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Abstract

It is unknown whether venous thrombosis after air travel is exclusively
attributable to immobilisation or that other triggers also play a role. We compared
surrogate markers for several hypothetical pathways in seventy-one healthy
volunteers who were exposed to an 8-h flight, 8 h of immobilisation at ground
level, and 8 h of regular daily activities. During the flight we had observed 11 (17%)
volunteers with an activated clotting system, as evidenced by thrombin production
(increases in thrombin antithrombin complexes, TAT).

We determined whether one or more of the following mechanisms was
involved: hypoxia due to low cabin pressure (Plasminogen Activator Inhibitor 1,
PAI-1), stress (coagulation factor Vllic and a questionnaire), inflammation through
exposure to air pollution (neutrophil elastase), or viral infection (interleukin-8, IL-8).

PAI-1 increased by 4.2 ng/ml (CI95 of the median: -49.5 to 6.5) in
volunteers with an activated clotting system whereas it decreased in volunteers
without clotting activation (median individual change -20.0 ng/ml, CI95: -33.2 to
-14.0). Also, factor VllIc levels rose more in individuals with clotting activation
(median individual change 18.0 %, CI95: -1.0 to 33.0) than in those without (2.0,
Cl95: -2.0 to 5.0). The increases in FVIlic were not associated with stress, which
appeared unrelated to clotting activation. There was no difference in changes in
levels of neutrophil elastase or interleukin-8 between the subjects with and without
clotting activation.

In conclusion, clotting activation after air travel was related to increases in
factor Vllic and PAI-1 pointing to hypoxia as a possible trigger. Our results do not
support the hypotheses that stress, infection, or air pollution are involved in the
development of a prothrombotic state in air travellers.
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Introduction

Air travel is an established risk factor for venous thrombosis. The risk of
thrombosis is 2- to 4-fold increased after air travel, and is higher when other risk
factors for venous thrombosis, such as the use of oral contraceptives or the factor V
Leiden mutation are present'. The overall absolute risk for air travel related throm-
bosis is approximately 1 in 4500 passengers*.

Which triggering mechanisms could underlie the increased risk? Several
studies have investigated the effect of air travel, or one of its specific aspects (e.g.
immobilisation and hypoxia) on the coagulation system. As recently summarised
in a review on this subject, results in all three settings (immobilisation, hypoxia
and air travel) have been conflicting, possibly due to differences in participant
characteristics, duration of exposure, type of exposure and statistical analyses*.
Also, most studies summarised their results on a group level which will dilute any
individual effects that are present when only some individuals are susceptible to
coagulation activation during these circumstances.

Previously, in a cross-over study in 71 volunteers we found evidence for
coagulation activation in 17% of individuals after a long distance flight, which
occurred less often during immobilisation for 8 hours (movie marathon) or during
daily activities. Hence, we suggested that there is an additional mechanism to
immobilisation underlying air travel related thrombosis. Further analyses showed
that the clotting activation was not related to fluid loss or dehydration® and did
not affect endothelial cell function, but it was found to be related to moderate
platelet activation®. The aim of this present study was to explore other triggers
that could underlie coagulation activation after exposure to air travel. To this aim
we compared surrogate markers for several hypothetical pathways in individuals
with and without an activated clotting system (based on increases in TAT) after
the flight. The mechanisms that we explored were: the effect of hypoxia due to low
cabin pressure (reflected by plasminogen activator inhibitor 1, PAI-1); stress due
to fear of flying (reflected by a questionnaire on mood state in combination with
plasma factor VIl coagulant activity (FVllic); viral infection shortly before or during
the flight from other passengers (reflected by interleukin-8, IL-8); inflammation
in the lungs through exposure to air pollution on the airport or during the flight
(reflected by neutrophil elastase).
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Material and methods

Procedures

Between May 24 and July 10, 2004, we performed a crossover study in 71
healthy volunteers, 41 (58 %) of whom had risk factors for thrombosis (i.e. were
carriers of the factor V Leiden mutation or users of the oral contraceptive pill). All
participants were exposed to an 8-h flight, 8 h of immobilisation (movie marathon),
and 8 h of regular daily activities, separated by 2 weeks or more. Blood was drawn
before, during, and after each exposure, at the same time of day. The medical
ethics committee of the Academic Medical Center, Amsterdam, approved the
study, and all participants gave written informed consent.

Flight

For the flight exposure situation, we chartered a Boeing 757 for a non-
stop day flight of 8 h from and to Schiphol airport, The Netherlands. Volunteers
were instructed not to smoke, use drugs, drink alcohol, or take any prophylactic
measures to prevent thrombosis (e.g., heparin or aspirin use, or wearing of elastic
stockings). Also, they were asked to keep a structured record of fluid intake and
to remain seated as much as possible. Furthermore, volunteers were asked to
fill in a questionnaire containing questions on their mood (Profile Of Mood State,
POMS?). Blood was sampled by experienced technicians (each time by fresh
venepuncture) who also recorded when blood was obtained and any problems
that arose during sampling. Blood was collected between 08.00 and 08.30 h (after
an overnight fast), around noon, and between 16.30 h and 17.30 h into Vacutainer
tubes (Becton Dickinson, Oxford, England) containing EDTA (4.5 mg) and
trisodium citrate (3.2% wt/vol).

Assays

We centrifuged citrated blood within 15 min of venepuncture at 2500 g
for 15 minutes at 15°C. This was repeated after which plasma was frozen and
immediately stored at -80°C. We extracted DNA from EDTA-anticoagulated blood
and stored it at 4°C. We did the assays (all in duplicate except for the DNA tests)
after all participants had completed the study.

Factor Vllic (plasma factor VIl coagulant activity) was measured by a
one-stage clotting assay with factor-VllI-deficient plasma (Dade Behring, Marburg,
Germany). We determined factor V Leiden and prothrombin G20210A status
by PCR. Plasma plasminogen activator inhibitor-1 (PAI-1) antigen levels were
measured with a specific home-made ELISA2. Neutrophil elastase activity in
plasma was determined using the highly neutrophil elastase—specific chromogenic
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substrate N-methoxysuccinyl-Ala-Ala-Pro-Val p-nitroanilide (Sigma, St. Louis, MO).
Briefly, samples were incubated in 0.1 M Tris-HCI buffer (pH 8.0), containing 0.5

M NaCl and 1 mM substrate, for 70 hours at 37°C. After incubation, p-nitroaniline
was measured spectrophotometrically at 405 nm, and absorbance, corrected for
baseline activity, was taken as an index of neutrophil elastase activity. The plasma
concentration of Interleukin-8 (IL-8) was measured by use of a validated cytometric
bead array kit (BD Biosciences Pharmingen, San Diego, Ca).

During the exposures we took 639 samples. For FVllic 14 measurements
samples (2%) were unavailable: ten were visibly haemolytic, three were missing
because of unsuccessful blood collection and in one results were technically
unreliable. For PAI-1 there were 49 samples (8%) missing: 7 samples were
unavailable and of 42 samples the results were technically unreliable. For
neutrophil elastase 15 samples were unavailable and 64 results were missing
because of technically unreliable results (12% missing samples). For IL-8, 2
samples were missing due to unsuccessful blood collection.

Profile of Mood States Questionnaire

Volunteers filled in a questionnaire (Profile Of Mood States, POMS) before
each blood draw containing 32 questions on their mood of which six concerned
stress. Volunteers gave scores to the applicability of several mood states for that
moment on a scale of 0 to 4. The mean score of these questions reflects the
amount of stress experienced for that moment, with a higher score reflecting a
higher level of stress’. All questions were filled out by all volunteers before and
during the flight.

Statistical analyses

General characteristics of the volunteers are shown as means and
ranges. We calculated absolute changes in the variables for each individual by
subtracting the pre-exposure value from the post-exposure value. We calculated
the medians (CI95) of these individual changes. We identified high responders for
each assay by using as cut-off points the 85th percentile for the absolute change
in that assay during the daily life situation. Previously, we identified individuals
with and without an activated clotting system?®. Based on the relative change
in thrombin antithrombin complexes (TAT) during the flight, 66 volunteers (in 5
volunteers the change in TAT was missing) could be divided into volunteers with
(n=11) and without (n=55) an activated clotting system. Of the 11 volunteers with
clotting activation 8 had risk factors for venous thrombosis (i.e. oral contraceptive
use, factor V Leiden mutation or both). For the flight situation we compared the
absolute change for each parameter in volunteers with an activated clotting
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system to that of volunteers without clotting activation by Mann-Whitney U test.
We compared the frequency of high responders in volunteers with and without an
activated clotting system with Fisher’s exact test and by calculating odd ratios and
their 95% confidence intervals. Also relative risks were calculated. Means were
compared by T-test. Relations between variables were investigated using linear
regression after viewing the data in scatter plots.

Results

General

The flight took place on May 24" 2004, between 08.30 and 16.19 hrs
and was uneventful. 71 healthy volunteers aged 20-39 years patrticipated in the
study, 56 (79%) of whom were women (Table 1). Of these 56 women, 15 used oral
contraceptives, 11 were carriers of the factor V Leiden mutation and 15 women
had both risk factors. The 15 men did not have risk factors for venous thrombosis.
Each volunteer returned for each of the three stages in the study as planned.
There were no episodes of venous thrombosis. Mean BMI was 23.0 kg/m? (range:
18 to 33) and one volunteer was obese (BMI: 33 kg/m?).

Table 1. Absolute changes in parameters after the flight in volunteers with (n=11) and without (n=>55) an activated clotting system.*
All (n=66) Volunteers with an Volunteers without an P-value
activated clotting system activated clotting system
(n=11) (n=>55)
PAI-1 -18.0 (-30.8 t0 -12.0) 4.2 (-49.5106.5) -20.0 (-33.2t0-14.0) 0.02
FVilic 3.0 (0.0t07.0) 18.0 (-1.0t0 33.0) 2.0 (-2.0t05.0) 0.01
Elastase 0.05 (0.03 to 0.07) 0.06 (0.02100.14) 0.05 (0.01 t0 0.07) 0.12

*  Absolute changes (medians and 95% confidence intervals). P-values calculated by Mann-Whitney U test. PAl-1= plasminogen activa-
tor inhibitor 1 (ng/ml), Neutrophil elastase (x1 umol of p-nitroanaline/ml sample), FVillc = clotting factor VIl (%).

Levels around exposures and differences in volunteers with and without

coagulation activation

Based on the change in thrombin antithrombin complexes (TAT) during
the flight, 11 volunteers were identified as individuals with an activated clotting
system®. Table 1 shows the differences in absolute changes for the parameters

between the two groups.

PAI-1 values were highest in the morning before the start of the exposure
(Figure 1) which is consistent with its circadian rhythm'. PAI-1 levels were higher
after the flight than after the other situations. While overall PAI-1 decreased during
the flight (median individual change -18.0 ng/ml; CI95: -30.8 to -12.0), PAI-1
increased by 4.2 ng/ml (CI95: -49.5 to 6.5) in volunteers with an activated clotting
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system and decreased in volunteers without clotting activation (-20.0, CI95: -33.2
to -14.0, table 1). For PAI-1, the flight caused a high-response in 9 volunteers (cut
off: -4.7 ng/ml), 6 of whom had clotting activation as measured by TAT levels (OR:
28.0, ClI95: 4.6 t0 171.9).

Median levels of FVllic were higher after the flight than after the daily life
situation, whereas baseline levels of FVllic were lowest before the flight (Figure 1).
Overall, FVllic increased during the flight (median individual increase 3.0 %, CI95:
0.0to 7.0). This increase was 9-fold higher in individuals with clotting activation
(18.0 %, CI95: -1.0 to 33.0) than in those without an activated clotting system (2.0
%, Cl95: -2.0 to 5.0, table 1). We identified 26 high-responders in FVllic, (cut off:
6.7 %), 8 of whom also had an activated clotting system as measured by TAT
levels (OR 5.5, CI95: 1.3 to 23.2).

Figure 1. Absolute median levels of the markers before during and after exposures (n=71).
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The mean stress score before the flight was 0.3 (range 0 to 2.2 out of 4).
The score in volunteers with clotting activation (mean 0.2, CI95: 0.1 to 0.4) was
not different from the score in volunteers without clotting activation (mean score
0.4, CI95: 0.2 to 0.5). During the flight, the mean stress score was 0.2 (range 0 to
1.3 out of 4) and the score in volunteers with clotting activation (mean score: 0.1,
Cl95: 0.0 to 0.2) was similar to the score in volunteers without clotting activation
(0.2, CI95: 0.1 to 0.3).

The pattern of neutrophil elastase levels was similar for both the flight and
the daily life situation. Neutrophil elastase levels were highest after the cinema
(Figure 1). There was no difference in absolute changes in levels of neutrophil
elastase between subjects with and without coagulation activation (Table 1). 10
volunteers were identified as high-responders in neutrophil elastase (cut off: 0.086
p-nitroanaline/ml), 4 of whom also had an activated clotting system (OR: 4.4, CI95:
0.9to0 21.3)

IL-8 was detectable (>3 pg/ml) in only six participants after the flight
(range 47 to 469 pg/ml). In three of these individuals IL-8 was already detectable
(with similar levels) before flying, indicating no effect of flying on IL-8 levels in these
individuals. After the cinema IL-8 levels were detectable in 8 volunteers (range 44
to 369 ng/ml) four of whom already had detectable levels before the cinema. In
nine individuals IL-8 were detectable after the daily life situation (range 9 to 417
ng/ml) of whom five already had detectable IL-8 levels at baseline. There was one
individual with coagulation activation amongst the three volunteers in whom IL-8
became detectable after the flight.

Mechanistic pathways

Stress is known to increase levels of several coagulation parameters, such
as factor VIII''. As we questioned whether stress could explain the increases in
FVllic levels that we found in some volunteers, we investigated the relationship
between changes in FVllic and the stress score before or during the flight. As
described above, the stress experienced by volunteers during our flight was
minimal. We found no relationship between levels of factor FVIIl:c and the stress
experienced either before the flight (regression coefficient: 2.0, CI95: -10.9 to 14.9)
or during the flight (regression coefficient: -10.2, CI95: -29.2 to 8.8).

To investigate whether changes in FVIII could be explained by hypoxia,
we investigated the relationship between FVllic and PAI-1. The increases in FVliic
during the flight were not related to changes in PAI-1 (regression coefficient: -0.1,
Cl95: -0.1 to 0.3), nor were the values after the flight (regression coefficient: 0.1
(Cl95: -0.210 0.7).
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Inflammation (e.g. after exposure to air pollution) and thrombosis are
related via interactions between leucocytes, platelets, the vasculature and the
coagulation pathway'2'3. To investigate the relationship between leucocytes and
platelets we examined neutrophil elastase and P-selectin (a marker of platelet
activation; results on P-selectin were reported previously®) in our study and
we found that absolute changes in neutrophil elasatase levels were related to
absolute changes in P-selectin during the flight (regression coefficient: 22.0, CI95:
2.6 to 41.5) while we did not find such a relationship during the cinema (regression
coefficient: 2.9, CI195: -10.1 to 15.9) or daily life situation (regression coefficient:
2.6, CI95: -14.1 t0 19.3).

Discussion

The aim of this study was to explore mechanisms (other than
immobilisation and dehydration) that could be responsible for coagulation
activation during air travel. Figure 2 gives an overview of mechanisms that could
be involved. The middle box represents the coagulation activation that we found
in 17% of volunteers after an 8-h flight®. This is the central point from which we
currently explored mechanisms that are possibly involved. We found that changes
in PAI-1 and factor VIIl:c were clearly higher in individuals with an activated clotting
system than in those without clotting activation after air travel.

Figure 2. Possible explanations for coagulation activation during air travel.

Hypoxia. During air travel, cabin pressure drops to 75.8 kPa, which
is equivalent to an altitude of 2400 m above sea level. Consequently, oxygen
saturation can drop as low as 90-93% and even to 80% in passengers who are
asleep's, which may cause acute mountain sickness'®. Studies into the effect
of both hypobaric as well as normobaric hypoxia on human coagulation have
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been reviewed*. None of the controlled experiments found an effect of either 8 h
of isocapnic hypoxia'’, short-term normobaric hypoxia'® or 8 to 10 h of hypobaric
hypoxia'® compared to normobaric normoxia. Also markers of fibrinolysis
remained unchanged during these controlled studies'”?°. Previous research on
fibrinolytic markers during air travel found an increase of PAI-1 during air travel®'.
One drawback of these studies is that they did not include participants with risk
factors for venous thrombosis while it is conceivable that hypoxia has an effect in
certain susceptible subjects only. One parameter that is sensitive to hypoxia is PAI-
1. Besides its role in maintaining normal hemostasis by regulating the fibrinolytic
system, PAI-1 plays a role in many other (patho)physiological processes'.

We found that PAI-1 increased during the flight in the individuals with
an activated clotting system whereas it decreased in those without coagulation
activation. Furthermore, out of the 11 subjects with clotting activation, 6 were also
high responders in PAI-1.

There are several mechanisms that could be proposed with respect to
the relation between hypoxia, thrombin generation and increased PAI-1 levels.

In the most parsimonious scenario, hypoxia leads to endothelial activation. This
has several consequences, of which some or all may happen in an individual,

i.e. release of PAI-1'°, tissue factor expression??, and release of factor VIIl. The
tissue factor expression leads to clotting activation and, ultimately, production of
thrombin and fibrin inactivation products, as TAT and D-Dimer, as well as platelet
activation with P-selection release. The increased levels of PAI-1 and FVIII are
markers of hypoxia and endothelial activation, but they play no role in the process.
In a more complex hypothetical model, thrombin formation after tissue factor
expression leads to increased PAI-1 levels via hypoxia inducible factor 1 (HIF-1).
Increased factor VIl levels may also have occurred via other pathways, i.e. acute
phase reactions, or partial activation. Given the small number of observations,

it is not possible to firmly establish one or the other mechanism, although it is
noteworthy that several individuals with increases in PAI-1 levels did not show
signs of clotting activation, which argues against the second mechanism.
Whatever the exact mechanism, these data support a role for hypoxia in air travel
related thrombosis.

Stress. Individuals who are afraid of flying may experience anxiety when
flying. Stress increases levels of several coagulation parameters, such as clotting
factor VIII2. Therefore, it has been suggested that stress could underlie air travel
related thrombosis. In a case-control study, stress increased the risk of venous
thrombosis after air travel 2.5 fold?*. In our study, volunteers with clotting activation
after the flight were not more anxious than the others. Furthermore, changes in
factor VIII:c were not related to anxiety experienced before or during the flight. So,
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there seems to be no direct effect of stress on coagulation activation in our study.
Still, we have to be cautious with interpreting these results since the levels of
stress experienced during the flight were not very high, probably because people
who are afraid of flying do not volunteer for a research project such as ours.

Air pollution. We questioned whether air pollution could play a role
through inflammation in the lungs inducing clotting activation. Around airports,
the air is polluted by aviation fuels and their combustion products. Combustion of
aviation fuels results in CO,, CO, C_, NO,, particles, and a large number of other
organic compounds, among which a number of carcinogens®, Inflammation
and thrombosis are related via interactions between leucocytes, platelets, the
vasculature and the coagulation pathway'2'3. For this purpose we measured
neutrophil elastase in our study. Although neutrophil elastase was not different
between the two groups, we did find a relationship between absolute changes in
neutrophil elastase levels and levels of P-selectin only after the flight. This supports
the theory that inflammation could play a role in platelet activation during air travel,
but not directly in thrombin formation.

Infection. We hypothesized that passengers could be more at risk for
infection, since they are placed together in a small space for a considerable time
during air travel, allowing germs to spread. Mechanisms that could play a role are
interactions between leucocytes, platelets, the vasculature and the coagulation
pathway'2'3, Results from a self-controlled case-series method in a large cohort
study showed that acute infections are associated with a transient increased risk
of venous thrombosis in a community setting?. In case control studies, detectable
levels of IL-8 have been associated with a more than 2-fold increased risk for
venous thrombosis?, whereas cohort studies reported no effect®. In our study,
IL-8 levels became only detectable in few volunteers and not more during air
travel than during the other situations. Hence, we conclude that it is unlikely that
infection plays a major role in clotting activation during air travel.

There are various general limitations to our study, which also have been
described in our previous publication®. Although there is no evidence that our
assays could be affected by haemolysis in vitro, we excluded all visibly haemolytic
material. Also samples with technically unreliable data in other assays (TAT)
were excluded as well as unreliable data in the current assays. Furthermore, the
number of volunteers with clotting activation was small (n=11). However, as our
parameters were of a continuous nature and were analysed in a pair-wise way,
the power was still sufficient and clear effects in several parameters could be
detected. Lastly, not all parameters used in our study fully cover the mechanism
that we assigned to it. For example, stress was measured by a standard
questionnaire filled in by the volunteers themselves. Possibly, not all questions

Explanations for coagulation activation after air travel = 97



98

were answered accurately. For air pollution we used a parameter that is still
experimental (neutrophil elastase).

In summary, clotting activation after air travel was related to increases
in factor Vllic and PAI-1 in our study. The increases in FVllic were independent
from stress. An obvious explanation for the increase in PAI-1 is hypoxia, but the
increases in PAI-1 could also be a consequence of coagulation activation. None of
the other parameters were related to clotting activation after air travel. Our results
do not support the hypotheses that stress, infection or air pollution are involved in
the prothrombotic state brought about by air travel. A role for hypoxia seems likely.
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