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Al Detects the Body Position and Movements of Home
Blood Transfusion Patients, Maintains the Patient's QoL
while Improving the Safety of Treatment

Wakayama Medical University Hospital is conductingresearch onasystemthat uses the OpenVINO toolkit and
2D human pose estimation models to determine a patient’s movements duringhome blood transfusions, such
aswhentheygetup orbendtheirelbow. The system can then notify aremote physician when suchmovement
occurs, whichis expectedtoimprove the safety of home blood transfusiontreatment.
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Challenge: While home blood transfusionis becomingcommontoimprove
the patient’s QoL, aphysician’simmediateresponseisrequiredifadverse
eventsoccur.

Toeasethe burden on patients suffering from hematological diseases such as
myelodysplastic syndrome, aplastic anemia, leukemia, multiple myeloma, and malignant
lymphoma, some medicalinstitutions have begun to offer at-home blood transfusions,
where atransfusion to supplementinsufficientred blood cells and platelets is performed at
apatient’shome. Although in-hospital blood transfusionis preferred, home transfusions aim
toimprove patients’ quality of life (QoL) for those who find it difficult to be hospitalized
orcometothehospitalonaregularbasis.

However, due to the possibility of adverse events occurring during blood transfusion therapy
(ranging fromallergic reactions such as fever and itching to hypotension and dyspnea),
patients must be accompanied by aphysician, nurse, or an attendant (generally a family
member) during and after the transfusion.'If one of these adverse events is observed while
the patient's attendantis present, they mustimmediately alert a physician.

Wakayama Medical University Hospital's Dr. Akinori Nishikawa (Associate Professor,
Division of Blood Transfusion) and his team are now utilizingtechnology in order to further
facilitate the discovery and handling of such adverse events.

"Because physicians needto make house calls to other patients, itis unrealistic forthem to
stay with each patientuntilthe blood transfusionis completed. Once the transfusion has
started, the task of overseeing the patientis generally left to the attendant or a visiting nurse.
However, since attendants do take their eyes off the patient to undertake household chores,
etc., we decided touse technology to monitor the patient's condition and help improve
safety,” Dr. Nishikawa said.

Thefirst initiative undertaken by Wakayama Medical University was remote monitoring

of vital signs. In this project, the patientis fitted with an electrocardiograph on the chest and
apulse oximeter ontheindexfinger. The system collects the data, and transmits it via
Bluetooth to abedside smartphone, which sends the data viaa4Gnetwork to the hospital
where it can be monitored by a clinician.

Dr. Nishikawa explained the progress of hisresearch. “We tested the system on several
consenting patients and discovered some issues. Body movements such asturningoverin
bed created noiseinthe electrocardiograph, and occasionally cold fingertips prevented the
collection of accurate data by the pulse oximeter. We therefore investigated whether we
could combine Al with video to identify patient movements.”



Solution: Intel Distribution of OpenVINO™ toolkit is
adopted for video recognition to detect dangerous
movements during blood transfusion.

Dr.Nishikawa decidedto use videorecognition with deep
learning to detect patient movements, such asthose listed below,
during transfusions.

=*Getting up or standing up during ablood transfusion, which can
lead to falls or accidental removal of blood transfusion tubes

*Bending of an upper extremity (right or leftarmin which the needle
isinserted) thatmay lead to poorinstillation or obstruction

“Some patients of anadvanced age with declining cognitive
function may be unabletofollowinstructions such as 'please do not
getupduringthetransfusion’ or '‘please donotbendyourarm.’'By
detectingthese harmful movements that cannotbe determined by
vitalmonitoring alone, we hope to further enhance safety during
bloodtransfusions,” Dr. Nishikawa said.

Dr. Nishikawa adoptedthe OpenVINO™ toolkit to detect harmful
movements duringhome blood transfusions. "When meeting with
staff fom htel & the Japan Association for Medical hformatics,

we were given ademonstration of pose detection using the
OpenVINO™toolkit. We felt that the toolkit would be easy to use,
evenifoneisnotfamiliar with deep learning, as various pre-trained
modelsare provided as samples.”

OpenVINO™toolkit with astandard model:
a2Dhuman pose estimationmodelis adopted
todetermine body position.

The OpenVINO toolkit performs optimization so thatinference
models developed on otherdeep learning frameworks can be
executed onhardware platforms such as Intel® processors.
Standard pre-trained models are also provided for the purpose
of demonstration or evaluation, and aframeworkis not required if
usingthese models.

Thetoolkit provides object detection models for people,
vehicles, and other objects, as well as object recognition models,
human tracking models, semantic segmentation (classification)
models, instance segmentation models, human pose estimation
models,image processing models, character detection models,
characterrecognition modelsincluding handwriting, and
mathematical formulas and motionrecognition models.

Ofthese, Dr.Nishikawa focused on a 2D human pose estimation
model (model name: “human-pose-estimation-0001"),

which detectsthe ears, eyes, nose, neck, shoulders, elbows,
wrists, leftandright pelvis, knees, and ankles, fromahuman’s
image for atotal of 18 key points.

Human-pose-estimation-0001was developed using Carnegie
Mellon University's OpenPose technology, which estimates
human joints.Itis based onaconvolutiontechnique called
MobileNet vl,which greatly reduces computational complexity,
allowing pose estimationto be performed at practical speedson
ordinary PCs.

How it works: A unique algorithm using Python is installed
to determine body position. Getting up or bending of an
upper extremity is detected and the physician is notified.

Anoverview ofanabnormal movement detection system forhome
bloodtransfusion patientsis showninFIG.1. Asmartphoneis
placed atthe bedside of a patient who has given consent,aPC at
Wakayama Medical University Hospital receives video viaZoom,
andthe OpenVINO™toolkit's human pose estimationmodeland the
algorithmis usedto detect any dangerous movements, whichare
thenflaggedfor physicianreview. The physiciancancheckthe
footage of the patient ontheir Zoom smartphone app and contact
the patient's attendantas well as perform any other necessary
measures, including another house call.

patients developed by Wakayama Medical University Hospital
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FIG. 1. Overview of detection system of dangerous movements of home blood transfusion

Internet-based
Zoomvideo

Patient's home

2.Videoreceived viainternet

Detection System

3. Footage analyzed using Al

Physician making house calls
to other patients

|
Wakayama Medical 4.Changesinbody 5.Message
University Hospital position detected received
Notification Footage
Abnormal Movement message sent checked

1554

< ]
#ERmEEOBERDS D

outaikenchi 45

T

BMRICELEL B soeee

wl 4G K

]




Figure 2. Flowchart of the algorithm that determines
body position from the output (right) by 2D human pose
estimation models of the OpenVINO toolkit
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Figure 3. Results from the trial operation
of the abnormal movement detection system
in14 instances of home blood transfusions
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Thefirst step required in detecting abnormal movements of ahome
bloodtransfusion patientis discerningthe position of theirbody:
whetheritis decubitus, seated, orerect.

"Thevideotaken by acameraplacedatthe bedsideissenttothe
OpenVINO™toolkit's human pose estimationmodel via Zoom.
Thetilt of the head/neck, upper body/trunk and thighs are
calculated fromthe coordinates of each key point output by

the model,and are used to determine the body position”,

Dr. Nishikawa said.

Anoverview of the algorithmis showninFIG. 2. When a patient
isunderablanketandonly the angle of the neck canbe observed,
the flow is constructed so that the patient is determined to be in
a"decubitus” positionifthe neckangleis atacertain value or below,
andisdeterminedtobeina"seated" positionifthe neckandtrunk
are erectandthethighangleisclose to horizontal. However,

since the pose estimation model output may output “noise”

(false estimation), the positionis determined by taking the average
of 500data points (equivalent to approximately 60seconds

of monitoring).

When the body position changes (for example, from decubitus
to seated), orwhen anupper extremity is bent for three minutes
or more, the physician is notified with amessage, asseeninthe

bottom left of FIG. 1.

CYBERLINKS CO.,LTD.wasresponsible for building the platform
based onthe OpenVINO™toolkitandinstalling the algorithm with
Python. YoshikiKusumoto of CYBERLINKS said, "The I0th Gen. Intel®
Core™ processor family have been adopted by Wakayama Medical
University Hospital for their abnormalmovement detection system.
Furthermore, there were no problemsinstalling ofthe OpenVINO
toolkit orusingthe human pose estimationmodel." He alsoindicated,
"We canseenew possibilities for Aldeploymentsthatdon’trequire
expensive GPU servers, butcanbe programmedonPCs with general-
purpose CPUs."

Result: 14 trials of home transfusions revealed
approximately 90% match between actual body position
of apatient and system determination.

Atrial operation of the prototype system was conducted with the
cooperation of Akasaka Clinic (Nada-ku, Kobe-shi), whichis actively
involvedinhome blood transfusions. Theresults of 14home blood

transfusions are shownin FIG. 3. The blue graph shows the number
oftimes amessage was sentto aphysician whenthe system
determined achangeinbody position,and the orange graph shows
the number of matches betweenthe determination andthe patient’s
actualbody position obtained whenthe physicianreceived
amessage and checkedthe video.

Thematchrate betweenthe determinationandthe actualbody
positionregarding decubitus and seated positions was around 90%,
confirmingthatdeterminations were made with almost problem-free
accuracy. However, inthe erect position, standing poses were not
recognized, even when checkingthe video after notification.

Dr. Nishikawa explains, "When the patientis sitting near the front
oftheinstalled camera, the angle of the thigh appearsto be almost
vertical. Therefore, the body positionis determinedtobe erect,
evenifthe patientisn't standing, due to the combination of the current
human pose estimation model and determination algorithm.”

AsshownintherightcolumninFIG. 3,the average number

of messages sentduringthe 14 home blood transfusions was 7.5.
Dr. Nishikawa believes that this frequency can be handled even

by physicians making house calls to other patients. Although the
maximum number of messages was 18, the system was set to notify
the physician every three minutes when bending of anupper
extremity was detected for three minutes orlonger. The number
of messagesincreased as the patient’'sarm was bent for
asustained period.

Although someincorrect determinations were observed,

Dr. Nishikawa noted that "the foundation of home blood transfusions
ishaving an attendant present. This system and vital monitoring

are only additional support. We believe that we have validated

the basic functions and performance, without the need for split-
seconddecisions.”

Theresearch was undertaken with the support of the Clinical
Research Promotion Project by the Japan Society of Transfusion
Medicine and Cell Therapy, and theresults were presented at the
69th Annual Meeting of the Japan Society of Transfusion Medicine
and Cell Therapy in June 2021.



Goingforward, Dr. Nishikawa will continue to work on detecting Thereisongoing support for home bloodtransfusion, including

sudden changesinbody position (getting up or standing) safety and operation, althoughitremainsuncommondueto the
thatare highly likely toresultinfalls. Heisalsoimplementing a burden of treatment on medical services. Meanwhile, as Japan's
processtoidentify adverse events using existing PCs at Wakayama population continuesto age, the need to stay athome whilereceiving
Medical University Hospital. He also has plans to study so-called in-home medical careis expectedto grow. More medicalinstitutions
edge computing operations, where a small PC equipped with the may be encouragedtointroduce home bloodtransfusionthrough
OpenVINO™toolkit, decision-making algorithms, and vital Dr.Nishikawa'sresearch onimproving patient care and safety,
monitoring functions would be installedin the patient'shome. andreducing burden on patient attendants.

The Intel® Distribution of OpenVINO™ toolkit optimizes the development of deep learning applications.

TheIntel®Distribution of OpenVINO™ toolkitis an open-source Thetoolkitcanrunonintel® Xeon® processors, the Intel® Core™
platform designed for developers and data scientists to speed processor family, Intel® Movidius™ Myriad™ X Vision Projector
up the development of high-performance computing vision Units (VPU), or Intel® Processor Graphics Units (GPU).

anddeep learning applications. Based on convolutional neural
networks (CNNs), itincludes a model optimizer for frameworks

like Caffe and TensorFlow, aninference engine for computing @ enVI N@
visionaccelerators,andacommon APl for Intel® hardware.

*I: The Japan Society of Transfusion Medicine and Cell Therapy, "Home Red Blood Cell Transfusion Guide,” October 2017
*2: https://docs.openvinotoolkit.org/latest/index.html
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