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This publication discusses the clinical aspects and aeromedical concerns of diverticular
disease. A case of a 49-year-old supersonic aircraft pilot diagnosed with diverticulosis
19 years earlier served as an inspiration for this position paper. Upon consideration,
particular attention was paid to the diagnostics, the likelihood of extreme flight factors
influencing the course of diverticulosis and related prognostic implications. The conc-
lusion contains an aeromedical disposition decision concerning highly maneuverable
aircraft pilots diagnosed with diverticular disease resulting from the presented case
and theoretical considerations.
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INTRODUCTION

Diverticulosis of the colon is one of the most
common disorders of the gastrointestinal tract
in Western Europe [18,24]. The highest incidence
of the disease occurs in Europe, USA and Australia.
Studies show that the prevalence of diverticulo-
sis increases with age. It is <5% in persons under
40 years of age, 30% in individuals 60 years old
and 50-65% in persons aged 85 [16,17,19]. Due
to this fact, this pathology is relatively rare in the
age group of active highly maneuverable air-
craft pilots. It should be noted, however, that the
data concerning the occurrence of diverticulosis
is likely to be underestimated due to the fact that
in about 85% of cases the disease is asymptomatic
[3]. The issue raised is of particular importance
with regard to highly maneuverable aircraft pi-
lots exposed to hypoxia, high-altitude gas expan-
sion, acceleration, anti-G straining maneuvers and
pressure breathing. So, it is connected with flight
safety.

The development of aviation medicine and
technology has led to a better understanding of the
impact of extreme flight conditions on the human
body. At the same time, progress in medical technol-
ogy has led to more precise diagnostic tests for the
pilots. Medical boards responsible for flight clear-
ance may be presented with a dilemma as to wheth-
er recognize the severity of lesions as directly en-
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dangering flight safety, or if further flight service will
have animpact on the progression of lesions and the
development of possible complications. This uncer-
tainty may involve clinically asymptomatic lesions
in the spine, the cardiovascular system or the gas-
trointestinal tract. The exchange of knowledge and
opinions concerning aviation medicine is beneficial
from the point of view of aeromedical disposition
decision and ethics.

Aninspiration for this position paper came from
a case of a 49-year-old supersonic aircraft pilot suf-
fering from nonspecific complaints and unexpect-
edly diagnosed with diverticulosis (diagnosed by
an x-ray with contrast medium in the intestine) 19
years ago. He was allowed to continue flying once
the symptoms subsided. In February 2013, he was
hospitalized due to clinical symptoms of diver-
ticular disease (abdominal pain, elevated body
temperature, increased leukocyte count and CRP)
that required broad-spectrum antibiotic therapy.
Six months later, he was hospitalized once again
due to pain in the left iliac fossa without fever or
elevation in laboratory markers of inflammation.
Colonoscopy revealed multiple diverticula in the
descending colon and sigmoid, along with dis-
crete signs of inflammation in the vicinity of one
of them. A 320-slice abdominal CT (0.5 mm heli-
cal scan layer thickness) performed after 2 weeks
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The first type of diverticula with very thin walls (marked by the red arrow).
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Fig. 2.

of anti-inflammatory therapy, revealed numerous
diverticula in the colon, without signs of inflam-
mation. The diverticula were classified into one
of three types based on the thickness of the wall
(diverticula filled with fecal masses were not con-
sidered). The first type included diverticula with
very thin walls that remained beyond the scope
of the testing method (Fig.1). Approximate air vol-
ume in the largest one of them was 4.57 cm?®.

The second type were diverticula with wall
thickness of about 1.8-2 mm (Fig. 2) and a maxi-
mum air volume of 0.5016 cm?3.

Third type of diverticula comprised of those
with non-uniform wall thickness that represent
a combination of the first two types (Fig. 3) and
a maximum air volume of 1.274 cm?>.

The pathogenesis of diverticulosis is still un-
known but multifactorial [10,20]. It is caused by
the following: low-fiber diet, structural changes
in the intestinal wall, increased intraluminal pres-
sure, low physical activity, segmentation and dis-
orders of bowel motility. Abnormal motility may
be caused by changes in the number and location
of intestinal cells of Cajal [21] as well as by abnor-
malities in neural transmission [2]. Genetic factors
and the process of aging also play an important
role [25]. A low-fiber diet leads to the formation
of harder stools, which require stronger intestinal
contractions and result in hypertrophy of the mus-
cle. A longer intestinal transit time, muscle hyper-

e

0.50 im

The second type of diverticula with wall thickness of about 1.8-2 mm (marked by the red arrow).

trophy and severe contractions cause increased
pressure in the intestinal lumen. As a result, in-
testinal mucosa is pushed out of the membrane
in areas of reduced resistance (e.g., blood vessels
penetrating the intestine) to form diverticula [9].
Diverticulosis most commonly involves pseudodi-
verticula, which consist of mucosa and submucosa
[24]. True diverticula containing a muscle layer are
very rare and are thought to be mostly congenital
[9,24]. Diverticulosis arise most commonly in the
descending colon, because its lumen is the small-
est and the change in pressure caused by forceful
contractions is the highest [24].

CT of the colon revealed 3 types of diverticula,
based on the thickness of the wall. A hypothesis
could be made that diverticula with thick walls
(Fig. 2) contain a muscle layer and are, therefore,
true diverticula. If this hypothesis holds true,
another one could be stated, that is diverticula
of mixed wall thickness (Fig. 3) are morphologi-
cally in transition from true diverticula (Fig. 2)
to the typical thin wall diverticula (based on to-
mographic evaluation) found in diverticulitis
(Fig. 1). It seems likely that the predisposing fac-
tors, particularly increased intraluminal pressure,
gradually displace (quite possibly asymmetrically)
the intestinal mucosa beyond the muscular layer.
If this hypothesis were proved to be true, it would
greatly help address the medico-ethical and aero-
medical disposition decision concerning military
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Fig. 3.

pilots of highly maneuverable aircraft. Comput-
er-based annual follow-up examination of the
abdomen would provide insight into the possi-
ble advancement of diverticular morphological
changes. Changes in the morphology of thick wall
(true?) and “intermediate” diverticula into very
thin-wall diverticula (typically pseudodiverticula),
are associated with unfavorable and rapid pro-
gression of the disease, likely under the influence
of extreme flight conditions. Such changes would
signify an increased risk of potential perforation
of the colon due to increased pressure in the ab-
dominal cavity during flight. Both, acceptance or
rejection of the hypothesis is difficult to prove.
This would require follow-up computer testing
of individuals with diverticulosis over a period
of many years, which is impossible to carry out on
a large group of pilots.

From a clinical viewpoint, the term “diverticu-
losis” represents the presence of asymptomatic
diverticula in the colon confirmed with imaging
studies, whereas “diverticular disease” is the pres-
ence of clinical symptoms.

Diverticular disease should be classified as [26]:
[1] symptomatic uncomplicated diverticular dis-
ease: a single episode of non-specific symptoms,
such as lower abdominal discomfort or abdominal
pain, bloating, abdominal tenderness, constipa-
tion, diarrhea without any sign of inflammation
(fever, neutrophilia, phlogosis of diverticula); [3]

The third type of diverticula - represents a combination of the first two types (marked by the red arrows).
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recurrent symptomatic uncomplicated diverticu-
lar disease: more than one attack per year of non-
specific symptoms without signs of inflammation,
or [5] complicated diverticular disease: abdominal
symptoms associated with signs of inflammation.

A variety of complications may occur in the
course of diverticular disease [15,28]. The most
common one is diverticulitis. The pathogenesis
of diverticulitis is not fully understood. However,
it is thought that predisposing factors include:
low-grade chronic inflammation, gut microbiota
abnormalities, toxin exposure within the gut (aris-
ing from fecal retention) and intestinal ischemia.
Diverticulitis usually follows an uncomplicated
course (75%). In the remaining cases, it leads to the
development of abscess, phlegmon, peridiverticu-
lar abscess or diverticular perforation with associ-
ated peritonitis [24]. Other complications of diver-
ticulitis may include: narrowing and obstruction
of the bowel, inflammation of the surrounding
organs, fistulas, bleeding, liver abscess and sep-
sis [19]. Although diverticular disease is more
common among elderly patients, a dramatic rise
of its incidence is seen in the younger age groups
[14]. Diverticular disease complications are most
frequent in obese individuals on low-fiber diet,
tobacco smokers, persons with chronic diseases,
such as liver cirrhosis, diabetes, renal failure and
especially those taking corticosteroids and immu-
nosuppressive drugs [27]. Diverticulitis usually oc-
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curs in an acute or chronic form . The acute form
involves a rapid onset and duration of symptoms
for about 2 weeks. The chronic type is diagnosed
when the symptoms are milder, recurrent and
present for more than 6 months. Recurrence with
an increased risk of complications occurs in 25%
of patients with diverticulitis [30]. Diagnostic tests
include blood counts, acute phase protein (CRP)
concentration, CT evaluation or alternatively MRI
or ultrasound imaging could be implemented
[6,12,22]. Colonoscopy should be avoided in the
course of acute diverticulitis due to increased risk
of perforation but in case of bleeding treatment or
chronic colitis, differential diagnosis colonoscopy
is suggested [20]. Additionally, the large intestine
is difficult to evaluate because of shrinkage, nar-
rowing of the lumen and immobilization (fixation).
Following the acute phase, a complete endoscop-
ic examination must be performed to exclude oth-
er conditions, such as inflammatory bowel disease
and cancer [24].

Diverticulitis affects the patient’s quality of life.
Recurrence prevention plays an important role.
Recommendations include change in diet to in-
crease the amount of fiber consumed, avoidance
of foods that create excessive amounts of intes-
tinal gas (carbonated water, carbohydrates, leg-
umes, cabbage) and weight reduction. A change
in lifestyle with increased physical activity also
plays a vital role. Prophylactic pharmacotherapy
remains open to debate [5,7] but rifaximin is sug-
gested [13], efficacy of mesalazin is not confirmed.

THE AVIATION MEDICINE ASPECT

Under normal conditions, the gastrointestinal
tract of a healthy individual contains a few hun-
dred milliliters of free gas [1]. It is produced by
fermentation of foods and its chemical composi-
tion (carbon, oxygen, hydrogen, nitrogen, meth-
ane, hydrogen sulphide) along with the amount
accumulated, depend on a person’s nutrition and
the quantity of air swallowed with saliva and food
(this is particularly true of individuals prone to aer-
ophagia).

During the ascent, in the presence of decreased
surrounding atmospheric pressure, the volume
of gas in the gastrointestinal tract increases gradu-
ally and proportionately. The severity and inten-
sity of the illness depend on the amount and rate
of gas accumulation, its distribution within the
gastrointestinal tract, the anatomic and functional
condition of the intestine, the time elapsed since
the last meal, the type and degree of abdominal
wall tension and abdominal pressure.

Military training flights take place at heights
of 6,000-12,000 meters. The airtight cabin of the
aircraft maintains correspondingly lower air pres-
sure (depending on the altitude) to reduce the
effects of any sudden decompression. Rapid as-
cent and descent of an aircraft during military
training operations causes the volume of intesti-
nal gas to change rapidly. It should be noted that
low cabin pressure and the use of technical de-
vices protecting from hypoxia prevent only sud-
den decompression complications. The volume
of gas in the gastrointestinal tract increases by
50% at 3,000 meters and by 100% at 7,000 meters,
as compared to the original volume at sea level. An
increase in gas volume in the gastrointestinal tract
during decompression at higher altitudes would
be correspondingly greater [11]. It should be em-
phasized that the impact of rapid decompression
on the gastrointestinal tract depends not only on
the parameters of decompression (the difference
between the initial and final pressure in the cabin,
their relative ratio and the duration of decompres-
sion) and the initial amount of gas in the intestine,
but also on the functional state, and more impor-
tantly, the structural changes in the intestinal wall.
Expansion of gas in the gastrointestinal tract leads
to abdominal distension and elevation of the dia-
phragm. Distension of the stomach and the intes-
tines causes a feeling of fullness and discomfort
in the abdominal cavity [1].

In the course of diverticulosis, the greatest
risk of complications associated with supersonic
flight is due to increased pressure throughout
the intestines and the abdominal cavity. This can
cause extreme pain or even intestinal perforation,
especially in the setting of a disease process. Dur-
ing rapid decompression, the expanding gas re-
mains mostly in the same location. Thus, in cases
of diverticula obstructed by fecal matter, a rapid
increase in the volume and pressure of gas accu-
mulated within the enclosed space takes place.
Expansion of diverticula containing gas may lead
to reflex contraction of the adjacent sections,
making it difficult, or even impossible, to propa-
gate and eliminate the gas by natural means.

The force of +Gz acceleration leads to a down-
ward displacement of tissues and organs, es-
pecially those with a range of movement, such
as the liver, the bladder and the intestines, result-
ing in an additional impact on abdominal pres-
sure. Values of venous and abdominal pressure
increase in a linear proportion to the rate of accel-
eration [8]. Additionally, rapid changes in pressure
take place when changing the direction of accel-
eration in the Gz axis, especially during aerobatic
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maneuvers in the upside-down position: such
as a barrel roll, reversed loop, inverted corkscrew
and others. An additional increase in abdominal
pressure during flight in a highly maneuverable
aircraft is caused by Anti-G-Straining Maneuvers
(AGSM) performed by the pilots and the pressure
exerted by an abdominal pressure compensator,
which is part of a pressure suit [29]. One of its tasks
is to reduce the harmful effects of high-altitude
meteorism.

An increase in intra-abdominal pressure is also
stimulated by pressure breathing, resulting in low-
ering of the diaphragm and an increase in abdom-
inal pressure [23]. The potential impact of vibra-
tions occurring in aviation on diverticular disease
is impossible to assess.

AERO-MEDICAL CONCERNS

Flight safety and aviator’s wellness should be
taken into account when conducting a medical
assessment of a pilot of a super-maneuverable
aircraft,. This includes the possibility of structural
changes within the diverticula, an increase in the
number of diverticula and possible progression
of the disease forced by flight factors. Therefore,
diverticulosis is an extremely important subject
of medical certification and an equally important
ethical and medical issue.

Computer test results of the presented case
of diverticulosis / diverticular disease suggest that
even originally true diverticula with thick walls

AUTHORS’ DECLARATION:

may transform, under a longstanding influence
of harmful factors, into thin-walled pseudodi-
verticula visible on a CT. There is no doubt that
the discussed extreme factors affecting the pilot
body, particularly significant and relatively rapid
pressure changes within the colon, are a predis-
posing factor in the progression of morphological
changes in diverticulosis of the bowel. Consider-
ing the above findings, along with a documented
diverticular disease, we believe that pilots of su-
personic aircraft should not be allowed to con-
tinue to fly.

Pilots may be able to continue their flying duty
in cases of asymptomatic diverticulosis detected
accidentally, e.g. during prophylactic endoscopy
of the colon, provided that they undergo periodic
CT screening, taking into account the progression
of diverticular wall morphology discussed earlier
in this document. Such position may be justified by
the fact that the pilot discussed in this publication
served in the air force with a diagnosed and asymp-
tomatic diverticulosis of the colon for 19 years
without any complications and the hypotheses
presented in this work were not sufficiently proven.
However, presence or development of diverticulitis
with very thin walls, below 0.5 mm (beyond the ca-
pability of accurate CT assessment), in our opinion,
should constitute a contraindication to flying high-
ly maneuverable aircraft. For highly maneuverable
aircraft pilot candidates, it may be worth consider-
ing performing CT screening of not only the spine,
but also the abdominal cavity.
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