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E
ndovascular therapy (EVT) has dramatically 
changed the way we treat patients with chronic 
limb-threatening ischemia (CLTI). At an early 
stage, minimally invasive therapies were used to 

treat high-risk surgical candidates, but today, many opin-
ion leaders consider EVT to be the primary approach of 
care. With the development of robust technical skills and 
more appropriate technology, operators are able to treat 
more complex and distal disease patterns. This perfect 
storm of technical skills and advanced tools makes the 
question of what’s possible less relevant and the ques-
tion of what’s appropriate extremely relevant.

THE UNMET NEED FOR TISSUE OXYGEN 
SENSING

Conte et al underscored the need to establish objec-
tive performance goals for emerging endovascular tech-
nologies by comparing their safety, efficacy, and durabil-
ity to the open standard-of-care approach.1 Specific risk 
subgroups merit different thresholds for intervention, 
such as age > 80 years and presence of tissue loss and/
or infrapopliteal disease. When dealing with the infra-
popliteal anatomy, a comparable benchmark may be 
difficult, given the broad spectrum of tools and numer-
ous potential treatment targets of below-the-knee and 
below-the-ankle vessels, as opposed to the classic single-
target distal bypass. As endovascular advancements are 
further investigated and understood, novel performance 
goals such as regional oxygenation/perfusion changes 
that lead to successful wound healing and remission 
may become the answer in the near future.

Currently, cinefluoroscopy and digital subtraction 
angiography are used to assess successful revascular-
ization, which is determined as an observed increase 
of arterial “flow” above an accepted threshold.2 This 
assessment is based on arterial diameters at lesion sites 
and does not indicate microvascular blood flow nor 
its efficiency of oxygen transport. It is well understood 
that a substantial subgroup of CLTI patients (approxi-
mately 15%–20%) may not benefit from increases in 
arterial blood flow as assessed by angiography.3-5 In 
these patients, it is likely that the arterial assessments 
do not adequately reflect microvascular perfusion and 
oxygen supply in tissue.6 

Segmental blood pressure measurements are com-
monly used to diagnose or evaluate CLTI therapies.7 
These measurements include the ankle-brachial index 
(ABI), which is the ratio of the arterial blood pressure at 
the ankle to that of the upper arm, and the toe-brachial 
index (TBI), which is the ratio of the arterial blood pres-
sure at the toes to that of the upper arm.

ABI is known to have limited predictive value in 
patients with vascular stiffness and is a poor predictor 
of revascularization failure.8 Evidence exists that TBI 
has predictive power for assessing treatment outcome, 
with TBI changes above a set threshold before and 
after revascularization that are informative of treat-
ment outcome.9 Nevertheless, toe-related measure-
ments are limited, especially when ischemia-related 
wounds reside at the toes. Moreover, neither ABI nor 
TBI are continuously measured during the revascular-
ization procedure.
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Novel microsensing technology potentially addresses 
the limitations of segmental blood pressure measure-
ments in two ways. First, it provides direct measure-
ment of local tissue oxygen, which links the arterial 
hemodynamics to the function of the microvessels 
within the ischemic limb. Second, it provides continu-
ous measurements throughout the revascularization 
procedure, whereas other modalities do not. Novel 
microsensing technology enables repeated monitor-
ing and assessment of the revascularization success 
over a longer period of time, introducing a new era 
for surveillance. This said, one could envision an era in 
which remote monitoring could lead to prompt iden-
tification of therapeutic failure, early reintervention, 
improvement in limb salvage rates, and overall system 
cost sparing.

THE LUMEE OXYGEN PLATFORM 
The Lumee Oxygen Platform (Profusa, Inc.) has been 

developed to provide a method of monitoring subcu-
taneous tissue oxygen in the body. The technology is 
based on the principles of optical spectroscopy and 
phosphorescence quenching of metalloporphyrins, 
which are commonly used in medical and research 

applications. The Lumee Oxygen Platform consists of 
four components: (1) the Lumee Oxygen hydrogel sen-
sor, (2) the Lumee Pen injector, (3) the Lumee Console, 

TABLE 1.  COMPONENTS OF THE LUMEE OXYGEN PLATFORM
Lumee Oxygen
A soft, injectable, hydrogel sen-
sor (0.5 X 0.5 X 5 mm) designed 
to sense and report oxygen lev-
els in the subcutaneous space. 
It is biocompatible and can 
remain in the body permanently.

Lumee Pen 
This single-use, sterile, disposable injec-
tor device is designed to place a Lumee 
Oxygen at a depth of approximately 2 to 
6 mm from the skin surface.

Lumee Console 
Collects, analyzes, and reports 
tissue oxygen sensed by the 
Lumee Oxygen. Each console 
has four Spotlights and one 
cable-attached tablet computer.

Lumee Spotlight 
This handheld device is placed on the 
skin over an injected Lumee Oxygen. 
An LED indicator notifies the user when 
a Lumee Oxygen is found and properly 
aligned with the Spotlight. During mea-
surement, the Spotlight uses optical 
signals to communicate with the Lumee 
Oxygen and transmits oxygen data to 
the Lumee Console.

Lumee Live Software 
The software allows users to view tissue oxygen data and to enter user-specific data (eg, Lumee Oxygen 
locations). It is installed on a commercial tablet computer.

Images courtesy of Profusa, Inc.

Figure 1.  LOI is a unitless measure of concentration based on 

bench calibration of phosphorescence lifetime decay and is 

directly correlated with oxygen level surrounding the sensor. 

It is a robust parameter unaffected by variations in the optical 

properties of the tissue. Up to four Spotlights can send the 

collected signal to the Lumee Console, which has a typical 

sampling rate of approximately once every 5 seconds. 

Courtesy of Profusa, Inc.
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and (4) the Lumee Spotlight readers as well as the asso-
ciated software (Table 1). At present, the system has 
European CE Mark approval for measuring oxygen in 
subcutaneous tissue. The Lumee Oxygen Platform has 
not been approved in the United States. The device is 
designed for use in medical facilities, including physi-
cian offices, hospitals, and ambulatory care clinics.

To obtain a measurement, a clinician first injects one 
or more sensors at a depth of 3 to 6 mm below the 
surface of the skin. Then, the Spotlight handheld device 
consisting of an LED and a photodetector is placed 
onto the surface of the skin directly above the embed-
ded sensor. Subsequently, the Spotlight’s LED emits a 
near-infrared light signal, which excites a metallopor-
phyrin molecule inside the sensor. In return, the sensor 
sends back a light signal that passes onto the photo-
detector (Figure 1). The return-light signal changes 
relative to the oxygen concentration of the tissue sur-
rounding the sensor and is displayed on the console as 
the Lumee Oxygen Index (LOI).

INITIAL STUDY RESULTS AND 
ONGOING STUDIES

Si Se Puede was a 28-day, single-arm, first-
in-human feasibility study that included 
10 patients and focused on the safety and 
effectiveness of the micro-oxygen sensor 
and its corresponding injection in patients 
with CLTI undergoing EVT. There were 
no major adverse events or device-related 
events. Moreover, the study demonstrated 
stable signals during the pre-, trans-, and 
postoperative periods.10

The OMNIA study is an ongoing study 
being conducted at three European cen-
ters that aims to explore the use of the 
Lumee Oxygen Platform in CLTI patients 

and characterize its diagnostic value. Patients are 
eligible if they have CLTI symptoms, have Rutherford 
class 4 or 5 disease, and are scheduled to undergo 
an endovascular revascularization procedure. Lumee 
Oxygen Sensors are inserted subcutaneously a day or 
more before the planned endovascular revasculariza-
tion procedure. Three sensors are placed in the foot 
area of the affected limb, and one sensor is placed in 
the upper arm as a reference. Tissue oxygen is moni-
tored using the platform immediately before and 
during revascularization, a day after revascularization, 
and at additional follow-up visits for up to 1 year. The 
presentation of initial results will depend on enroll-
ment, and thus it is difficult to predict when they will 
be available.

CASE EXAMPLE
A 65-year-old man with a past medical history of 

diabetes, hypertension, and hyperlipidemia presented 
for a consult for a nonhealing wound on the first toe 

Figure 2.  Preintervention angiography showing high-degree stenosis in the popliteal and anterior tibial arteries (A). 

Postintervention imaging showing resolution of the popliteal and anterior tibial artery stenosis (B). 

A B

Figure 3.  LOI versus time. A curve of the microsensors’ behavior during 

the procedure. As the last part of the anatomy is treated, the curve shows 

an increase in the LOI, regardless of some disease left untreated at the 

other arterial beds. 
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of the left foot. The wound was Rutherford class 5 
and Wound 2, Ischemia 2, foot Infection 2 (WIfI) clas-
sification. An angiogram showed > 90% stenosis of the 
popliteal artery and diffuse three-vessel below-the-knee 
disease.

The decision was made to proceed with atherectomy 
and use a of drug-coated balloon angioplasty of a single 
tibial vessel (anterior tibial artery) (Figure 2). Continuous 
measurements of Lumee Oxygen Sensors during revas-
cularization show increases in tissue oxygen following 
the final intervention, with the largest increase observed 
in the sensor located nearest to the wound (Figure 3). 
The patient experienced complete wound healing within 
6 months (Figure 4).

In retrospective analysis, because the OMNIA study 
blinds the operator from the intraoperative data, the 
decision to limit the diffuse tibial intervention to a single-
vessel approach leading to successful healing appears to 
have been the most appropriate care route. As the data 
are further validated, these oxygen levels may become a 
valid threshold for interventionalists to aim for.

CONCLUSION
As with any new tool, robust clinical data will lead the 

way to widespread adoption. Although at an early stage, 
the use of oxygen-sensing platforms as a metric of regional 
oxygenation during revascularization has the potential to 
be a disruptive technology. The concept of optimal revas-
cularization is changing and turning away from the rigid 
angiosome concept and fluoroscopy-acquired images. In 
patients with CLTI, what counts is the increase in regional 
microcirculation. Current therapeutic algorithms are in 
desperate need of standardization, which will come as 
emerging performance goals are developed and validated. 
Initial experience with the Lumee Oxygen Platform shows 
promise, and it may become a tool that is increasingly 
used for this purpose. n
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Figure 4.  Clinical evolution of the wound showing dramatic improvement after revascularization. 


