injury.14

The respiratory symptoms after fume events exposure rank only

second to neurological symptoms in their frequency.1,2,11,12 Gen-

erally, cough, dyspnea, chest discomfort, and wheezing are the

usual respiratory features of AS.11,12 In some cases, the duration

of symptoms may  be just a  few days or  weeks, but sometimes

respiratory complaints may  last over many months and even

longer. Irritant-induced asthma has been reported in patients with

AS.11,12,15 Some cases could also be diagnosed as reactive airway

dysfunction syndrome (RADS).12 Persistent cough, wheezing, and

documented bronchial hyperreactivity (BHR) many months after

fume events is the hallmark of RADS. Spirometry may  help to docu-

ment BHR. Diffusion capacity for carbon monoxide (DLCO)  is  usually

normal. Limits between RADS and irritative asthma are  sometimes

quite difficult to be  drawn. Lung imaging techniques are usually

normal.11,12

Some patients may  also fulfill the criteria of multiple chemical

sensitivity (MCS), another long-term possible respiratory presenta-
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Fig. 1. Schematic representation of the air delivery system in an aircraft. APU: Auxiliary Power Unit. HEPA: High Efficiency Particulate Air. VOC: Volatile Organic Compounds.

From  How Cabin Air Filters Work – Commercial Fixed Wing | Pall Corporation. Retrieved from https://www.pall.com/en/aerospace/commercial-fixed-wing/how-cabin-air-

systems-work.html.  Copyright 2022 by  Pall Corporation.

tion of AS. Chronic, dry cough, which is  easily triggered by exposure

to low concentrations of chemicals commonly present in normal

environment is a  hallmark of MCS related to AS.12

Nowadays, many clinicians are not aware of the existence of

AS; hence, when patients require medical assistance after a fume

event, the lack of a  good, standardized protocol precludes general

recommendations on the immediate identification of the impli-

cated chemical toxins, on the type of pulmonary and neurological

studies to perform, and on the therapeutic management of the

disease.2 Urine and blood samples should be obtained without

delay after a fume event and strict technical requirements should

be mandatory.2 A standardized protocol to properly approach cases

suspected of AS is currently drawn up by  a team of international

experts on the subject.

Not all aircrew or passengers are affected by  fume events.2 A

good description of why this may  be occurring is available for

review.1,2,9 The potential for illness is said to  be increased by cumu-

lative exposure of regular short-term exposures or by less frequent

longer exposures.1,13 This would have obvious connotations for

aircrew, maintenance staff and frequent fliers.

Additionally individual vulnerability may  be influenced by P450

enzymes. However, little is known about which P450s generate

toxic metabolites from TAPs, or the genetic variability of the P450s

involved.4

This editorial aims at raising awareness on this newly emerg-

ing disease, particularly on the respiratory symptoms, and calls for

the implementation of standardized protocols to manage AS. Fur-

ther research is warranted to  clarify which chemical substances

and UFP exposures are potentially causative, which populations are

more susceptible and which preventive and therapeutic measures

should ideally be implemented.2 Minimization of potential con-

taminating sources and/or improved reduction of pollutants by air

cleaning should be mandatory to diminish the risk of AS. A progres-

sive replacement of conventional airplanes that have been using

bleed air  systems by new models utilizing electrically sourced air

supply would enhance public health.2
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