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Procedures and Instruments

Handheld Point-of-Care Ultrasonography
for Gynecology
Insights Into Space Travel Through Parabolic Flight

Begum Mathyk, MD, Shawna Pandya, MD, Heather Wright Beatty, PhD, Matthew L. Anderson, MD, PhD,
and Adrian Kohut, MD

BACKGROUND: Imaging plays a critical role in evaluat-

ing gynecologic emergencies. However, access to such

technology is limited in austere environments such as

spaceflight. Portable point-of-care ultrasonography (PO-

CUS) offers rapid diagnostic capabilities potentially use-

ful for supporting women’s health. However, the

feasibility of using portable POCUS for gynecological

imaging in spaceflights characterized by shifts in weight-

lessness has not been previously evaluated.

INSTRUMENT: Transabdominal ultrasonography was

undertaken to assess the feasibility of using portable

POCUS for gynecologic scans during a parabolic flight.

EXPERIENCE: Despite rapidly alternating gravitational

changes and the close proximity of other crew members,

a participant successfully obtained clear diagnostic im-

ages of the uterus and measured three-dimensional

bladder volumes during a parabolic flight aboard a Falcon

20 aircraft without privacy concerns. During the hyper-

gravity phase (approximately 2 G) of the flight, heavier

upper-extremity movement and probe positioning cre-

ated challenges to successful imaging. However, mini-

mizing head movement helped to stabilize the

vestibular system during gravity changes, successfully

mitigating symptoms such as vertigo, nausea, and dizzi-

ness. This strategy facilitated smoother transitions

between gravitational forces and enabled the participant

to obtain uterine imaging during the microgravity phase

of the flight.

CONCLUSION: The use of a handheld portable POCUS

device is feasible during parabolic flight, establishing an

important precedent useful for supporting women’s

health in space. Future technology needs to incorporate

training models, augmented reality, and advanced artifi-

cial intelligence–based tools to direct self-scanning capa-

bilities for participants who do not have medical

experience.

(Obstet Gynecol 2025;00:1–7)

DOI: 10.1097/AOG.0000000000006009

Gynecologic emergencies can occur at any age and
are a leading cause of hospital admissions among

women. These conditions affect both nonpregnant and
pregnant populations. Common symptoms include
abnormal bleeding, abdominal or pelvic pain, and,
in severe cases, sepsis or hemorrhagic shock and
death. In the United States, according to the National
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Hospital Ambulatory Medical Care Survey report
from 2016 to 2021, more female individuals were
admitted to the emergency department (ED) than male
individuals, with an average annual difference of 20
million visits.1,2 Diseases of the genitourinary system
consistently rank among the top 10 leading diagnoses
in ED visits and tend to affect female individuals
more, resulting in an average of 2–3 million addi-
tional visits annually. Among female individuals 15–
64 years of age, abdominal pain was the primary rea-
son for ED visits, accounting for 6,184,000 admis-
sions. This was followed by pregnancy-related
complications.3 Even among women 65 years of age
and older, abdominal pain remained the second most
common reason for ED admissions. Causes of
abdominal pain in women are myriad and include
cancer, cysts, adnexal torsion, abscess, pelvic inflam-
matory disease, and pregnancy. Although many of
these conditions are newly diagnosed and acute,
chronic or previously identified conditions such as
leiomyomas, adenomyosis, polyps, endometriosis,
and gynecologic cancer can also present with acute
exacerbations of abdominal or pelvic pain. This can
occur despite the use of hormonal contraceptives or
suppression to manage their symptoms. Early detec-
tion is essential to reduce morbidity and mortality in
emergencies, especially in austere environments
where access to advanced medical care is limited.
Furthermore, although imaging technologies are read-
ily available in hospital settings and are routinely used
to diagnose gynecologic emergencies, access to such
tools is often limited in austere environments.

In remote and austere environments such as
space missions, accurate and timely evaluation of
gynecologic emergencies is vital to ensuring the safety
of both crew members and mission operations.4

Given the increasing frequency of space travel and
ongoing missions to the moon, along with a more
diverse population of travelers, there is a growing
need for improved medical preparation and acute
patient care. Multiple devices have been developed
that allow ultrasonography to be performed at point
of care.5–9 Personal device–based POCUS devices are
compact and portable ultrasound probes that use per-
sonal devices such as cell phones and tablets for
power, image display, and storage. Several of these
devices have previously been shown to possess excel-
lent predictive capabilities of gynecologic imaging by
confirming early intrauterine pregnancies, even when
used by practitioners with limited ultrasonographic
experience or training.7 These results were compara-
ble with those from transvaginal ultrasonograms per-
formed by experienced hospital staff.7,10 Point-of-care

ultrasonography (POCUS) can be interpreted directly
by the health care professionals or remotely through
teleultrasonography. Teleultrasonography involves
acquiring images in resource-limited settings and
transmitting them through a telemedicine platform
for expert review and reporting. This process yields
quick results within a short duration.11 Although tele-
medicine and remote reporting systems are accessible,
it is essential to emphasize the role of independent
visualization and reporting of gynecologic conditions,
particularly through self-scanning and interpretation
models. This becomes more crucial in scenarios such
as communication delays beyond low-Earth orbit mis-
sion and disasters when telecommunication systems
are impaired.12

In space, ultrasound imaging has previously been
used on a variety of organ systems.13,14 At the Inter-
national Space Station, POCUS successfully diag-
nosed emergencies such as jugular vein thrombosis
and aided in the early diagnosis and monitoring of
treatment.15 Currently, the utilization of gynecologic
ultrasonography during spaceflight is not well
explored, indicating a gap in knowledge of diagnosing
and monitoring women’s health conditions. To
address these gaps and to enhance the utilization of
ultrasonography for diagnosing gynecologic emergen-
cies and monitoring known conditions, there is a need
to study the portable handheld POCUS during space-
flight. This research is particularly important consid-
ering the rising presence of women in space because it
provides the necessary medical support and insight to
address female-specific health care needs, ensuring the
safety of the entire crew.

METHOD

In the current proof-of-concept project, a parabolic
flight at the National Research Council in Ottawa,
Ontario, Canada, was conducted to assess the feasibil-
ity of performing a self-gynecologic ultrasonography
under weightlessness, simulating a space environ-
ment. A modified Falcon 20 aircraft was used to create
a microgravity environment through parabolic flight.
This specially modified business jet flew parabolic
arcs to produce about 18–20 seconds of nearly 0-G
acceleration force (weightlessness) per parabola. This
parabolic maneuver is initiated and terminated with
a pull-up and pullout of about 2 G (Fig. 1), and the test
flight consisted of nine parabolas (Fig. 1 and Video 1).
The flight crew members consisted of scientists con-
ducting experiments, a flight test engineer, and pilots.
During the hypergravity phase (about 2 G) of the
parabola, the Butterfly iQ3 POCUS device was con-
nected to the cell phone application, which was set to
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airplane mode. A participant performed a transabdo-
minal self-scan of her lower abdomen during the
microgravity phases (weightlessness) of a parabolic
flight (Figs. 2 and 3). The protocol involved applying
gel to the suprapubic area with a full bladder. The
probe was positioned so that the bladder was captured
at its widest dimensions and was centered on the
screen. An automated pointer in the screen guided
the operator to center the bladder for optimal mea-

surement. The auto bladder volume tool detected
a bladder volume of 638 mL within the 20 seconds
of microgravity during one parabola (Video 2). The
preflight bladder volume was not measured because
of the time gap between the preflight and the first
parabola. After completion of the bladder scan, dur-
ing a separate parabola, the ultrasound probe was
repositioned to obtain sagittal and transverse views
of the uterus. The participant successfully completed

Fig. 1. Parabolic flight path. KIAS, knots indicated airspeed; NM, nautical miles. National Research Council Canada. Used
with permission.

Mathyk. Handheld POC Ultrasonography for Gynecology. Obstet Gynecol 2025.

Fig. 2. Microgravity environment.
Artist and graphic designer: Urban
Koi. Used with permission.

Mathyk. Handheld POC Ultrasonogra-
phy for Gynecology. Obstet Gynecol
2025.

VOL. 00, NO. 00, MONTH 2025 Mathyk et al Handheld POC Ultrasonography for Gynecology 3



a self-scan of the uterus within 20 seconds of entering
microgravity, obtaining clear images of the uterus,
fundus, myometrium, endometrial lining, and cervix
(Fig. 4 and Video 3). The ultrasound probe rotated
90° counterclockwise for a transverse view while also
viewing the adnexa. Toward the end of the micrograv-
ity phase of the parabola, the postparabola pullout
hypergravity phase began. During this phase, imaging
became challenging, and the participant experienced
nausea, preventing the adnexa from being adequately
visualized within the microgravity window. The
experiment assessed ease of use, privacy, time
required for image acquisition, and image quality dur-

ing the microgravity phases of flight. The data were
captured and stored in the software application with-
out an internet connection because the personal cell
phone was in airplane mode. The quality of the im-
ages was sufficient to exclude the presence of macro-
scopic masses such as leiomyomas and to delineate
the borders of the endometrial lining. During the scan,
images were obtained, clicked to save, and automati-
cally saved to the cell phone software application.
During the study, the participant needed to adapt to
spatial orientation and coordination under weightless-
ness and to manage the physiologic cardiovascular
responses to altered gravity.

Fig. 3. Point-of-care ultrasonogra-
phy (POCUS). Artist and graphic
designer: Urban Koi. Used with
permission.

Mathyk. Handheld POC Ultrasonogra-
phy for Gynecology. Obstet Gynecol
2025.

Fig. 4. Pelvic ultrasonogram. Artist
and graphic designer: Urban Koi.
Used with permission.

Mathyk. Handheld POC Ultrasonogra-
phy for Gynecology. Obstet Gynecol
2025.
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Video 1. Parabolic flight operations. KIAS, knots indicated air-
speed. National Research Council Canada. Used with permission.

Scan this image to view Video 1 on
your smartphone.

Video 2. Bladder imaging and sonogram under weightlessness.
Artist & Graphic Designer: Urban Koi. Used with permission.

Scan this image to view Video 2 on
your smartphone.

Video 3. Portable point-of-care ultrasound use during weight-
lessness. Artist & Graphic Designer: Urban Koi. Used with per-
mission.

Scan this image to view Video 3 on
your smartphone.

EXPERIENCE

This proof-of-concept project has successfully demon-
strated the feasibility of using portable POCUS to
image the female reproductive tract during micro-
gravity phase of a parabolic flight (weightlessness).
The participant performed a self-transabdominal scan
within the 20-secondmicrogravity phase of a parabolic
flight, obtaining clear sagittal images of the uterus,
fundus, myometrium, endometrial lining, and cervix.
There were no concerns about privacy during the
gynecologic ultrasonography with the transabdominal
probe, even in the presence of other crew members on
the aircraft. Participants also subjectively self-assessed
the use of the handheld probe under weightlessness,
noting challenges related to movement during gravi-
tational changes and physiologic responses experi-
enced during the parabolic flight. The human body
experiences significant physiologic changes during
gravitational transitions, with the cardiovascular sys-
tem being particularly affected by alterations in
G-forces during flight. During the ultrasound scan,
the participant noted cardiovascular changes,
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including a sensation of fluid shifting from the lower
extremities to the upper body and an increased sense
of pressure. During the hypergravity phase, the par-
ticipant felt pressed down into the seat, with pooling
of blood in the lower extremities. Simultaneously, the
movement of the upper extremities and the ultra-
sound probe felt heavier, adding to the challenges of
imaging during this phase. In the microgravity phase,
the participant experienced weightlessness and fluid
shifts in the body and began a whole-body float. It
is recommended to minimize head movement during
gravity changes to stabilize the vestibular system and
to mitigate vertigo, nausea, and dizziness. Minimizing
head movement helped and reduced the risk of sen-
sations such as dizziness or pressure changes in the
head and neck; thus, the participant experienced bet-
ter transition between gravitational forces and com-
pleted the uterine scan.

DISCUSSION

This article reports gynecologic imaging during
weightlessness in the microgravity phase of a parabolic
flight. Our study was designed as a proof of concept to
assess the feasibility of using a portable POCUS for
gynecologic imaging in microgravity. Our experience
has further shown that patient privacy is not an
obstacle when transabdominal gynecologic imaging
is used as the primary imaging modality. Further-
more, the participant experienced differences in her
spatial orientation, including hand–eye coordination,
during the scan because gravitational changes can
affect these sensations differently as a result of vestib-
ular system adaptation and cardiovascular changes.
This was the participant’s first parabolic flight experi-
ence. Thus, the study was limited by the inability to
complete the full gynecologic scan, including visuali-
zation of the adnexa, because of the participant’s nau-
sea and the timing of the scan, which was conducted
after exposure to multiple parabolas. In the future, the
participant plans to repeat the test at the beginning of
the flight, potentially with the use of premedication. In
addition, it will be important to test the portable PO-
CUS with less experienced ultrasound users and to
develop algorithms to guide users for correct imaging.

Gynecologic emergencies are a leading cause of
hospital admissions on Earth and could present
significant risks in austere environments, including
space travel, where emergencies need to be managed
autonomously. Because participation of women in
spaceflights to date has been significantly lower
compared with men and with no woman having yet
set foot on the moon, it remains unknown how
frequently gynecologic emergencies may ultimately

arise. However, the prevalence of gynecologic emer-
gencies in earthbound medical settings suggests that
planning for their management in space should be
a serious consideration. Notably, upcoming missions
aim to increase female participation in space explora-
tion, including all-female astronaut crews and the first
female astronaut to fly to the moon as part of the
Artemis program. Given these developments, it is cru-
cial for space missions, particularly those of longer
durations, to establish well-defined protocols for ad-
dressing potential gynecologic emergencies. This in-
cludes ensuring that medical personnel are adequately
trained and equipped to manage such conditions
within the unique environment of space. Access to
diagnostic tools such as portable POCUS is critical
for ensuring timely evaluation and intervention.

Curriculum development for POCUS has been
conducted in air flights and helicopter emergency
medical services for extended focused assessment with
ultrasonography in trauma16; however, there is a need
to focus on gynecologic conditions. Current literature
on the use of POCUS in obstetrics and gynecology
primarily emphasizes its application in pregnancy.
Portable POCUS has demonstrated utility in a variety
of clinical applications, including the confirmation of
early pregnancies, detection of abnormal pregnancies,
and identification of gynecologic conditions such as
ovarian cysts and pelvic free fluid.7,10 The Pedersen
et al7 study demonstrated that in the first trimester the
use of a portable POCUS device had a sensitivity of
73% for detecting fetal heart tones, and the positive
predictive value for identifying abnormal pregnancies
was 100%. Notably, these results were achieved by
practitioners with limited training and without a sub-
specialty license in gynecology, demonstrating the
practicality of the technology and its potential for
broader applications in diverse and austere environ-
ments. The implications of portable POCUS are cru-
cial from a gynecology standpoint, including the
assessment of early pregnancy and its complications
(ie, confirming intrauterine pregnancy, ectopic preg-
nancy, and miscarriage); diagnosis and monitoring of
acute and chronic gynecologic conditions such as
ovarian torsion, hemorrhagic cysts, tubo-ovarian
abscesses, leiomyomas, and benign or malignant
adnexal masses; and follow-up of interventions (ie,
intrauterine device malposition).

During space travel, access to comprehensive
medical facilities has been almost universally limited,
necessitating adaptation of existing diagnostic tools
for use under these conditions. In addition, in the
setting of communication delay (ie, Mars missions
one-way 20-minute delay)12 or communication
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network failure (eg, natural disasters on Earth), inde-
pendent self-evaluation of medical conditions and
emergencies is crucial. Future tools, including artifi-
cial intelligence–guided image capturing and aug-
mented reality, should be developed to assist and
guide less experienced users in managing emergencies
in such settings. Such innovations would be invalu-
able in austere environments, including spaceflight,
in which access to advanced health care and specialist
care is limited.
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