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Why is estimating blood loss
accurately still a challenge?

Significant advancements in surgery, such as the emergence
of surgical robotics and augmented reality (AR)-assisted
instrument navigation, have revolutionized patient care.
Despite these innovations, there are still critical needs that
technology has yet to fully address. One such need is the
accurate and easy estimation of blood loss during surgery.
The lack of a comprehensive solution for real-time monitoring
of blood loss poses serious risks to patient outcomes.

In this article, we will explore the challenges of estimating blood
loss (EBL), evaluate the advantages and disadvantages of various
novel solutions, and discuss the key factors necessary for
achieving more accurate, timely, and insightful monitoring.
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Visual estimation techniques
currently underestimate

blood loss by 30%,"? regardless
of the clinician’s experience.

Such inaccuracies can lead
to incorrect treatment decisions
and unresolved major bleeds.
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What happens if we estimate
blood loss inaccurately?

Accurate measurement of blood loss is critical in various surgical
procedures, including cardiothoracic, orthopedic, obstetric,
gynecologic, and trauma surgeries. These surgeries often span
several hours, making the accurate and timely management of
blood essential for success.

Overestimation of blood loss can lead to unnecessary blood
transfusions, increasing the risk of infections and hemolytic
(destruction of red blood cells) and nonhemolytic (fever)
reactions. This not only prolongs hospital stays but also impacts
overall patient recovery. Moreover, consistent overestimation of
blood loss within a hospital strains resources, raises costs, and
reduces blood product availability for other patients.

Conversely, underestimating blood loss may result in the
patient not receiving a necessary blood transfusion, leading
to serious complications like hypovolemic shock. This critical
condition prevents the heart from pumping enough blood
through the body, potentially causing organ damage or failure.
Additionally, delayed recognition of complications due to
inadequate tissue oxygenation can hinder timely intervention
and treatment, increasing the risk of adverse outcomes and
extended hospital stays.F!
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Why is measuring blood
loss so difficult?

There is a complex trade-off between accuracy and time in
estimating blood loss during surgery. The oldest method,
visual estimation, likely predates the first human blood
transfusion in the 1800s.°! This quick and easy method
involves counting the number of sponges or gauze pads used,
but is notoriously inaccurate due to variability in absorption
levels and the types of fluids being absorbed.

The gravimetric method, which calculates the difference

in weight between dry (pre-procedure) and soaked (post
procedure) surgical gauzes, offers improved accuracy.
However, it still falls short by not accounting for other liquids,
such as amniotic fluid, rinse liquid, and urine, particularly
during obstetric surgery.

Attempts to develop a mathematical framework, like the
Moore formula,!>® have consistently overestimated blood
loss, even when accounting for height, weight, and sex.
These methods aim for quick estimations, but they are
widely recognized for being inaccurate.

Running blood tests for hemoglobin and hematocrit levels can
accurately determine if a patient needs a blood transfusion. Low
levels during surgery can indicate significant blood loss. The
process involves extracting blood, sending the sample to a lab,
and waiting for the results, which can take from 20 minutes to
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several hours depending on lab availability. While highly accurate
and dependable, this method sacrifices time and valuable

blood during lengthy surgeries and poses a risk of hypoxia.
Moreover, such readings during surgery are intermittent and

do not reflect the patient’s real-time status, potentially leading
to delayed responses to complications. Only two or three data
points would be available during an hour-long surgery, which is
insufficient for making well-informed decisions.

On the next page, we summarize known methods for EBL and
evaluate each for their accuracy, speed, cost, usability, and
space in the operating room. No options perform well across
all metrics, however in the research and development stage,
doppler ultrasound and pulse CO-oximetry show promise. We
discuss these technologies further on page 9.

There is a complex trade-off
between accuracy and time
in estimating blood loss

during surgery.
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Technologies and techniques for estimating blood loss

TECHNIQUE ACCURACY SPEED CcoST USABILITY SPACE NOTES
LAB TEST HIGH SLOW EXPENSIVE UNFRIENDLY N/A SIIECNTIEN
during surgery
GRAVIMETRIC LOW MEDIUM CHEAP MODERATE LOW Widely used
Least accurate,
VISUAL LOW MEDIUM CHEAP FRIENDLY NONE ;
widely used
VOLUMETRIC LOW MEDIUM CHEAP MODERATE LOW Widely used
MATHEMATICAL MODEL LOW SLOW CHEAP FRIENDLY NONE LnEemime
during surgery
COLORIMETRY HIGH MEDIUM MEDIUM MODERATE LARGE Not widely used
PROMISING BUT
DOPPLER ULTRASOUND UNPROVEN FAST MEDIUM FRIENDLY LOW RED stage
PROMISING BUT
PULSE CO-OXIMETRY UNPROVEN FAST MEDIUM FRIENDLY LOW R&D stage
PULSE OXIMETRY LOW FAST CHEAP FRIENDLY LOW R&D stage
£NIRS UNPROVEN FAST MEDIUM MODERATE LOW R&D stage
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Key considerations for advanced EBL technology

ACCURACY VS. SPEED USABILITY

Most common techniques for measuring blood loss during surgery face a Usability is a driving factor for the widespread
significant tradeoff: they are either fast but inaccurate or accurate but slow. adoption of medical devices. Accurate
Operating room personnel will likely prioritize speed over accuracy due to the blood loss measurements depend on the
critical need for immediate data to make timely decisions. Newer technologies proper handling of devices, software, and
show promise in providing accurate, real-time qualification of blood loss. consumables. This includes appropriate
However, these technologies require more due diligence for long-term reliability and frequent calibration and maintenance
and usability, given conflicting clinical evidence regarding their effectiveness.! to ensure optimal device performance.
Ideally, new solutions for EBL should balance accuracy and speed, but currently, Enhancing the user experience through

few technologies achieve this. Therefore, the primary focus should be human factors engineering can significantly
improving accuracy, with speed as a secondary consideration. improve the success of these products.

SPACE COST

Optimizing space in a busy operating room The financial barrier to adopting new EBL technologies can be significant,

is challenging. New technologies that rely on especially when other equipment may take priority. These advanced technologies
cameras need considerable space to capture often involve substantial development costs, making them more costly than

the specific field of view necessary for accurate traditional methods. Software-heavy solutions might require a subscription
measurements. Any obstructions in the line of service, while hardware-heavy systems entail higher upfront costs. Additionally,
sight can cause problems, making efficient the use of custom consumables calibrated specifically for these systems

use of space a critical consideration. increases long-term expenses, ultimately impacting patient costs.
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Paving the way with
promising technologies

One of the latest blood loss measurement technologies is
Stryker’s Triton platform, a system which leverages colorimetry.
This requires a clinician to soak blood using a custom-designed
gauze pad, hold it within the system camera'’s field of view to
record, and then discard the used gauze. The camera captures
both color and infrared images, which are then processed by

a computer vision algorithm. The algorithm determines the
amount of blood in the soaked gauze based on the coloration
and shape of the stain. A key benefit of this method is its ability
to differentiate between the hemoglobin in blood and other
fluids such as urine, fecal matter, amniotic fluid, and saline.

The Triton system also includes the gravimetric approach,
using a scale for weight measurements and a canister for direct
liguid volume measurements when gauze is not suitable. Its
ease of use during operations facilitates quick and continuous
monitoring of blood loss. The overall system has demonstrated
promising accuracy across a range of measurements.”. & We
look forward to observing the rate of adoption by hospitals
considering all key factors such as accuracy, cost, usability,

and space requirements.
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Colorimetry requires clinicians
to soak blood in a custom
designed gauze pad and hold it
up to the system camera’s field
of view to record. The computer
vision algorithm then determines
the amount of blood in the
soaked gauze.
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Candidate Technologies

Pulse CO-Oximetry is capable of non-
invasively and continuously monitoring
hemoglobin levels in a patient. It comprises

of a light source and a detector. As light passes
through the patient’s skin, it is absorbed and
scattered by various components, most notably
hemoglobin. By comparing light absorption at
different wavelengths, algorithms can calculate
parameters such as spectrophotometric
hemoglobin levels and oxygen saturation.
Traditional pulse oximeters use two
wavelengths, whereas pulse CO-oximeters use
up to a dozen, providing concentration metrics
on other molecules in the body.

While measuring hemoglobin concentration
does not directly estimate blood loss, it
indicates oxygen levels in the blood, which may
suggest a substantial bleed (e.g. low hemoglobin
count due to insufficient blood). Ongoing
research has identified spectrophotometric
hemoglobin monitoring as a potentially viable
technique for measuring blood loss during
surgery, though clinical results are currently
mixed.” % Factors such as movement,
breathing rate, and patient health all influence
the device's efficacy. Additionally, the need for
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user involvement to monitor trends and gain
insights in an already busy operating room
could make this device less appealing.

Doppler Ultrasound is a technique that
measures blood flow through blood vessels in
real time. A sensor placed on the patient's skin
emits high-frequency sound waves through the
tissue, which bounce back from the moving red
blood cells in the blood vessels. The reflected
sound waves are picked up by a receiver and
analyzed. The “Doppler” part refers to the
frequency difference between the emitted and
received sound waves, allowing calculations

of the corrected carotid flow time (ccFT). The
CcFT, essentially the systolic time interval in the
carotid artery, correlates with stroke volume.l'”

A decrease in blood volume might indicate

a reduced amount of blood available for the
heart to pump, or a decreased stroke volume,
suggesting blood loss. Recent studies have
shown potential for accurate blood loss
volume estimations by detecting decreasing
stroke volumes that may lead to hypovolemic
shock, although these findings are based on
highly controlled settings.l'” More research

is needed to address the limitations such

as the use of the lower body negative
pressure model, uncertainties around digital
vasoconstriction measurements, and the
idealized controlled environment.

Functional Near Infrared Spectroscopy
(FNIRS) is an optical brain monitoring method
that has enticing indirect applications in
estimating blood loss during surgery. To use
fNIRS for EBL applications, a patient wears a
head cap equipped with multiple electrodes.
Similar to pulse oximetry, fNIRS uses light at
different wavelengths to detect changes in
molecular concentrations in cerebral blood
non-invasively. This allows for the continuous
and rapid assessment of the hemodynamic
cortical response.

From a usability perspective, fNIRS is portable
and requires minimal space. While cable
management may be an issue, developments
in wireless technology could address this
concern. Although fNIRS lacks clinical evidence
as a viable technique for EBL, it continues

to find applications in intraoperative brain
monitoring, particularlyin pain management.!™
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What's on the horizon
for innovation in EBL?

The limitations of current blood loss estimation technologies
are significantly impacting their adoption in intraoperative
procedures. One characteristic of current solutions is that
data input is typically done in a single modality. This only
provides one of several indicators of blood loss, like
hemoglobin measurements, contributing to inaccuracy

or delays in information.

Losing blood triggers a range of physiological effects, from
immediate change in heart rate to prolonged changes in
blood pressure."’The sympathetic nervous system responds
by diverting blood away from non-critical organs to the heart
and brain, potentially causing organ failure. For effective
real-time blood loss estimation, it is essential to use all
available information.

To address these challenges, we are likely to see the
development of more integrated multimodal solutions over
time. These would monitor several physiological parameters,
such as oxygenation, volumes, and pressure changes to
provide a more accurate estimation of blood loss. This is where
mathematical modeling, data analytics, and artificial
intelligence (Al) can play a crucial role.
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Translating real-time measurements

into real-time insights

Quantifying physiological fluids in real time is challenging, yet
critical for improving patient outcomes. Current approaches
typically rely on a single modality to estimate blood loss,
such as calculating the volume of blood soaked gauze or
measuring hemoglobin content noninvasively. While some

of the technologies previously mentioned show promise,
they need to address key criteria like accuracy, speed, cost,
continuous monitoring, and usability for wider adoption.

A multimodal approach could overcome these limitations by
leveraging existing monitoring instruments available in the
operating room and harnessing their data to estimate blood
loss. Utilizing the vast knowledge in physiological biofluid
mathematical modeling and Al can transform real-time
measurements into real-time insights.

This integration can offer clinicians a virtual assistant that
streamlines the operating room workflow by collating
information from multiple modalities and managing blood loss
promptly. In the age of data, modeling, and Al, we have the tools
to improve patient safety and surgical outcomes significantly.

An integrated solution for estimating blood
loss will pave the way for the next generation
of technologies and patient-centric blood
management, ensuring that every drop counts.
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Ready to take EBL technology
to the next level?

We have discussed how EBL technologies need to be
multi-modal and implement cutting-edge approaches

such as mathematical modeling and artificial intelligence.
With experts in medical therapies, digital technologies,

and biological systems, Cambridge Design Partnership can
help implement these approaches while ensuring you retain
control and intellectual property of your technology.

At CDP, we integrate seamlessly with your team to accelerate
your project's development. To discuss how we can help
you, get in touch.

Brian Chang, PhD
Biomedical Engineer

Michael McKnight, MS
Electronics Engineer

medical.therapy @ cambridge-design.com
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At Cambridge Design Partnership, our mission is to improve lives through innovation.

Tackling complex or entirely new challenges is part and parcel of innovation. Our clients turn to us for our specialised expertise,
extensive experience, and adaptable capabilities to navigate these challenges effectively. No matter where our clients are on their
innovation journey, they can depend on us to deliver transformative solutions to their most pressing challenges. Our multidisciplinary
team of over 300 experts has a track record of success at every stage of the innovation process, so we're always ready to handle
complex challenges swiftly and pragmatically.

Our agility allows us to seamlessly integrate at any point in the innovation cycle, from market analysis and conceptualising designs
to realising prototypes and on-site pilot manufacturing. Our collaborative approach fosters breakthrough moments that accelerate
market entry, secure competitive advantage, and, most importantly, positively impact the lives of those our clients aim to serve.
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