US 20180177464A1

a9y United States

12 Patent Application Publication o) Pub. No.: US 2018/0177464 A1

DeBusschere et al,

43) Pub. Date: Jun, 28, 2018

(54)

(71)
(72)

1)

22)

(1)

(52)

OPTICAL CENTRAL VENOUS PRESSURE
MEASUREMENT

Applicant: Google, Inc., Mountain View, CA (US)

Inventors: Brian Derek DeBusschere, Los Gatos,
CA (US); James Moad Reid, Mountain
View, CA (US); Jeffrey L. Rogers, San
Carlos, CA (US)

Appl. No.: 14/715,793

Filed: May 19, 2015
Publication Classification
Int. CI.
AG6IB 5/00 (2006.01)
A6IB 5/021 (2006.01)
A6IB 5/107 (2006.01)
AG6IB 5/0205 (2006.01)
U.S. Cl
CPC ... A61B 5/7278 (2013.01); A61B 5/02416

(2013.01); A61B 5/02125 (2013.01); A61B
5/725 (2013.01); A61B 5/742 (2013.01); A61B
5/7475 (2013.01); A61B 5/1072 (2013.01);
A61B 5/1079 (2013.01); A61B 5/7246
(2013.01); A61B 5/7275 (2013.01); A61B
5/0205 (2013.01); A61B 5/7285 (2013.01);

100 —\

Person
102

110< 114
:’7\ —\ :

A61B 5/6898 (2013.01); A61B 5/0075
(2013.01): 461B 5/0013 (2013.01); A61B
2576/00 (2013.01); A61B 5/0077 (2013.01)

(57) ABSTRACT

This document describes optical central venous pressure
measurement. To determine the central venous pressure
(CVP) of a person optically, video of a right side of the
person’s neck is captured. By way of example, a medical
professional records a video of the right side of the person’s
neck using a smartphone. The right side of the person’s neck
is captured because it is where the person’s external and
internal jugular veins are located and pulsatile motions that
are usable to measure CVP occur in those veins. The video
is then processed according to video motion amplification
techniques to generate a reconstructed video of the right side
of the person’s neck. In the reconstructed video, the pulsatile
motion of the person’s venous system that occurs at the right
side of their neck is visually amplified. Using the recon-
structed video, measurements are made of a distance
between a peak of the visually-amplified pulsatile motion
and an anatomical feature of the person. The measured
distance between the peak of the visually-amplified pulsatile
motion and the anatomical feature is used to determine CVP
of the person. These techniques enable CVP to be deter-
mined without relying on estimates made by medical pro-
fessionals.
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OPTICAL CENTRAL VENOUS PRESSURE
MEASUREMENT

BACKGROUND

[0001] As part of treating patients, and more importantly
patients that are critically ill, medical professionals evaluate
and address patients’ hemodynamics. One of the measure-
ments that is useful to medical professionals in evaluating a
patient’s hemodynamics is central venous pressure (CVP),
which is the blood pressure in the thoracic vena cava near
the right atrium of a patient’s heart. Since the CVP is
essentially the same as the right atrial pressure, CVP is an
important clinical measurement of the right ventricle’s fill-
ing pressure. This filling pressure determines the preload of
the right ventricle, which directly impacts stroke volume
through the Frank-Starling mechanism. A standard first
order model predicts that a change in CVP is equal to a
change in volume divided by a change in venous compli-
ance. To this extent, CVP is increased by venous blood
volume or by an increase in venous tone. Such increases in
CVP can indicate hypervolemia, heart failure, or respiratory
problems for a patient.

[0002] Conventional techniques for measuring CVP are
not without their drawbacks, however. Some conventional
techniques for measuring CVP are invasive, for example,
and involve inserting a catheter into the subclavian or
internal jugular vein with a tip positioned in the vena cava
just before the right atrium. While this invasive testing can
exactly measure a person’s CVP, doing so is expensive and
involves significant trauma and stress on the person. On the
other hand, noninvasive techniques for measuring CVP are
inconsistent due to variations in the skill level and tech-
niques across medical professionals. Generally, noninvasive
CVP measurement requires the medical professional to
visually estimate a peak height of pulsatile waves (rise of
blood observable through pulsatile motion) in a person’s
external or internal jugular vein, and then to measure this
height against the person’s sternal angle. Such techniques
are inconsistent because they rely on a difficult-to-make
visual estimate, made by a particular medical professional,
as to where the pulsatile wave ends and the height based on
the sternal angle. Further, to make these measurements,
medical professionals undergo a significant degree of train-
ing. As such, they are performed almost solely by skilled
physicians, making their use outside a clinic or hospital
environment cost prohibitive. The drawbacks of both the
invasive and non-invasive CVP-measuring techniques ren-
der them less than ideal in many cases.

SUMMARY

[0003] This document describes optical central venous
pressure measurement. To determine the central venous
pressure (CVP) of a person optically, video of the person’s
neck is captured. By way of example, a medical professional
records a video of a right side of the person’s neck using a
smartphone. The right side of the person’s neck is preferably
captured because it is where the person’s external and
internal jugular veins are located and those veins fill verti-
cally based on the CVP. The right side is preferable to the
left side since it is closer to the right atrium. It is also
preferable to capture the internal jugular vein over the
external jugular vein since it has a more direct path to the
atrium. The video is then processed according to video
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motion amplification techniques to generate a reconstructed
video of the right side of the person’s neck, e.g., by an
application on the smartphone of the medical professional.
In the reconstructed video, the pulsatile motion of the
person’s venous system that occurs at the right side of their
neck is visually amplified. In other words, subtle pulsatile
motions that may not have been perceptible to the human
eye are amplified in a manner that enables these motions to
be observed. Additionally, a vertical orientation of the
person’s anatomy is measured, for example, using at least
one of background reference features or integrated orienta-
tion sensors in the smartphone.

[0004] Using the reconstructed video, measurements are
made of a distance between a peak of the amplified pulsatile
motion and an anatomical feature of the person, e.g., a
mandibular angle. or ear lobe of the person. The measure-
ments are made, for example, during respiratory pauses of
the person, which can be ascertained by analyzing the
reconstructed video to determine the person’s breathing rate.
At any rate, the measured distance between the peak of the
amplified pulsatile motion and the anatomical feature is
combined with the vertical orientation of the anatomy and
the known distance from the anatomical feature to the
sternal angle to determine CVP of the person. While deter-
mining CVP from a reconstructed video in which pulsatile
motion is amplified may not result in data that is as accurate
as an invasive intra-heart test, for example, it requires little
if any risk to the person and is easy for a medical profes-
sional to perform. Further, the techniques described herein
enable determination of CVP to be made automatically and
without relying on estimates made by skilled medical pro-
fessionals.

[0005] This summary is provided to introduce simplified
concepts concerning the techniques, which are further
described below in the Detailed Description. This summary
is not intended to identify essential features of the claimed
subject matter, nor is it intended for use in determining the
scope of the claimed subject matter.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] Embodiments of techniques and devices for optical
central venous pressure measurement are described with
reference to the following drawings. The same numbers are
used throughout the drawings to reference like features and
components:

[0007] FIG. 1illustrates an example environment in which
the techniques can be implemented.

[0008] FIG. 2 illustrates an example of a person and
portions of their cardiovascular system pertinent to central
venous pressure (CVP) measurement.

[0009] FIG. 3 illustrates an example CVP-measuring
device of FIG. 1.

[0010] FIG. 4 illustrates a method to optically measure
CVP with a video recording of a right side of a person’s
neck.

[0011] FIG. 5 illustrates a method to determine a trend in
a person’s cardiovascular health using multiple CVP mea-
surements determined at different times with different video
recordings.

[0012] FIG. 6 illustrates an example computing system
embodying, or in which techniques may be implemented
that enable use of, optical central venous pressure measure-
ment.
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DETAILED DESCRIPTION

Overview

[0013] This document describes techniques using, and
devices enabling, optical central venous pressure measure-
ment. Through use of these techniques and devices, central
venous pressure (CVP) for a person can be measured
noninvasively and with greater reproducibility than the
current clinical protocol that relies on difficult-to-make
visual estimates by medical professionals. Moreover, the
techniques described herein can optionally automate the
measurement and reduce the role of the medical professional
in determining CVP of a person to positioning a CVP-
measuring device in a position where video of the person can
be captured. In some embodiments, the CVP-measurement
can be automated to an extent that enables a person to
self-administer the measurement. Through wide application
of these techniques, CVP measurements can be determined
consistently and without exposing patients to invasive pro-
cedures.

[0014] By way of example, a medical professional can
hold a CVP-measuring device, such as a smartphone con-
figured with a video camera and a CVP-measuring applica-
tion, to capture video of a right side of a person’s neck. The
captured video can then be processed by the application
using one or more video motion amplification techniques,
the result of which is a reconstructed video in which
pulsatile motions of the person’s venous system that occur
in the right side of their neck are visually amplified. In one
example, this reconstructed video, which is motion
enhanced and optionally time stretched (e.g., slow-motion),
can simply be used by the medical professional to manually
identify the peak and make the CVP-measurement using the
current clinical protocols. In at least some implementations,
the CVP-measurement can be automated, as described
herein.

[0015] Using the reconstructed video, components of the
application can measure a distance between a peak of the
visually-amplified pulsatile motions and an anatomical fea-
ture of the person, e.g., the person’s mandibular angle. If the
person’s orientation is allowed to vary, the CVP-measuring
device can also ascertain a vertical orientation of the per-
son’s anatomy during the measurement, such as through
internal orientation sensors of the CVP-measuring device or
using background reference objects. Based on the distance
between a peak of a visually-amplified pulsatile motion and
the anatomical feature along with the vertical orientation of
the person, CVP can be determined. By making a one-time
patient-specific calibration measurement of the distance
between the person’s anatomical feature and the standard
clinical reference feature (e.g., the person’s sternal angle),
the CVP can be translated into the standard clinical reference
absolute measurement. The CVP can then be presented to
the medical professional in a user interface, for example, on
a display of the smartphone of the medical professional. In
some cases, the user interface may display the reconstructed
video and an overlay that presents information, including the
determined CVP, to the medical professional.

[0016] Thus, with the small effort of holding the device in
a position to record pulsatile motion in the person’s venous
system, a consistent assessment of CVP can be made in a
relatively short amount of time. When performed on a
repeated basis and over a period of time (e.g., every few
hours for a day, days, or weeks), this act can be used to

Jun. 28,2018

determine a trend of the person’s CVP. Consider that, over
the course of treatment involving intravenous fluid resusci-
tation, the techniques, using videos captured with the CVP-
measuring device, determine that the person’s CVP has
remained at a level indicative of normal blood flow. Using
such techniques, medical professionals may avoid invasive
CVP-measuring procedures, thereby likely reducing the
chances of injury from the trauma associated with those
procedures.

[0017] This is but one simple example of ways in which
optical central venous pressure measurement can be pet-
formed, other examples and details are provided below. This
document now turns to an example environment that refer-
ences an example of portions of a person’s anatomy perti-
nent to measuring CVP, after which example optical central
venous pressure measurement devices and methods, and an
example computing system are described.

Example Environment

[0018] FIG. 1is an illustration of an example environment
100 in which optical central venous pressure measurement
can be employed. Environment 100 illustrates a person 102
that is the subject of the central venous pressure (CVP)
measuring, as well as medical records 104 that, in some
cases, store results of the optically measured CVP. This
example employs CVP-measuring device 106 that is capable
of optically measuring CVP. In the particular example of
FIG. 1, the CVP-measuring device 106 is configured as a
smartphone, however, other configurations are contem-
plated. Other configurations of the CVP-measuring device
106 for optically measuring CVP are illustrated in later
figures.

[0019] CVP-measurement data 108 is communicable from
the CVP-measuring device 106 to other entities, such as a
service provider that stores the medical records 104, some
other computing device remote from the CVP-measuring
device (not shown), and so on. The CVP-measurement data
108 can include data indicative of CVP determined by the
CVP-measuring device 106. Alternately or additionally, the
CVP-measurement data 108 can include raw video captured
by the CVP-measuring device 106 to determine CVP, recon-
structed video that results from processing the captured
video according to one or more video motion amplification
techniques, measurements of a distance between pulsatile
waves and an anatomical feature of the person 102, and so
forth. Since each of these different types of data (which, in
effect, represent different portions in the process of deter-
mining CVP from captured video) can be communicated to
remote computing devices, the different portions of the
CVP-determining process can be performed at various com-
puting devices. By so doing, the computing burden of
determining the CVP from the captured video is capable of
being offloaded from the CVP-measuring device 106. Addi-
tionally, in the case of home health care or remote telemedi-
cine, communication of the CVP-measurement data 108
enables the measurements to be reviewed for accuracy
remotely by a trained medical professional.

[0020] Generally, the CVP-measuring device 106 is
capable of capturing video of the person 102. By way of
example, the CVP-measuring device 106 captures video of
the person using a camera that is included as part of the
CVP-measuring device 106. After processing the captured
video, the CVP-measuring device 106 is capable of deter-
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mining the person 102’s CVP from the reconstructed video
that results from the processing, as described herein below.
[0021] For context, consider FIG. 2, which illustrates a
person and portions of their cardiovascular system that are
pertinent to CVP measurements. View 200 shows the person
102’s external jugular vein 202, internal jugular vein 204,
and sternal angle 206. The view 200 also shows the right
atrium 208 of the person 102’s heart.

[0022] Using conventional techniques for assessing CVP
noninvasively, the person 102 is placed supine in bed 210.
In some cases, a tangential light source is used to generate
shadows and make vernous motion more apparent. The head
of the bed 210 is raised in increments so that it is angled at
thirty, forty-five, sixty, and ninety degrees. The pulsatile
peak (rise of blood observed through pulsatile motion) is
based on the vertical distance above the right atrium, so as
the head and neck become higher at steeper angles, the peak
drops. The medical professional determines which angle has
the best visible peak marker, with steeper angles preferred,
and then the venous pressure 212 is determined. To do so,
measuring device 214 is placed on the sternal angle 206 of
the person 102, and the peak height of pulsatile waves (rise
of blood observed through pulsatile motion) observed in the
external or internal jugular vein, 202 or 204 respectively, is
measured. This measurement thus corresponds to the verti-
cal distance between the sternal angle 206 and the point at
which the observer estimates the pulsatile motion to have
peaked in the external or internal jugular vein, 202 or 204
respectively. Consequently, these techniques rely, in large
part, on where the observer (e.g., a medical professional)
estimates the pulsatile motion to have peaked.

[0023] Even assuming that a medical professional is
capable of accurately and consistently estimating the point at
which pulsatile motions peak, some pulsatile motions are so
subtle that they are imperceptible to the human eye. Unlike
conventional noninvasive CVP-measuring techniques, the
techniques described herein amplify the human impercep-
tible motion to make it visible. Further, when the measuring
is performed by components of the CVP-measuring device
106, these techniques do not rely on an observer to estimate
where pulsatile waves observed in the person 102’°s neck
peaked. Instead, the CVP-measuring device 106 determines
CVP from a reconstructed video of the person 102 in which
pulsatile motion is visually amplified. Consequently, the
involvement of medical professionals in determining CVP
may be reduced to simply placing the CVP-measuring
device 106 in a position where video of the right side of the
person 102’s neck can be captured.

[0024] As shown with the example environment 100, the
CVP-measuring device 106 is capable of displaying a user
interface 110 to present reconstructed video in which pul-
satile motion occurring in the person 102’s neck is visually
amplified. The user interface 110 includes visually-amplified
pulsatile motion 112, for example, which is not shown on the
person 102. Thus, the example environment 100 represents
a scenario in which the pulsatile motion may be impercep-
tible to the human eye but is amplified according to one or
more video motion amplification techniques to be visible in
the reconstructed video. Additionally, playback of the recon-
structed video can be time stretched (e.g., so that it is played
back in slow motion) to allow for easier identification of the
peak height of pulsatile waves and identification of a time
interval that is directly before atrial contraction during
which to make the measurement. The user interface 110 also
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includes several indications overlaying the reconstructed
video, including an indication of the anatomical feature
114—in this case the mandibular angle, a line 116 indicative
of a peak of a pulsatile motion along with a perpendicular
ruler that indicates vertical orientation and distance, a mea-
surement 118 corresponding to the peak of the visually-
amplified pulsatile motion 112, and previous measurements
120 corresponding to peaks of visually-amplified pulsatile
motions that were previously observed in the reconstructed
video. Optionally, the patient’s heart rate and respiration rate
may also be shown in the user interface 110. In the case of
use by minimally trained personnel, the user interface 110
can present anatomical guidance overlays to help guide
proper orientation of the camera. By comparing the mea-
surement 118 and the previous measurements 120 associated
with a video captured at one time to those associated with a
video captured at an earlier time, a trend can be determined
for the person 102°s CVP.

[0025] With regard to the example CVP-measuring device
106 of FIG. 1, consider a detailed illustration in FIG. 3. The
CVP-measuring device 106 can be one or a combination of
various devices, here illustrated with six examples: a smart-
phone 106-1, a computing watch 106-2, a digital camera
106-3, a laptop 106-4, a tablet computer 106-5, and a
desktop computer coupled to an external camera device
106-6 though other computing devices and systems, such as
a netbook or a specialized imaging device with a particular
configuration of CVP-measurement sensors may also be
used. As noted above, in some embodiments the techniques
operate, at least in part, through a remote computing device.
The remote computing device can be configured as a server,
for example. In such cases, some computing can be forgone
locally, e.g., through a communication device having limited
computing operations or even directly from CVP-measuring
devices 106 to the server.

[0026] The CVP-measuring device 106 includes or is able
to communicate with a camera 302, a display 304 (five are
shown in FIG. 3), a transceiver 306, one or more processors
308, and computer-readable storage media 310 (CRM 310).
The transceiver 306 is capable of sending and receiving data
directly or through a communication network, such as
CVP-measurement data 108 from devices 106 through a
local area, wide area, personal area, cellular, or near-field
network.

[0027] The camera 302 represents functionality of the
CVP-measuring device 106 to capture video of a scene, such
as one that includes the person 102. In addition to capturing
video, the camera 302 may be capable of capturing still
images, zooming in or out to capture video and still images,
and the like. With reference to the example environment
100, the camera 302 may be included in the CVP-measuring
device 106 on a side opposite the display presenting the user
interface 110. In this way, the user interface 110 can be used
as a viewfinder for the camera 302. In some embodiments,
the viewfinder can be disposed on the same side of the
CVP-measuring device 106 as the camera, facilitating self-
assessment. The CVP-measuring device 106 may also be
configured with additional cameras, or the camera 302
configured with functionality in addition to capturing video
and images. By way of example, the CVP-measuring device
106 may be configured to include hyperspectral cameras,
e.g., visual and infrared. Hyperspectral cameras can be used
to improve the ability of the CVP-measuring device 106 to
locate veins and arteries of interest and monitor pulsatile
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motion. The CVP-measuring device 106 may also be con-
figured to include a dedicated depth-sensing camera and a
high-frame rate camera. A dedicated depth sensing camera
can be used to increase sensitivity to motion and a high-
frame rate camera can be used to improve temporal record-
ing of the pulsatile waveforms.

[0028] The CVP-measuring device 106 can be configured
with still other components to aid in detecting pulsatile
motion, visually amplifying the pulsatile motion, and mea-
suring the peak of the pulsatile motion. By way of example,
the CVP-measuring device 106 can be configured with
lasers or light emitting devices that emit structured light to
enable a greater degree of sensitivity in motion detection.
The CVP-measuring device 106 can also be configured to
use tangential light sources to enhance the motion through
changes in shadowing that improve a contrast of the motion
relative to other portions of the person 102 (e.g., other
portions of their skin). The CVP-measuring device 106 may
be configured with various combinations of optical compo-
nents without departing from the spirit or scope of the
techniques described herein.

[0029] The CRM 310 includes CVP-measurement man-
ager 312, which includes or has access to captured videos
314, which are output by the camera 302. The CRM 310 also
includes reconstructed videos 316 which are generated by
processing the captured videos 314 according to one or more
video motion amplification techniques. The captured videos
314 are processed according to these techniques, for
example, to visually amplify pulsatile motions captured by
the original videos. Further, the CRM 310 includes or has
access to pulsatile motion measurements 318 and central
venous pressures 320 (CVPs 320). The pulsatile motion
measurements 318 represent measurements that are made by
the CVP-measurement manager 312 of the visually-ampli-
fied pulsatile motions in the reconstructed videos 316. The
CVPs 320 represent the determinations of central venous
pressure, including temporal waveforms, that are made from
the pulsatile motion measurements 318.

[0030] The CVP-measurement manager 312 represents
functionality to employ the camera 302 to capture video in
conjunction with a session for determining the CVP of the
person 102. As used herein, the term “session” refers to a
period of time during which the CVP-measuring device 106
captures video of the person 102 for the purpose of deter-
mining their CVP. Generally, the length of a session corre-
sponds to an amount of time that the camera 302 is
employed to capture video of the person 102 that is sufficient
to make the pulsatile motion measurements 318 to determine
the CVPs 320. In some embodiments, the CVP-measuring
device 106 is capable of alerting a medical professional
using the CVP-measuring device 106 when a sufficient
amount of video has been captured and the session can be
ended. By way of example, the CVP-measuring device 106
can be configured to alert the person 102 audibly, such as by
beeping, visually, such as by causing an indication to be
presented on the user interface 110, and/or by touch, such as
by vibrating.

[0031] In one example, the CVP-measurement manager
312 employs the camera 302 to capture video of a right side
of the person 102’°s neck. As shown in FIG. 2, this is where
the external and internal jugular veins, 202 and 204 respec-
tively, of the person 102 are located. Accordingly, the right
side of the person 102’s neck is where pulsatile motions used
to determine the CVPs 320 can be observed. Some pulsatile
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motions occurring on the right side of the person 102°s neck
may be too subtle to be perceptible by a medical professional
who views the captured videos 314, for example, when the
person 102 is obese and their external and internal jugular
veins lie deep underneath their skin. These motions can be
detected and amplified, however, through the application of
video-processing techniques.

[0032] The CVP-measurement manager 312 also repre-
sents functionality to process the captured videos 314 to
generate the reconstructed videos 316, in which pulsatile
motions of the person 102’s venous system are amplified. To
do so, the CVP-measurement manager 312 is capable of
applying one or more video motion amplification techniques
to the captured videos 314. The result of such techniques is
to amplify motions (e.g., pulsatile motions) from the cap-
tured videos 314 that are imperceptible to the human eye so
that they are visible to the human eye in the reconstructed
videos 316. Such techniques are also effective to improve a
contrast and a signal-to-noise ratio of pulsatile motion due to
the venous system for downstream processing and analysis
by the CVP-measurement manager 312.

[0033] As part of applying the one or more video motion
amplification techniques to a particular captured video, the
CVP-measurement manager 312 spatially decomposes the
video into different spatial frequency bands. The CVP-
measurement manager 312 then applies temporal filters to
filter for pulsatile motions at the different frequency bands.
The parameters of the temporal filter can be set automati-
cally by first measuring the heart rate of the person 102, such
as by sensing color changes in the person 102’s skin due to
arterial blood volumes (remote photoplethysmogram) or
subtle body movements created by cardiac motion or arterial
blood movement. The heart rate and subtle body movements
may be detected by the CVP-measuring device 106 or
provided to the CVP-measurement manager 312 by an
external device. The CVP-measurement manager 312 can
then use the person 102’s heart rate or motions to select
specific frequency bands and harmonics for motion ampli-
fication. The CVP-measurement manager 312 is also
capable of using the selected frequency bands and harmon-
ics for time correlation averaging to improve signal-to-noise
ratios. Based on the different spatial frequency bands in
which the pulsatile motions are observed, the CVP-mea-
surement manager 312 is capable of visually amplifying the
pulsatile motions.

[0034] By way of example, the CVP-measurement man-
ager 312 may visually amplify the pulsatile motions using
amplified phase differences to magnify (or attenuate) the
pulsatile motions in a sequence, or by modifying the phases
of coeflicients with an amount for each frame. Alternately,
the CVP-measurement manager 312 may visually amplify
the motions by directly modifying pixels of the captured
videos 314 to result in the reconstructed videos 316. Addi-
tional inputs to the video motion amplification techniques
can include hyperspectral images, when available, for
improved contrast in identifying the person 102’s vascula-
ture or images from previous measurements that guide
regions of interest. Indications of these spatial regions
enable them to receive differential processing algorithms to
further enhance potential motion.

[0035] When the captured videos 314 are processed
according to such techniques, the CVP-measurement man-
ager 312 is capable of generating, and thus displaying, the
reconstructed videos 316 in real time. By “real time” it is
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meant that the delay between a motion occurring, which a
medical professional viewing the person 102 can observe,
and presentation of the visually-amplified motion on the
display 304 in a reconstructed video is imperceptible or
nearly imperceptible to the medical professional. Conse-
quently, the reconstructed videos 316 can be displayed on
the display 304 as part of the user interface 110 while the
camera 302 is being used to capture video. In this way, the
user interface 110 presented via the display 304 can act as a
viewfinder for the camera 302. It should be noted that other
video motion amplification techniques may be applied to
generate the reconstructed videos 316 without departing
from the spirit or scope of the techniques described herein.

[0036] In addition to real-time display, the CVP-measure-
ment manager 312 is also capable of playing back the
reconstructed videos at other speeds or at different times. For
example, the CVP-measurement manager 312 can enable a
reconstructed video to be played back in slow motion. The
user interface 110 may enable a user of the CVP-measuring
device 106 to choose a speed at which to playback the
reconstructed video, e.g., ¥4 speed, Y4 speed, % speed, and
so on. The user interface 110 may also include controls that
enable the user to pause the reconstructed video, skip
forward or backward (at different speeds), return to a live
feed, and so forth. By playing back the reconstructed video
in slow motion and allowing it to be paused at different
locations during playback, the user interface 110 can enable
a medical professional to manually measure the distance
between the peak of a pulsatile wave and the anatomical
feature of the person 102. To enable such measuring, the
user interface 110 may include a perpendicular ruler as
shown in FIG. 1, which can indicate a vertical orientation
and have markers for measuring the distance.

[0037] The user interface 110 may also include other
capabilities and graphics not shown in FIG. 1. For example,
a waveform of the pulsatile motion may be generated and
displayed via the user interface 110. As part of doing so, the
pulsatile motion may be extracted along a line coincident
with the venous anatomy. The pulsatile motion may be
displayed like an ultrasound m-mode image. Doing so can
aid both in visualizing the pulsatile motion and in measuring
it. By way of example, the waveform can be analyzed by the
CVP-measurement manager 312 to determine when
“a-waves” occur in the waveform. The CVP-measurement
manager 312 can then select the height of the pulsatile
motion just before an a-wave occurs to make the CVP-
measurement.

[0038] Regardless of the particular motion amplification
techniques applied, the pulsatile motions captured in the
captured videos 314 can be visually amplified so that they
are not only made visible to the human eye in the recon-
structed videos 316, but are also measureable by the CVP-
measurement manager 312. To measure a given pulsatile
motion of the person 102’s venous system that occurs in the
right side of their neck, the CVP-measurement manager 312
may determine a frame of a corresponding reconstructed
video in which a visually-amplified pulsatile motion has
reached a peak height. The CVP-measurement manager 312
may then, in the frame, measure a distance between the peak
height of the visually-amplified pulsatile motion and an
anatomical feature of the person 102, e.g., a mandibular
angle of the person 102, their ear lobe, and so forth.
Generally, the anatomical feature of the person 102, against
which the distance is measured, is one that remains visible
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throughout a portion of the reconstructed video during
which the measurements are made and remains substantially
motionless with respect to the pulsatile region of interest.
One example anatomical feature, the mandibular angle, is
capable of providing a strong feature that can be used to
track motion and compensate for global movements of the
person 102 or the camera 302. The CVP-measurement
managet 312 is also capable of tracking movement in the
angle between the mandible and neck to further increase
motion accuracy. To compensate for the effects of gravity,
the CVP-measurement manager 312 determines an orienta-
tion of the person 102 relative to a vertical orientation, e.g,,
based on background reference features or sensors inte-
grated in the CVP-measuring device 106. The CVP-mea-
surement manager 312 combines the determined vertical
orientation with the measured distance between the ampli-
fied pulsatile motion and the anatomical feature for the
person 102.

[0039] Changes in thoracic pressure that result from
breathing can cause the level of a pulsatile wave in the
person 102’s venous system (observable through pulsatile
motion) to rise and fall. To obtain consistent measurements
for determining the CVPs 320, the CVP-measurement man-
ager 312 is capable of making the measurements at a same
point in the person 102’s respiratory phase, such as natural
respiratory pauses of the person 102. To do so, the CVP-
measurement manager 312 analyzes the reconstructed vid-
eos 316 to determine a breathing rate of the person 102.
Through the analysis, the CVP-measurement manager 312 is
capable of determining periods when inhalations, exhala-
tions, and respiratory pauses occur. Given this information,
the CVP-measurement manager 312 measures the distance
between the peak height of the visually-amplified pulsatile
motions and the anatomical feature during a same point in
the person’s respiratory phase. Further, the CVP-measure-
ment manager 312 may avoid making these measurements
during periods when inhalations and exhalations are deter-
mined to occur. Additionally, the CVP-measurement man-
ager 312 can increase the confidence level of CVP-measure-
ment by observing the expected changes in CVP during the
phases of the respiratory cycle. In other words, the CVP-
measurement can be confirmed by measuring a change in
CVP-measurements that match the respiration rate of the
person 102.

[0040] Once a distance between a peak height of a visu-
ally-amplified pulsatile motion and the person’s anatomical
feature is measured, the CVP-measurement manager 312
can store data indicative of that measurement as a pulsatile
motion measurement 318. Since several measureable pulsa-
tile motions may occur while a video is being captured, the
CVP-measurement manager 312 may make multiple pulsa-
tile motion measurements 318 using a single reconstructed
video 316. To this extent, the CVP-measurement manager
312 may perform a statistical analysis on the pulsatile
motion measurements made in association with a single
reconstructed video 316. In so doing, the CVP-measurement
manager 312 may select a pulsatile motion measurement
318 that will result in a CVP determination that best repre-
sents the person 102’s CVP at the time the associated video
was captured. In addition or alternately, the CVP-measure-
ment manager 312 may compute, from the observed pulsa-
tile motion measurements 318, an average or representative
pulsatile motion measurement from which to determine the
person 102°s CVP.
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[0041] From the pulsatile motion measurements 318, the
CVP-measurement manager 312 can determine the CVPs
320. CVP is generally determined with reference to the
person 102’s right atrium 208. In the above-discussed con-
ventional techniques for noninvasively determining CVP,
the determination of CVP assumes that the distance between
the person 102°s right atrium 208 and sternal angle 206 is an
arbitrary distance of five centimeters. To this extent, the
CVP-measurement manager 312 can determine CVPs 320
from the pulsatile motion measurements 318 by relating the
person 102’s anatomical feature to their right atrium 208.
When the anatomical feature used corresponds to the person
102’s mandibular angle, for example, the CVP-measure-
ment manager 312 may assume that the distance between the
person 102’s mandibular angle and their right atrium 208
corresponds to some arbitrary distance. By way of example,
the CVP-measurement manager 312 can employ the camera
302 to make a calibration measurement from the anatomical
feature to the sternal angle or right atrium. The user interface
110 may also enable the calibration measurement to be
entered manually, such that the medical professional can
manually measure the distance between the anatomical
feature and the sternal and then input that distance into the
user interface 110. Alternately, the CVP-measurement man-
ager 312 may employ some other techniques to determine an
actual distance between the person 102’s anatomical feature
and their sternal angle or right atrium 208. In any case, once
the CVP-measurement manager 312 determines CVPs from
the pulsatile motion measurements 318, data indicative of
the determined CVPs may be stored as CVPs 320.

[0042] The CVP-measurement manager 312 is capable of
determining CVPs 320 in ways other than measuring a
distance between a peak height of pulsatile motions that
occur on the person 102’s neck and a selected anatomical
feature. The CVP measurement manger 312 can also deter-
mine CVP using videos in which the person 102 slowly
raises their hands. To do so, the CVP measurement manger
312 processes the videos according to the one or more
motion amplification techniques discussed above. In the
resulting reconstructed video, motion detected in the cap-
tured video that results from at least one of veins collapsing
in the person 102’s arms or a change in pulse is amplified.
Using the reconstructed video, the CVP-measurement man-
ager 312 measures an angle and a height of the person 102’s
raised hands relative to their heart. The CVP-measurement
manager 312 may make this measurement, for example, in
a frame that corresponds to when the person 102°s veins
collapsed or when the pulse changed. Based on the measured
angle and height of the hands, the CVP-measurement man-
ager 312 is capable of determining the person 102’s CVP.

[0043] As discussed above, the captured videos 314, the
reconstructed videos 316, the pulsatile motion measure-
ments 318, and the CVPs 320 can be associated with times.
One of the captured videos 314, for example, can be
associated with a time when it was captured, e.g., the
CVP-measuring device 106 can associate a timestamp with
the captured video. The reconstructed video 316 that is
generated from this captured video can also be associated
with the time. In a similar manner, the pulsatile motion
measurements 318 made using the reconstructed video 316,
and the CVPs 320 determined from those pulsatile motion
measurements 318, may also be associated with the time. A
second captured video that is captured at a different time, say
after the one captured video, can be associated with a
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different time. Accordingly, the reconstructed video 316
generated from this second captured video, the pulsatile
motion measurements 318 made using that reconstructed
video 316, and the CVPs 320 determined from those pul-
satile motion measurements 318, can be associated with the
different time. In so doing, the pulsatile motion measure-
ments 318 and the CVPs 320 can be compared over time.

[0044] Based on a comparison of CVPs determined at
different times, a trend in the person 102’s CVP can be
determined. For example, CVPs determined every four
hours over the course of two days can be compared to
determine a trend in the person 102°s CVP for the two-day
period. The CVPs 320 determined over the two-day period
may indicate an increase or decrease in the person 102’s
CVP. Based on the trend (e.g., the determined increase or
decrease), a medical professional may be able to make other
assessments regarding the person 102, such as to the effec-
tiveness of treatments being administered to the person 102.
The comparison of the CVPs 320 may also enable a trend in
the person 102’s cardiovascular health to be determined. The
person 102°s CVP will rise when the right ventricle is
failing, for example.

[0045] In addition to determining CVP, the reconstructed
videos 316 can be analyzed to measure markers in pulsatile
waveforms of the CVP. In addition to cardiac timing param-
eters, the pulsatile waveforms can also be analyzed to check
for abnormalities. As mentioned above, a waveform of
pulsatile motion can be generated by the CVP-measurement
manager 312 by extracting pulsatile motion along a line
coincident with the venous anatomy. Example clinical indi-
cators include tracking atrial-to-ventricular contraction,
indicated by an “a-wave”, or checking for tricuspid regur-
gitation visible in “v-waves” going back through the veins.
The term “a-wave” refers to a venous pressure pulse due to
atrial contraction while the term “v-wave” refers to a wave
that arises from pressure produced when the blood that is
filling the right atrium 208 of the person 102 comes up
against a closed tricuspid valve. Missing a-waves would
indicate atrial fibrillation, while elevated v-waves indicate
the potential presence of tricuspid regurgitation. The recon-
structed videos 316 are also analyzable to detect other
backpressure waves that result from valves in the person
102’s heart closing, and these timing markers provide
insights into cardiac timing of the person 102.

[0046] By enabling CVP to be measured automatically, the
CVP-measuring device 106 can be used to enable telemedi-
cine. In other words, the person 102 may be able to stay at
home and receive health care. Not only may data indicative
of the CVPs 320 be communicated to a medical professional
associated with the person 102, but the captured and recon-
structed videos, 314 and 316 respectively, can also be
communicated to the medical professional to enable them to
remotely analyze the person 102’s CVP. Further, the tech-
niques described herein enable home or nursing care to be
provided by medical professionals other than physicians.

[0047] These and other capabilities, as well as ways in
which entities of FIGS. 1-3 act and interact, are set forth in
greater detail below. These entities may be further divided,
combined, and so on. The environment 100 of FIG. 1 and the
detailed illustrations of FIGS. 2 and 3 illustrate some of
many possible environments capable of employing the
described techniques.
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Example Methods

[0048] FIGS. 4 and 5 depict methods enabling or using
optical central venous pressure measurement. These meth-
ods are shown as sets of blocks that specify operations
performed but are not necessarily limited to the order or
combinations shown for performing the operations by the
respective blocks. In portions of the following discussion
reference may be made to environment 100 of FIG. 1 and
entities detailed in FIGS. 2 and 3, reference to which is made
for example only. The techniques are not limited to perfor-
mance by one entity or multiple entities operating on one
device.

[0049] FIG. 4 depicts method 400, which describes man-
ners in which to optically measure central venous pressure
(CVP) of a person with a video recording of a right side of
their neck.

[0050] At 402, video of a person’s neck is captured. By
way of example, the CVP-measurement manager 312
employs the camera 302 of the CVP-measuring device 106
to capture video of the right side of the person 102’s neck.
The CVP-measurement manager 312 may do so, for
example, in response to a touch selection by a user (e.g., a
medical professional) of a button to initiate a determination
of CVP. This button may be generated and presented by a
vitals-monitoring application of the CVP-measuring device
106. The CVP-measurement manager 312 may also employ
the camera 302 to capture video of the person 102 in
response to other initiation actions. For example, the CVP-
measuring device 106 may be set up in a fixed position
relative to the person 102, such as on a tripod, and auto-
matically initiate a determination of the person 102’s CVP
at predetermined intervals. When the CVP-measuring
device 106 is set up in this way, the person 102’s CVP may
be determined without any user interaction other than to
position the CVP-measuring device 106 initially.

[0051] At 404, the captured video is processed according
to one or more video motion amplification techniques to
generate a reconstructed video in which pulsatile motion that
occurs in the person 102’°s venous system is amplified. As a
video is being captured, for instance, the CVP-measurement
manager 312 applies the one or more video motion ampli-
fication techniques to generate a corresponding recon-
structed video. In the reconstructed videos 316, the pulsatile
motions captured in the captured videos 314 are amplified
not only so that they are visible to the human eye, but also
so that they are measureable by the CVP-measurement
manager 312. The motions that are visually amplified may
appear different in color than in the captured videos 314, or
be enhanced in some other way so that they are made visible.
[0052] At 406, a distance between a peak of the amplified
pulsatile motion and an anatomical feature of the person is
measured. For example, the CVP-measurement manager
312 determines a frame of the reconstructed video in which
a pulsatile motion has peaked. The CVP-measurement man-
ager 312 then measures a distance in that frame between the
peak of the visually-amplified pulsatile motion and the
anatomical feature, which as discussed above may be the
mandibular angle or the ear lobe. Although mandibular
angle and ear lobe are discussed herein throughout, the
distance may be measured relative to an anatomical feature
other than the mandibular angle or ear lobe. By way of
example, the CVP-measurement manager 312 may select
another anatomical feature relative to which measurements
can be made. Selection of the anatomical feature may be
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based on the anatomical feature remaining visible and
substantially motionless while the measurements are being
made.

[0053] At 408, CVP of the person is determined based on
the measured distance for the processing-amplified pulsatile
motion. The CVP-measurement manager 312, for example,
determines the CVPs 320 based on the pulsatile motion
measurements 318. The CVP-measurement manager 312
may determine a CVP for each of the pulsatile motion
measurements 318. Alternately, the CVP-measurement man-
ager 312 may use just one pulsatile motion measurement to
determine the person 102°s CVP for a particular captured
video 314. As noted above, the CVP-measurement manager
312 may do so by selecting a pulsatile motion measurement
318 that will result in a CVP determination that best repre-
sents the person 102’s CVP at the time the associated video
was captured. The CVP-measurement manager 312 may
also compute, from the observed pulsatile motion measure-
ments 318, an average or representative pulsatile motion
measurement from which to determine the person 102’s
CVP.

[0054] FIG. 5 depicts method 500, which describes man-
ners in which to determine a trend in a person’s cardiovas-
cular health using multiple CVP measurements determined
at different times with different video recordings.

[0055] At 502, a CVP of a person is determined at a first
time based on measurements taken using a first recon-
structed video associated with the first time. By way of
example, the CVP-measurement manager 312 employs the
camera 302 to capture a video of the person 102 at a first
time, as in act 402 of FIG. 4. The CVP-measurement
manager 312 then processes the video captured at the first
time to generate a reconstructed video as in act 404, mea-
sures a distance between a peak of a visually-amplified
pulsatile motion in the reconstructed video and an anatomi-
cal feature of the person 102 as in act 406, and determines
the CVP for the person as in act 408. The person 102’s CVP
determined from this reconstructed video may be stored as
one of the CVPs 320 with an indication that it is associated
with the first time.

[0056] At 504, a CVP of the person is determined at a
second time based on measurements taken using a second
reconstructed video associated with the second time. For
example, the CVP-measurement manager 312 again
employs the camera 302 to capture another video of the
person 102, but at the second time which is after the first
time. The CVP-measurement manager 312 then processes
this other video captured at the second time to generate a
second reconstructed video as in act 404, measures a dis-
tance between a peak of a visually-amplified pulsatile
motion in the second reconstructed video and an anatomical
feature of the person 102 as in act 406, and determines the
CVP for the person as in act 408. The person 102°s CVP
determined from the second reconstructed video may be
stored as one of the CVPs 320 with an indication that it is
associated with the second time.

[0057] At 506, a trend in the cardiovascular health of the
person is determined based on a comparison of the CVP
determined at the first and second times. By way of example,
the CVP-measurement manager 312 accesses the CVP deter-
mined in act 502 and the CVP determined in act 504 from
storage, e.g., medical records stored in association with the
person 102. The CVP-measurement manager 312 then com-
pares those two CVPs. The comparison may indicate an



US 2018/0177464 Al

increase or decrease in the person 102°s CVP from the first
time to the second time. A trend in the cardiovascular health
can be determined from the increase or decrease in the CVP,
such as hypervolemia, heart problems, or respiratory prob-
lems for a person. Alternately, such a trend can indicate
whether dietary, pharmaceutical, or intravenous treatment
being administered to the person 102 is effective.

[0058] At 508, a user interface is generated to present
information to the person or a medical professional associ-
ated with the person based on the trend in the cardiovascular
health. For example, the CVP-measurement manager 312
can generate a user interface that includes an indication of a
determined CVP. The determined CVP can be presented
overlaying a reconstructed video in which pulsatile motions
are visually amplified as discussed above. The CVP-mea-
surement manager 312 can also generate a user interface for
an associated medical professional that indicates a trend in
CVP (increase or decrease) and what the increase or
decrease can indicate, e.g., hypervolemia, heart failure, and
so on. When the trend in CVP indicates a potential negative
cardiac health condition, the user interface can be generated
for the person 102 to advise them to seek immediate medical
attention. When the trend in CVP indicates a positive cardiac
health condition, the user interface can be generated for the
person 102 to indicate improvement in heart health.

[0059] The preceding discussion describes methods relat-
ing to optical central venous pressure measurement. Aspects
of these methods may be implemented in hardware (e.g.,
fixed logic circuitry), firmware, software, manual process-
ing, or any combination thereof These techniques may be
embodied on one or more of the entities shown in FIGS. 1-3
and 6 (computing system 600 is described in FIG. 6 below),
which may be further divided, combined, and so on. Thus,
these figures illustrate some of the many possible systems or
apparatuses capable of employing the described techniques.
The entities of these figures generally represent software,
firmware, hardware, whole devices or networks, or a com-
bination thereof.

[0060] Example Computing System

[0061] FIG. 6 illustrates various components of example
computing system 600 that can be implemented as any type
of client, server, and/or computing device as described with
reference to the previous FIGS. 1-5 to implement optical
central venous pressure measurement. In embodiments,
computing system 600 can be implemented as one or a
combination of a wired and/or wireless wearable device,
System-on-Chip (SoC), and/or as another type of device or
portion thereof. Computing system 600 may also be asso-
ciated with a user (e.g., a person) and/or an entity that
operates the device such that a device describes logical
devices that include users, software, firmware, and/or a
combination of devices.

[0062] Computing system 600 includes communication
devices 602 that enable wired and/or wireless communica-
tion of device data 604 (e.g., received data, data that is being
received, data scheduled for broadcast, data packets of the
data, etc.). Device data 604 or other device content can
include configuration settings of the device, media content
stored on the device, and/or information associated with a
user of the device. Media content stored on computing
system 600 can include any type of audio, video, and/or
image data, including complex or detailed results of optical
CVP-measuring acts. Computing system 600 includes one
or more data inputs 606 via which any type of data, media
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content, and/or inputs can be received, such as human
utterances, user-selectable inputs (explicit or implicit), mes-
sages, music, television media content, recorded video con-
tent, and any other type of audio, video, and/or image data
received from any content and/or data source.

[0063] Computing system 600 also includes communica-
tion interfaces 608, which can be implemented as any one or
more of a serial and/or parallel interface, a wireless inter-
face, any type of network interface, a modem, and as any
other type of communication interface. Communication
interfaces 608 provide a connection and/or communication
links between computing system 600 and a communication
network by which other electronic, computing, and commu-
nication devices communicate data with computing system
600.

[0064] Computing system 600 includes one or more pro-
cessors 610 (e.g., any of microprocessors, controllers, and
the like), which process various computer-executable
instructions to control the operation of computing system
600 and to enable techniques for, or in which can be
embodied, optical central venous pressure measurement.
Alternatively or in addition, computing system 600 can be
implemented with any one or combination of hardware,
firmware, or fixed logic circuitry that is implemented in
connection with processing and control circuits which are
generally identified at 612. Although not shown, computing
system 600 can include a system bus or data transfer system
that couples the various components within the device. A
system bus can include any one or combination of different
bus structures, such as a memory bus or memory controller,
a peripheral bus, a universal serial bus, and/or a processor or
local bus that utilizes any of a variety of bus architectures.

[0065] Computing system 600 also includes computer-
readable media 614, such as one or more memory devices
that enable persistent and/or non-transitory data storage (i.e.,
in contrast to mere signal transmission), examples of which
include random access memory (RAM), non-volatile
memory (e.g., any one or more of a read-only memory
(ROM), flash memory, EPROM, EEPROM, etc.), and a disk
storage device. A disk storage device may be implemented
as any type of magpetic or optical storage device, such as a
hard disk drive, a recordable and/or rewriteable compact
disc (CD), any type of a digital versatile disc (DVD), and the
like. Computing system 600 can also include a mass storage
media device 616.

[0066] Computer-readable media 614 provides data stor-
age mechanisms to store device data 604, as well as various
device applications 618 and any other types of information
and/or data related to operational aspects of computing
system 600. For example, an operating system 620 can be
maintained as a computer application with computer-read-
able media 614 and executed on processors 610. Device
applications 618 may include a device manager, such as any
form of a control application, software application, signal-
processing and control module, code that is native to a
particular device, a hardware abstraction layer for a particu-
lar device, and so on.

[0067] Device applications 618 also include any system
components, engines, or managers to implement the tech-
niques. In this example, device applications 618 include a
CVP-measurement manager 312.
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CONCLUSION

[0068] Although embodiments of techniques using, and
apparatuses enabling, optical central venous pressure mea-
surement have been described in language specific to fea-
tures and/or methods, it is to be understood that the subject
of the appended claims is not necessarily limited to the
specific features or methods described. Rather, the specific
features and methods are disclosed as example implemen-
tations of these techniques.

1. A method for outputting a central venous pressure
(CVP) of a person computed by at least one computing
device, the method comprising:

generating, by the at least one computing device and using

a camera associated with the at least one computing
device, a video of the person raising their hands;

generating, by the at least one computing device, a

reconstructed video in which motion that results from
at least one of veins collapsing in the person’s arms or
a change in pulse is amplified based on detection of the
collapsing of veins in the person’s arms or the change
in the person’s pulse at different spatial frequency
bands by processing the video according to one or more
video motion amplification techniques;

measuring, by the at least one computing device, an angle

and height of the raised hands, relative to the person’s
heart, in the reconstructed video at a time that corre-
sponds to the collapsing of the veins or the change in
pulse;

computing, by the at least one computing device, the CVP

of the person based on the measured angle and height
of the raised hands; and

outputting, by the at least one computing device, digital

content indicative of the computed CVP.
2. The method as described in claim 1, wherein:
the motion that results from the at least one of the
collapsing of veins in the person’s arms or the change
in pulse in the video of the person raising their hands
1s visually imperceptible to an unaided human eye; and

the motion that results from the at least one of the
collapsing of veins in the person’s arms or the change
in pulse in the reconstructed video is visually percep-
tible by the unaided human eye.

3. The method as described in claim 1, wherein processing
the video according to one or more video motion amplifi-
cation techniques to generate the reconstructed video
includes, by the at least one computing device:

spatially decomposing the captured video into different

spatial frequency bands;

applying temporal filters to filter for the pulsatile motion

at the different spatial frequency bands; and

visually amplifying the motion that results from the at

least one of the collapsing of veins in the person’s arms
or the change in pulse based in part on the different
spatial frequency bands in which the motion is
observed.

4. The method as described in claim 1, further comprising
generating a user interface to present the digital content
indicative of the computed CVP on a display device.

5. (canceled)

6. (canceled)

7. The method as described in claim 1, further comprising:

comparing the CVP to one or more previously computed

CVPs, the one or more previously computed CVPs
having each been determined by performing the gen-
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erating, the measuring, and the computing for a respec-
tive previously generated video; and

determining a trend in cardiovascular health of the person

based on results of comparing the CVP to the one or
more previously-determined CVPs.

8. (canceled)

9. (canceled)

10. A device comprising:

a video camera to capture video of a person raising their

hands;

a display device to display a reconstructed video of the

person raising their hands; and

a processing system to implement a central venous pres-

sure (CVP) measurement manager configured to:

generate the reconstructed video in which motion that
results from at least one of veins collapsing in the
person’s arms or a change in pulse is amplified based
on detection of the collapsing of veins in the person’s
arms or the change in the person’s pulse at different
spatial frequency bands by processing the video
according to one or more video motion amplification
techniques;

measure an angle and height of the raised hands,
relative to the person’s heart, in the reconstructed
video at a time that corresponds to the collapsing of
veins or the change in pulse;

compute CVP measurements for the person based on
the measured angle and height of the raised hands;
and

present digital content indicative of the CVP measure-
ments.

11. The device as described in claim 10, further compris-
ing storage media configured to store CVP measurements
that are determined at different times for access by the
CVP-measurement manager to determine a trend in cardio-
vascular health of the person based on a comparison of the
stored CVP measurements.

12. (canceled)

13. The device as described in claim 10, wherein:

the device is configured as a smartphone; and

an application embodied on the smartphone enables a user

to initiate the CVP-measurement manager to determine
the CVP measurements of the person.

14. The device as described in claim 10, further compris-
ing one or more hyperspectral cameras, the CVP-measure-
ment manager being further configured to locate the col-
lapsing veins of the person using at least one of images or
videos captured with the one or more hyperspectral cameras,
and process the captured video by applying the one or more
video motion amplification techniques to the portions of the
video that correspond to the located veins.

15. The device as described in claim 10, wherein:

the motion that results from the at least one of the

collapsing of veins in the person’s arms or the change
in pulse is visually imperceptible to an unaided human
eye; and

the motion that results from the at least one of the

collapsing of veins in the person’s arms or the change
in pulse is visually perceptible by the unaided human
eye in the reconstructed video.

16. The device as described in claim 15, further compris-
ing at least one of:
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one or more lasers employed by the CVP-measurement
manager to detect the motions that result from the at
least one of the collapsing of veins in the person’s arms
or the change in pulse; or

one or more light emitting devices that emit structured
light and are employed by the CVP-measurement man-
ager to detect the motions that result from the at least
one of the collapsing of veins in the person’s arms or
the change in pulse.

17. (canceled)

18. A computer-implemented method comprising:

generating video of a person raising their hands two or
more times;

determining a first central venous pressure (CVP) of the
person at a first time that corresponds to a first raising
of the person’s hands based, in part, on measuring an
angle and height of the person’s raised hands, relative
to the person’s heart, that corresponds to at least one of
a collapsing of the person’s veins or a change in the
person’s pulse, the angle and height measured in a
frame of a first reconstructed video associated with the
first time and in which the motion that results from the
at least one of the collapsing of veins in the person’s
arms or the change in pulse is amplified based on
detection of the collapsing of veins in the person’s arms
or the change in the person’s pulse at different spatial
frequency bands by processing the video according to
one or more video motion amplification techniques;

determining a second CVP of the person at a second time
that corresponds to a second raising of the person’s
hands based, in part, on measuring an angle and height
of the person’s raised hands, relative to the person’s
heart, that corresponds to at least one of a second
collapsing of the person’s veins or a second change in
the person’s pulse, the angle and height measured in a
frame of a second reconstructed video associated with
the second time and in which the motion that results
from the at least one of the collapsing of veins in the
person’s arms or the change in pulse is amplified based
on detection of the collapsing of veins in the person’s
arms or the change in the person’s pulse at different
spatial frequency bands by processing the video
according to the one or more video motion amplifica-
tion techniques; and

determining a trend in the cardiovascular health of the
person based on a comparison of the first CVP deter-
mined at the first time and the second CVP determined
at the second time.

19. The computer-implemented method as described in

claim 18, further comprising communicating the first CVP
and the second CVP to a remote computing device for

storage with medical records associated with the person.
20. The computer-implemented method as described in

claim 18, further comprising accessing the first CVP and the
second CVP from medical records stored in association with
the person to determine the trend in the cardiovascular
health of the person.

21. The method as described in claim 1, further compris-
ing:
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generating, by the at least one computing device and using
the camera associated with the at least one computing
device, another video that includes the person’s neck;

generating, by the at least one computing device, another
reconstructed video in which pulsatile motion of the
person’s venous system that occurs in the person’s neck
is amplified based on detection of the pulsatile motion
at different spatial frequency bands by processing the
other video according to the one or more video motion
amplification techniques;

calculating, by the at least one computing device, a

distance between a detected peak of the amplified
pulsatile motion and a selected anatomical feature of
the person; and

computing, by the at least one computing device, another

CVP of the person based on the calculated distance for
the amplified pulsatile motion.

22. The method as described in claim 21, wherein the
selected anatomical feature corresponds to a mandibular
angle of the person or an ear lobe of the person.

23. The method as described in claim 21, further com-
prising determining the selected anatomical feature relative
to which to measure the distance based in part on the
person’s anatomical features that remain visible in the
reconstructed video when the distance is calculated.

24. The method as described in claim 21, further com-
prising:

analyzing the reconstructed video by the at least one

computing device to determine a breathing rate of the
person; and

performing the calculating during respiratory pauses of

the determined breathing rate.

25. The device as described in claim 10, wherein

the video camera captures another video that includes the

person’s neck; and

the CVP-measurement manager is further configured to:

generate another reconstructed video in which pulsatile
motions of the person’s venous system that occur in
the person’s neck are amplified based on detection of
the pulsatile motions at different spatial frequency
bands by processing the other video according to the
one or more video motion amplification techniques;

calculate distances in frames of the other reconstructed
video between detected peaks of the amplified pul-
satile motions and a selected anatomical feature of
the person;

compute additional CVP measurements for the person
based on the calculated distances; and

present digital content indicative of the additional CVP
measurements.

26. The device as described in claim 25, wherein the
CVP-measurement manager is further configured to:

analyze the other reconstructed video to determine a

breathing rate of the person; and

calculate the distances between the peaks of the visually-

amplified pulsatile motions and the anatomical feature
of the person during respiratory pauses in the deter-
mined breathing rate.

I S S T
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