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The purpose of the present study was to examine postprandial myoelectric activity of the
stomach and gastric activity associated with space motion sickness using electrogastrography.
Three crewmembers participated in this investigation. Preflight, subjects exhibited normal
postprandial responses to the ingestion of a meal. Inflight, crewmembers exhibited an
abnormal decrease in the power of the normal gastric slow wave after eating on flight day 1,
but had a normal postprandial response by flight day 3. Prior to and during episodes of nausea
and vomiting, the electrical activity of the stomach became dysrhythmic with 60–80% of the
spectral power in the bradygastric and tachygastric frequency ranges. These findings indicate
that gastric motility may be decreased during the first few days of space flight. In addition,
changes in the frequency of the gastric slow wave associated with space motion sickness
symptoms are consistent with those reported for laboratory-induced motion sickness.
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Space motion sickness (SMS) is the most clinically
significant phenomenon occurring during the first few
days of space flight. Symptoms of SMS have been
reported by 48% of the cosmonauts in the Soviet
space program (1). In 44 flights of the US space
shuttle (through January 1992), the incidence of SMS
was 73% in first-time flyers (2). Gastrointestinal
symptoms have their onset from minutes to hours
after orbital insertion. Symptom resolution usually
occurs between 30 and 48 hr, with a reported range of
12–72 hr (3), although a very small percentage of
crewmembers do not recover or become symptom-
free for the duration of the flight. Russian researchers
report that 54% of the cosmonauts have symptoms
lasting 1–3 days, 25% have symptoms lasting 14 days

or longer, and 17% (8 of 46 cosmonauts) on long-
duration missions (85–365 days) periodically develop
vertigo and queasiness, especially during the last
10–14 days of the mission when their activity level
typically increases (4).

Even in the absence of stomach discomfort, nausea,
and/or vomiting, crewmembers almost universally ex-
perience loss of appetite. Similar symptoms often
accompany a variety of gastrointestinal disorders. Re-
duced gastric motility has long been recognized as a
characteristic of acute motion sickness (5). In terres-
trial studies of motion sickness, gastric emptying de-
creases (6) and mouth-to-cecal transit time increases
(7) profoundly in motion-sick subjects. In addition,
gastric dysrhythmias have been observed during a
wide variety of laboratory-induced motion sickness
stimulus conditions (8–14). In patients, a decreased
postprandial power of the normal gastric slow wave
has been associated with delayed gastric emptying
(measured by scintigraphy) (15–19). Gastric dysrhyth-
mias have also been observed in patients with delayed
gastric emptying (20), gastroparesis (21–23), nausea
and vomiting (18, 21, 24), and dyspepsia (18, 25–27).
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To date, gastrointestinal symptoms that occur dur-
ing space flight have been measured almost exclu-
sively by self-report, with only three exceptions. De-
creased bowel sounds during the first few days of
space flight, as measured by auscultation, have been
reported (14, 28). In those subjects, bowel sounds
returned after symptom resolution. Russian research-
ers have observed a decrease in electrogastrogram
(EGG) amplitude and a decrease in the EGG re-
sponse to ingestion of solids and liquids in monkeys
during space flight (29). Most techniques used in
clinical evaluation and diagnosis of gastrointestinal
disorders are impractical for use in space flight (scin-
tigraphy, serosal electrodes, and intraluminal trans-
ducers). Electrogastrography, however, is a noninva-
sive technique for recording gastric myoelectric
activity using cutaneous electrodes. EGG may be a
useful objective indicator of potential changes in post-
prandial gastric myoelectric activity and the develop-
ment of space motion sickness symptoms.

In man, gastric smooth muscle pacesetter poten-
tials oscillate around a frequency of 3 cycles per
minute (cpm), or 0.05 Hz, with amplitudes of 100–500
�V; pacesetter potentials are propagated across the
stomach from the antrum toward the pylorus. Gastric
myoelectric activity is responsible for coordinating
stomach contractions and regulating gastric emptying
and is mediated by the autonomic nervous system.
Increased vagal (parasympathetic) activity augments
gastric motility (30), whereas increased sympathetic
activity or vagal withdrawal decreases gastric motility
(31, 32).

Simultaneous recordings of serosal or mucosal and
cutaneous myoelectric activity have established that
the EGG accurately records the gastric slow wave that
controls the frequency and propagation of gastric
contractions (22, 33–36). Gastric dysrhythmias, in-
cluding tachygastria (fast frequency waves) and bra-
dygastrias (slow frequency waves), also can be de-
tected by EGG (37). EGG is becoming a useful
clinical tool in evaluating gastric myoelectric abnor-
malities (rhythm and/or amplitude) associated with
gastrointestinal functional disorders such as gastropa-
resis and functional dyspepsia and, therefore, may be
useful in evaluating these same abnormalities in SMS.

The purpose of this investigation was to: (1) assess
changes in gastric myoelectric responses to ingestion
of food over the first few days of space flight, and (2)
examine gastric myoelectric activity during space mo-
tion sickness symptoms, as well as the temporal rela-
tions between gastric activity and subjective reports of
symptoms.

MATERIALS AND METHODS

Subjects

Three male crewmembers participated in this investiga-
tion. All subjects met the rigorous physical and health
requirements for maintaining flight status and provided
written informed consent to participate in the study. It was
required that all crewmembers refrain from the consump-
tion of alcohol or drugs for the 24 hr preceding any test
session. Use of anti-motion sickness drugs, either prophy-
lactically or at the time of motion sickness, was acceptable,
but not desirable. Since some medications can affect gastric
rhythms, gastric amplitude, and/or autonomic balance, the
use of any medication, regardless of purpose, was recorded.
This information included the name of the drug, the dosage
and route of administration, the time at which it was taken,
and any symptoms at that time.

Procedures

Apparatus. Electrogastrographic data were recorded us-
ing field effect transistor (FET) type electrodes and a Dig-
ital Biolog (UFI, Morro Bay, California, USA), an ambu-
latory recording instrument developed for use during space
flight. This unit used FETrodes to amplify the EGG signal
at the source, thus greatly increasing the signal-to-noise
ratio. The main portion of the unit provided additional
signal amplification (with a frequency range of the lower 3
dB � 0.01 Hz and the upper 3 dB � 0.24 Hz), sampled the
signal at 10 Hz, and stored the data on a static RAM card.
Twenty-four hours of data could be stored on a 1 Mb RAM
card. The lightweight unit (0.6 kg) was worn on a fabric belt
and powered by a standard 9V battery. Event markers on
the recording instrumentation (coded 1–5) were used to
mark the occurrence of an event (defined in this experiment
as eating, drinking, stomach awareness/discomfort, nausea,
and vomiting) by inserting the code number of the event
pressed into the data stream along with the associated
mission elapsed time (MET). The insertion of event mark-
ers was accomplished without a suspension in data logging.

Three electrodes were placed on the crewmember’s ab-
domen: one along the left midclavicular line 1–2 in. below
the costochondral margin, one at the midpoint between the
xiphoid process and the umbilicus, and the third (ground)
on the rib cage of the crewmember’s right side. If abdom-
inal hair was present on the electrode sites, those areas
were shaved. Prior to electrode placement, the skin was
lightly abraded using Omniprep and a protective barrier
(Mentor Shield Skin) was applied. Electrode impedance
was checked after application. An impedance greater than
10 k� necessitated replacement of the electrode. For ses-
sions conducted on the ground, signal output was verified
on an oscilloscope.

Preflight Training and Baseline Data Collection. Two
preflight training and two baseline data collection (BDC)
sessions were required of each subject for this experiment.
The first training session, held on or about L-12 months (12
months prior to launch), included a science orientation and
introduction of the inflight procedures. Subjects were in-
structed on where and how to place the electrodes, proper
skin preparation, electrode impedance testing, and use of
the event markers. Practice of the procedures was also
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included. The second training session (L-10 months) in-
cluded review and practice of the inflight procedures and
training in malfunction procedures.

The two BDC sessions were used to establish subject
responses to a gastric fluid load (session 1) and ingestion of
a small test meal (session 2). Only the responses to the
small test meal are presented here. These data were used
for comparison with inflight data corresponding to eating.
For data consistency, subjects were asked to fast (no food or
drink) for 6.5 hr prior to the data collection session. Addi-
tionally, the subjects were instructed to refrain from con-
suming alcohol and taking any medications during the 24 hr
preceding the session.

The test meal BDC began with a fasted baseline record-
ing of 20 min, after which the subject ingested a typical
inflight breakfast. The subjects were queried prior to the
session as to the appropriate contents of this meal. The
meal was eaten within a 5 to 10-min period. Data recording
continued for 3 hr after the meal.

Within 8 days prior to launch, a 10-min session to mark
proper electrode placement was required. The subjects
were instructed to arrive with a full stomach to allow
accurate localization of the stomach. The locations for the
electrodes were marked on the abdomen of the subject with
a Sharpie indelible marker (Sanford, Bellwood, Illinois,
USA). This was done to ensure proper and consistent
placement of the electrodes inflight.

Inflight Data Collection. The Biolog equipment was
donned as early in the inflight timeline as possible. Data
were collected continuously for at least the first three flight
days. The electrodes, RAM card, and battery were replaced
every 24 hr during this time. For these change-outs, alcohol
swabs were used in place of Omniprep to avoid overabra-
sion of the skin, and the protective barrier was reapplied
prior to the placement of fresh electrodes. Use of the
barrier reduced the possibility of skin irritation from the
electrodes. The crewmembers were instructed to press the
event markers whenever appropriate to record the occur-
rence of eating, drinking, stomach awareness/discomfort,
nausea, or vomiting.

Data Reduction and Analysis

Data from the Biolog RAM cards was downloaded to a
PC via a Databook TMD-500 Thin Card Drive (Databook,
Inc., Ithaca, New York, USA), converted from binary to
ASCII format using software developed by UFI, and trans-
ferred to a Macintosh computer running MATLAB (The
MathWorks, Inc., Natick, Massachusetts, USA), a numeric
computation program with signal processing capabilities.
The data were then calibrated and divided into smaller
segments on the basis of event markers.

For EGG analysis, a fourth-order high-pass digital ellip-
tical filter with a 0.015-Hz cutoff was first applied to the data
followed by a fourth-order low-pass elliptical filter with a
0.5-Hz cutoff. Segments of data corresponding to periods of
interest (eg, reports of SMS symptoms and eating) and
without movement artifact were identified for running spec-
tral analysis. Each segment was subdivided into smaller,
overlapping segments 2048 points (3.4 min) in length. Each
of these segments overlapped the previous one by 75%,
resulting in 512 points (51.2 secs) of new data analyzed with

each segment. Each segment was linearly detrended and
Hamming-windowed prior to computation of the fast Fou-
rier transform (FFT). FFT is based on the Fourier series
and assumes that all complex wave forms are composed of
a series of sinusoidal waves. FFT analyzes the complex wave
form and provides a power spectrum of the signal indicating
the relative strengths of various frequency components. The
power data obtained provides information on both fre-
quency and amplitude of the EGG signal. There are a
number of EGG parameters that can be computed. In this
paper we will report on two parameters that are of partic-
ular clinical significance. The change in postprandial power
of the normal gastric slow wave frequency (3 cpm) was used
to examine and compare gastric responses to eating pre-
and inflight. The percent of the spectral power in the
normal, bradygastric, and tachygastric frequency ranges was
used to examine gastric dysrhythmias associated with the
nausea and vomiting that accompanies SMS.

Definition and Computation of EGG Parameters

Postprandial Change in Normal 3-cpm Power. The rela-
tive change in the power of the normal gastric slow wave
frequency (3 cpm) is the difference between the powers (in
dB) before and after eating. An increase in the postprandial
normal power primarily reflects an increase in gastric con-
tractile activity. A decrease in the normal power, however,
is definitely considered an abnormal response to eating and
is indicative of postprandial gastric motility disorders (38).
The power in the normal slow-wave frequency range was
averaged across the segments of the running spectrum for
the 15 min prior to eating and for each of the first two
15-min periods following a meal. The preprandial spectral
power was then subtracted from each of the two 15-min
postprandial powers to compute the change in normal
3-cpm power.

Percent Distribution of Spectral Power. The percent
spectral power (PSP) assesses the regularity of the gastric
slow waves. It is the percent of time that normal gastric slow
waves are observed in the EGG, and the percent of time
that bradygastric and tachygastric rhythms are observed.
First, the power in each of the normal (2.34–3.78 cpm),
bradygastria (0.9 –2.04 cpm) and tachygastria (4.08 –9.6
cpm) ranges was computed for each segment by summing
the powers of the frequencies within each band. Then, the
average power of the segments within 15 min periods before
and after reports of nausea or vomiting was calculated for
each frequency range. The total power was then calculated
by summing the powers across all three frequency ranges.
Percent distribution of spectral power was determined by
calculating the ratio of power in each frequency range to
the total power. The PSP of normal gastric slow waves is
particularly useful in studies designed to examine the effects
of exogenous stimulation on the regularity of gastric slow
waves (38).

RESULTS

Postprandial Responses

Figure 1 shows the average change in postprandial
power of normal 3 cpm activity for the three astro-
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nauts preflight, on flight day one (FD1), and flight day
three (FD3). Preflight, subjects exhibited normal
postprandial responses to ingestion of a meal, that is,
an increase in the amplitude and power of the normal
3 cpm slow wave. Inflight, there was an abnormal
decrease in the dominant power on FD1 with a return
to a normal response on FD3. There were, however,
individual differences in postprandial responses, as
shown in Figure 2. Preflight, one subject (A2) exhib-
ited an abnormal decrease in postprandial dominant
power 15 min after the meal, which was still evident
30 min after eating. Although there is no clear expla-
nation for this response, the crewmember may have
been experiencing unreported gastric symptoms on
the day of testing. On FD1, all three astronauts
showed an abnormal decrease in postprandial power
15 min after the meal, and two of the three astronauts
continued to show this response 30 min after the
meal. By FD3, all three crewmembers exhibited a
normal increase in postprandial dominant power at
both 15 and 30 min after the meal. All three crew-
members reported moderate to severe loss of appe-
tite on FD1 and two of the crewmembers experienced
mild loss of appetite on FD3. The fact that A2 showed
a normal postprandial response on FD3 suggests that
his abnormal preflight response was probably due to
an acute, temporary problem rather than a chronic
gastric motility disorder.

Nausea and Vomiting Responses

One crewmember reported two episodes of nausea,
and another crewmember reported one episode of
vomiting. The top two panels of Figure 3 (A and B)
show the percent distribution of spectral power (PSP)
in each of the EGG frequency ranges before and after
nausea was reported. In the first episode of nausea
(panel A), approximately 60% of the spectral power
was associated with dysrhythmic activity before nau-
sea was reported, 40% bradygastria and 20% tachy-
gastria. The PSP associated with dysrythmic activity
increased to approximately 75% during the 15 min
following the report of nausea, then gradually de-
creased to about 45% at 45 min following the initial
report. Preflight, the subjects’ fasted and postprandial
PSP in the normogastria range was 15% and 67%,
respectively. In the second report of nausea (panel
B), the PSP associated with dysrhythmic activity re-
mains high at 75–80% throughout the recording pe-
riod. Since we do not know the duration of the
nausea, we can only speculate that the data may
reflect a more rapid recovery of nausea in the first
episode compared to the second episode. A second
point of comparison between the two nausea episodes
is the difference in PSP associated with bradygastria
versus tachygastria. In the first episode, the PSP as-
sociated with bradygastria is two to three times
greater than that of tachygastria throughout the re-

Fig 1. The average change in postprandial spectral power of the normal (3 cpm) gastric slow wave
for the three astronauts (the difference in power before and after eating). This shows a normal
increase in postprandial power preflight, an abnormal decrease on flight day 1 with a return to a
normal response by flight day 3.
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cording period. However, in the second episode, gen-
erally a higher PSP is associated with tachygastria
during the periods following the report of nausea. In
other studies, tachygastria is more commonly ob-
served during motion sickness than bradygastria (10–
12).

Figure 3C shows the PSP for the vomiting episode.
Like the nausea episodes, 75–85% of the spectral
power is associated with dysrhythmic activity before
and up to 30 min following emesis. Forty-five minutes
after vomiting the gastric myoelectric activity is essen-
tially normal, with approximately 70% of the power in
the normal gastric slow wave frequency range. The
crewmembers’ preflight fasted and postprandial PSP in
the normogastria range was 16% and 39%, respectively.

One final observation is that for both the nausea
episodes and the vomiting episode, the crewmembers
exhibited clear dysrhythmic activity at least 30 min
prior to reporting the symptom. It should also be
noted that the crewmember who vomited specifically
stated that he had no symptoms prior to vomiting.
Sudden vomiting without prodromal symptoms is a
fairly common characteristic of SMS (39).

Figures 4 and 5 depict the running spectra of one of
the nausea episodes and the vomiting episode, re-

spectively. Both figures show the running spectra of
the EGG for 30 min before and after the nausea/
vomiting episode. The darker gray spectra represent
the EGG before the event and the lighter gray spectra
represent the EGG following the report of nausea or
vomiting. Figure 4 shows dysrhythmic activity prior to
nausea is dominated by bradygastria, whereas tachy-
gastria dominates the period following the report of
nausea. The increased tachygastria observed during
nausea is consistent with EGG responses observed
during terrestrial motion sickness.

The vomiting episode (Figure 5) is marked by high-
amplitude, severe dysrhythmic activity prior to eme-
sis, where the spectral power is fairly equally distrib-
uted across bradygastria and tachygastria.
Immediately following emesis, there is a rather dra-
matic decrease in the EGG amplitude across all fre-
quencies. Finally, at about 20 min after vomiting we
begin to see a recovery of the normal (3 cpm) gastric
slow wave.

DISCUSSION AND CONCLUSIONS

The present study represents the first attempt to
obtain objective measures of gastric myoelectric ac-

Fig 2. The change in postprandial spectral power of the normal (3 cpm) gastric slow wave for individual astronauts.
Astronaut 2 showed an abnormal decrease in postprandial power preflight.
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tivity in humans during spaceflight. Crewmembers
exhibited abnormal postprandial decreases in the
spectral power of the normal gastric slow wave. This
observation is consistent with patients who exhibit
delayed gastric emptying (15–19). Following recovery
of appetite and resolution of SMS symptoms by FD3,
postprandial gastric myoelectric responses returned
to normal. Dysrhythmic gastric myoelectric activity
concomitant with episodes of nausea and vomiting

was also clearly observed. Decreased gastric emptying
(6) and increased mouth-to-cecal transit time (7)
occur in motion-sick subjects on earth. Moreover,
gastric hypomotility and the absence of gastric con-
tractions have been observed in association with
tachygastria (34). The relationship between gastric
motility and bradygastria is somewhat less clear.
However, some investigators have observed antral
hypomotility (40) and the absence of antral contrac-
tions (41) in association with bradygastria. These
findings strongly suggest that gastric motility may be
decreased during the first few days of space flight,
both when symptoms are as minor as loss of appetite
and during more significant symptoms of nausea and
vomiting.

Disruption of gastric motility has implications for
nutrient absorption and for administration of oral
medications, both in clinical settings and in the space
flight environment. The physically and mentally de-
manding conditions of space flight make adequate
nutrition particularly important for work perfor-
mance. A variety of physiologic changes occur in
microgravity that often require pharmacologic inter-
vention (eg, nasal congestion, back pain, and SMS).
Decreased gastrointestinal motility could adversely
affect drug absorption and bioavailability of orally
ingested medications, potentially reducing their effec-
tiveness. It is, therefore, important to understand
changes in gastrointestinal function during space
flight.

This investigation demonstrated the feasibility
and potential value of using a noninvasive tech-
nique for recording gastric myoelectric activity in
active astronauts over long periods of time. Clearly,
additional space flight research is needed to con-
firm these preliminary findings. Further work is
needed to characterize the temporal relations be-
tween the onset of gastric dysrhythmic activity and
subjective reports of nausea and/or vomiting (par-
ticularly without prodromal symptoms). The cur-
rent technology for ambulatory recording of the
EGG is adequate for research aimed at improving
our understanding of changes in gastric function
during space flight, but it is not adequate for use as
a medical monitoring tool. In order for this tech-
nology to be a useful monitoring tool that can aid
flight surgeons in pharmacologic treatment deci-
sions (concerning route of drug administration) or
provide an early warning of SMS symptom devel-
opment, it needs to be capable of real or near
real-time data analysis.

Fig 3. The percent distribution of spectral power for the three
frequency ranges of the gastric myoelectric activity: bradygastria
(0.9–2.04 cpm), tachygastria (4.08–9.6 cpm), and normogastria
(2.34–3.78 cpm). (A and B) The percent distribution of spectral
power before and after two episodes of nausea in the same crew-
member. (C) The percent spectral power before and after a vom-
iting episode experienced by a different crewmember.
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Fig 4. The running spectra of the EGG for one of the nausea episodes for 30 min before and
30 min following the report of nausea; negative values on the x axis (time to nausea) are the
minutes prior to nausea and the positive values are the minutes following nausea. Each
segment of the spectra overlaps the previous one by 75%, resulting in 51.2 sec of new data
in each segment.

Fig 5. The running spectra of the EGG for the vomiting episode for 30 min before and 30 min
following the report of nausea; negative values on the y axis (time to vomiting) are the minutes
prior to vomiting and the positive values are the minutes following nausea. Each segment of the
spectra overlaps the previous one by 75%, resulting in 51.2 sec of new data in each segment.
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